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ABSTRACT 

 
This study examines the association between water and sanitation infrastructure 

and diarrhea likelihood in Ghanaian children under age five.  Previous research has 

shown that, while piped drinking water and sanitation infrastructure (including flush 

toilets and latrines) are frequently associated with lower diarrhea likelihood, the effect 

varies markedly by location.  As such, this study contributes to the body of research on 

this topic by providing an analysis of the role of infrastructure in the Ghanaian context.  

Data from Ghana’s 2003 Household and Women’s Demographic Health Surveys were 

analyzed using logistic regression methods.  Sanitation infrastructure in the household 

was found to be associated with a lower diarrhea likelihood than no sanitation 

infrastructure.  However, piped drinking water was not found to be significantly 

associated with lower diarrhea likelihood in this study.  Recommendations offered 

included creation of community-led rural and urban sanitation programs with funding 

from Ghana’s recently approved World Bank loan. 
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Chapter 1. Introduction 
 

According to the World Health Organization, diarrhea kills an estimated 1.9 

million children under age five every year, representing almost one in five child deaths 

globally (19 percent) (Boschi-Pinto, Velebit & Shibuya, 2007).  In fact, diarrhea kills 

more children than AIDS and malaria combined, and is the second leading cause of 

under-five deaths worldwide, behind only pneumonia (United Nations Children’s Fund 

[UNICEF], 2008).  Though the causes of diarrhea are well understood, evaluations of 

diarrhea prevention efforts have produced divergent results, suggesting that the best 

prevention strategies may vary by location.  As such, there is a great need for research 

on the effectiveness of diarrhea interventions in specific contexts.  This study adds to a 

growing arsenal of such research, examining factors associated with diarrhea 

likelihood in Ghana. 

Diarrhea is primarily caused by the fecal-oral transmission of pathogens 

(infectious agents) from the environment to the victim (Shier et al., 1996; Arif and 

Ibrahim, 1998).  That is, pathogens in human or animal feces are inadvertently 

ingested.  This can occur through a number of mechanisms.  First, “unimproved” water 

sources, such as open wells, rivers, and streams, may become contaminated by dirty 

buckets and hands, or by seepage of fecal matter.  Second, where sanitation facilities 

are lacking, feces are not adequately separated from the human environment, and 

children may come into contact with fecal matter directly, or through flies that carry 
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pathogens from feces to food or to children’s hands and faces.  Finally, inadequate 

hygiene contaminates hands and food through a lack of hand-washing after defecation 

and before eating and meal preparation.  All of these mechanisms of transmission are 

preventable through basic water and sanitation infrastructure, most notably piped water 

and latrines, and through basic hygiene. 

So what is the international donor community doing to save 1.9 million lives 

per year from this simple disease?  Not enough.  Instead, donors are attracted to the 

more trendy issues of the day.  For example, in 2007, the United States spent 100 times 

more on AIDS than on safe water projects, an inequity that was recently highlighted in 

the New York Times (Halperin, 2008).  Sanitation infrastructure is typically even more 

neglected, at only one eighth of the total global spending on water infrastructure 

(Medact, 2008).  While the commitment to fighting AIDS is to be applauded, it is 

important that less “sexy” issues, such as diarrhea, receive the levels of funding that 

their high death tolls warrant.   

In Ghana, the prevalence of diarrhea is high, while significant gaps remain in 

access to adequate water and sanitation infrastructure.  Every year, diarrhea takes the 

lives of over 14,000 Ghanaian children under age five, and, behind only malaria, is the 

country’s second leading cause of under-five death (UNICEF, 2006).  The 2003 Ghana 

Demographic Health Survey (GDHS) found that 17 percent of children under five had 

had diarrhea in the two weeks prior to the survey.  In addition, the GDHS found that 
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over 60 percent of households in Ghana lacked access to piped water and 20 percent 

had no sanitation facility.  For this thesis, data from the 2003 GDHS were utilized to 

examine the association between water and sanitation infrastructure and diarrhea 

likelihood among children in Ghana.  In so doing, this study contributes to 

policymakers’ understanding of how best to combat childhood diarrhea in the 

Ghanaian context.   
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 Chapter 2. Literature Review 

Numerous studies have examined the relationship between diarrhea incidence 

and water and sanitation infrastructure in various contexts.  Some studies of water 

infrastructure have focused on the role of water quality in diarrhea incidence, while 

others have examined the importance of the quantity of water utilized, frequently using 

the distance between household and water source as a proxy.  Studies of sanitation 

infrastructure have examined both the importance of having any facility, as well as the 

advantages of particular types of facilities.  This literature review provides a summary 

of key findings on each of these water and sanitation topics. 

Water Quality 
Water quality studies typically examine the impact of improved water sources 

on diarrhea.  Such improved sources include piped water, covered or “protected” wells, 

and boreholes, which are narrow-diameter, deep wells, usually fitted with a hand pump 

(Shier et al., 1996).  These improved sources normally have lower pathogen counts, 

reducing child exposure to the diarrhea-causing agents that readily infect traditional 

water sources (Shier et al., 1996).  Esrey et. al (1991) reviewed 144 studies that 

measured the impact of water quality on diarrhea incidence (cited in Shier, et al., 

2008).  Most studies found a statistically significant association between improved 

water quality and reduced diarrhea incidence (Shier, et al., 2008).  However, several 

studies showed no such association (Shier, et al., 2008). 
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Since Esrey’s 1991 review, a number of additional studies have looked at the 

association between water quality and diarrhea incidence in the context of specific 

environments.  Many of these studies confirm what scientific understandings of 

diarrhea causation would suggest – that improving water quality lowers the incidence 

of diarrhea.  For example, Mbonye (2004) used logistic regression methods to analyze 

diarrhea likelihood for children under age two in the Sembabule district of Uganda and 

found that drinking water from rivers and streams was associated with a 2.2 times 

higher likelihood of diarrhea than drinking water from boreholes.  In addition, drinking 

water from stagnant ponds and wells was associated with a 2.8 times higher likelihood 

of diarrhea than drinking water from boreholes (Mbonye, 2004).   A 2003 study in 

western Kenya likewise found drinking borehole water to be safer than drinking lake 

water (Brooks et al., 2003).  This case control-study of 451 persons with bloody 

diarrhea found that drinking Lake Victoria water, as opposed to borehole water, was 

significantly associated with diarrhea (Brooks et al., 2008). 

In addition to the benefits of borehole water, a number of studies have found 

that piped water in the home is safer than other sources, though they did not explicitly 

compare piped water to borehole water.  For example, availability of piped water in the 

home was associated with lower diarrhea incidence in a 1992 case-control study of 

children under five from 200 Sri Lankan families (Wijewardene, Fonseka & 

Wijayasiri, 1992).  This same conclusion was reported in a longitudinal multivariate 
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analysis of 2,355 Filipino infants under six months in 1994 (VanDerslice, Popkin & 

Briscoe, 1994), as well as in a Papua New Guinean study of urban children under age 

five in 1991 (Bukenya and Nwokolo, 1991).  A 1996 study by the World Bank in 

Jakarta, Indonesia also found water quality to be associated with diarrheal incidence in 

children under age six (Alberini, Eskeland, Krupnick & McGranahan).  This study 

tested water quality and found that water contaminated by fecal coliform was 

associated with a rate of diarrhea two times greater than uncontaminated water 

(Alberini et al., 1996). 

While some studies found unqualified associations between water quality and 

diarrhea incidence, other studies found that improved water sources only effectively 

reduced diarrhea under specific circumstances.  For example, a 2002 study in rural 

India found that piped water was associated with decreased prevalence and duration of 

under-five diarrhea in the upper three wealth quintiles, but not in the lower two (Jalan 

and Ravallion).  The authors theorized that poorer families were unable to complement 

the “public input” of piped water with other “private inputs” that are necessary for 

diarrhea prevention, such as sanitation, nutrition, and hygienic water storage.  While 

this study suggested that the effectiveness of improved water quality depended on 

household wealth, a 1996 study by Steven Esrey at Johns Hopkins University found 

that the impact of improved water quality depended specifically upon household 

sanitation infrastructure.  This study looked at data from the late 1980s across eight 
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countries on three continents and found that improved water quality was typically 

associated with improved child health only when improved sanitation was also present.  

Similarly, a systemic review of quantitative research in 2004 found that interventions 

to improve water quality at point-of-use tended to have the greatest impact in 

communities where a high proportion of households had adequate sanitation (Gundry, 

Wright & Conroy, 2004).  A 1995 study of infants in the Philippines likewise found an 

interaction between water source and neighborhood sanitation (VanDerslice and 

Briscoe, 1995).  In this study, improving water quality had virtually no effect in 

neighborhoods with very low sanitation, whereas water quality was highly associated 

with diarrhea incidence in communities with better sanitation (VanDerslice and 

Briscoe, 1995).   

Contrary to expectations, a number of studies found no association between 

water quality and diarrhea incidence.  For example, in a 2002 logistic regression 

analysis of data from three East African countries, results indicated that households 

with piped water connections did not have significantly lower diarrhea likelihood than 

households that lacked piped water (Tumwine et al., 2002).  Unlike most other studies, 

diarrhea likelihood for household members of all ages was included in this analysis of 

Uganda, Tanzania, and Kenya (Tumwine et al., 2002).  A case-control study of 

children under five in Nicaragua likewise yielded no statistically significant difference 

in diarrhea prevalence between households utilizing various water sources, including 
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piped, well, and river/stream water (Gorter, Sandiford, Smith & Pauw, 1991).  In 

addition, a 1998 analysis in Pakistan found no significant association between non-

piped drinking water and diarrhea in children under five (Arif and Ibrahim, 1998) and a 

1992 study in Malaysia found no significant association between water sources with 

measured fecal contamination and diarrhea in children 4-59 months (Knight et al., 

1992).  The most unexpected results came from a recent study in the Philippines, 

which suggested that neighborhoods of Metro Cebu that were fully connected to piped 

water had significantly higher diarrhea incidence than those that were not (Bennett, 

2007).  The author attributed this increase in diarrhea to the significantly poorer 

sanitation in neighborhoods with piped water, arguing that community attention to 

sanitation declined when contamination of traditional water sources was no longer a 

concern. 

Several additional studies on water quality deserve special attention, because 

they utilized data on Ghana, the country of primary interest for this thesis.  The results 

of these studies present a mixed picture on the association between diarrhea and water 

source in Ghana.  Shier et al. examined 1989 and 1991 data from the Upper East region 

of Ghana, including information on 20,000 children age six months to seven years 

(1996).  Relative to well or stream water, children from households that used piped and 

borehole water had significantly lower diarrhea prevalence in the hot season (February-

April), the season with the greatest contamination of traditional water sources.  
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However, water source was not a statistically significant determinant of diarrhea 

during the cool season (October-December) or the rainy season (June-August).  

Another Ghanaian study focused on the rainy season in the Accra metropolitan area 

(Boadi  and Kuitunen, 2005).  This study found a significant association between piped 

water and lower diarrhea incidence among children under the age of six (Boadi  and 

Kuitunen, 2005).   

Two studies have used data from the Ghana Demographic and Health Surveys 

(GDHS) to examine diarrhea incidence.  A 2000 study by Clement Ahiadeke used 

1993 GDHS data and a 2003 study by Stephen Obeng Gyimah used 1998 GDHS data.  

Both surveys drew a nationally representative sample of households.  The earlier 

survey was administered September 1993 through February 1994 and the latter was 

administered November 1998 through February 1999; thus, both surveys spanned the 

cool and hot seasons.  Gyimah (2003) found that children under age five had a 

significantly lower likelihood of diarrhea if they came from households with piped 

water.  Controlling for other factors, including type of sanitation, parental education, 

and urban/rural residence, Gyimah found that, relative to households with piped water, 

children from households with well water had a .56 higher probability of having had 

diarrhea in the past two weeks.  Likewise, those with stream, dam, or lake water had a 

.67 higher probability of having had diarrhea in the past two weeks.  In addition, the 

study compared borehole water to piped water and found that the former was 
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associated with a .47 higher probability of diarrhea.  Since there are very few studies 

comparing piped and borehole water, it is noteworthy that this study found a 

statistically significant difference between the diarrhea likelihoods associated with 

these two sources.  The Ahiadeke study combined data from the 1993 Ghana DHS with 

the 1990 Nigeria DHS and looked at the interaction effect between breast-feeding and 

water source.  Ahiadeke found that breastfed infants age 0-6 months were about 2.5 

times more likely to have had diarrhea if breast milk was supplemented with non-piped 

water, relative to piped water.   

Source versus Point-of-Use Water Quality 
Several explanations have emerged for the lack of consensus among studies of 

the water-diarrhea link.  It is commonly argued that the best strategies against diarrhea 

vary by location and that the diversity of study findings is a product of the diversity of 

study sites.  In addition, several studies have found that improved water sources did not 

decrease diarrhea incidence because the quality of water consumed was inferior to the 

quality of water at the source.  In 2004, Wright, Gundry, and Conroy performed a 

systemic review of 57 quantitative studies that compared water quality at the source to 

water quality at point-of-use.  In about half of the studies reviewed, water quality was 

significantly lower at point-of-use compared to the source, suggesting that water was 

contaminated during collection, transport, and/or storage.  Similar findings were 

reported in a 2004 Pakistani study, where fecal contamination levels in household 
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storage containers were found to be high, even when the source water was of good 

quality (Jensen, Jayasinghe, van der Hoek, Cairncross & Dalsgaard, 2004).  As such, 

where water quality varies between source and point-of-use, studies that use the 

presence of an improved water source as a proxy for water quality may underestimate 

its importance.   

An additional explanation for the failure of improved water sources to decrease 

diarrhea incidence in some contexts is that such sources may not always deliver the 

promised water quality.  For example, in explaining the insignificant effect of piped 

water in their 1998 study in Pakistan, Arif and Ibrahim suggested that damaged 

pipelines resulted in contamination of water before it even flowed from the tap.  

Similarly, a 1998 study in Uzbekistan found that over 30 percent of households with 

piped water lacked detectable levels of chlorine in their drinking water, despite the fact 

that source water was treated with two-stage chlorination (Semenza, Roberts, 

Henderson, Bogan & Rubin, et al., 1998).  While these findings explain why improved 

water sources do not always decrease diarrhea incidence, other studies have theorized 

as to why poor quality water is not associated with an increased diarrhea incidence in 

certain settings.  In a 1992 study in Malaysia, 80 percent of water drawn from 

contaminated sources was found to be clean at point-of-use, and the authors attributed 

this discrepancy to the frequency of water treatment by boiling in Malaysian 

households (Knight et al.).  Likewise, a 1991 study in Nicaragua suggested water-
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boiling as a potential explanation for the lack of association between poor quality 

drinking water and diarrhea incidence in that setting (Gorter, Sandiford, Smith & 

Pauw). 

Water Quantity 
In addition to examination of water quality, a number of studies have looked at 

the effect of water quantity on diarrhea incidence, directly measuring quantities of 

water utilized, or using distance from water source or regularity of water availability as 

a proxy.  Increasing the quantity of water available to households can decrease diarrhea 

incidence by facilitating the use of water for hygienic and sanitation purposes, such as 

washing hands and utensils and safely disposing of stools (Boadi and Kuitunen, 2005; 

Shier et al., 1996).  A 1996 World Bank study in Jakarta, Indonesia found that persons 

from households that experienced interruptions in their (piped) water supply were 

significantly less likely to wash their hands after defecation than persons from 

households without water supply interruptions (Alberini, Eskeland, Krupnick & 

McGranahan).  Likewise, a 1990 study by J.V. Pinfold in Thailand tested the 

bacteriological cleanliness of fingertips in Thai households and found that those with 

in-house water connections had significantly less contaminated samples than those 

without in-house connections.  Similar results were found in an African setting in 1995 

when hygienic stool disposal was found to be linked to ease of water access in Bobo-

Dioulasso, Burkina Faso (Curtis et al.).  
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In 1991, the World Health Organization published a review of 15 studies that 

specifically examined the link between diarrhea incidence and water quantity, 

independently of water quality (Esrey, Potash, Roberts & Shiff).  All but one of these 

studies found that increased water quantity had a negative association with diarrhea 

incidence.  The median reduction in diarrhea incidence was 20 percent in those studies 

that were deemed most rigorous.  Subsequent studies largely confirmed this 

association.  For example, shorter distance from water source was significantly 

associated with lower diarrhea incidence in studies in Zaire (Tonglet, Isu, Mpese, 

Dramaix, and Hennart, 1992), Tanzania (Gascon et al., 2000), and Nicaragua (Gorter, 

Sandiford, Smith, and Pauw, 1991).  In addition, quantity of water utilized was 

measured directly and found to be negatively associated with diarrhea in Uganda, 

Kenya, Tanzania, and Zaire (Tumwine et al., 2002; Tonglet et al., 1992).  In studies 

that looked at both the impact of increased water quantity and improved water quality, 

quantity was generally found to be of greater importance than quality (Jensen, 

Jayasinghe, van der Hoek, Cairncross & Dalsgaard, 2004; Esrey, 1996 as cited in 

Gundry, Wright & Conroy, 2004; Esrey and Habicht, 1988; Victora, et al., 1988; 

Feachem, 1986).   

Sanitation Infrastructure 
Provision of sanitation facilities is an additional infrastructure component that 

has the potential to reduce the toll of diarrheal disease in developing countries.  By 
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separating feces from the human environment, toilets and latrines interrupt the fecal-

oral cycle.  Flush toilets are typically considered to be the most sanitary form of waste 

disposal, followed by sealed pit and ventilated improved pit latrines, and finally by 

open pits, all of which are considered more hygienic than open defecation (unless such 

defecation is sufficiently distant from human habitation as to pose no risk).   

Several studies have looked at the role of sanitation infrastructure in diarrhea 

prevention in Ghana.  In a 2005 study in the Accra metropolitan area, Boadi and 

Kuitunen found that children in households without sanitation infrastructure had 

significantly higher diarrhea incidence than those in households with either a flush 

toilet or a latrine.  In addition, the Accra study found that households that shared 

sanitation facilities with five or more households had significantly higher rates of 

childhood diarrhea than those with private facilities, presumably because shared 

facilities tend to be less hygienic.  These findings from Accra corroborate results of a 

multivariate logistic analysis using nationwide data from Ghana (GHDS, 1998), which 

found that the likelihood of childhood diarrhea was 24 percent higher in households 

lacking any sanitation facility, relative to those with latrines or toilets (Gyimah, 2003).   

A multivariate probit analysis using Ghana’s 1993 DHS data sought to 

distinguish between the diarrhea likelihood associated with different types of sanitation 

infrastructure (Ahiadeke, 2000).  This study found that household possession of a flush 

toilet rather than a pit latrine was associated with significantly lower diarrhea 
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likelihood in infants age 3-6 months (Ahiadeke, 2000).  However, this study did not 

control for household income, potentially biasing the results.  In addition, this study 

found that possession of a pit latrine was associated with lower diarrhea incidence than 

no toilet facility, though this association was no longer significant once mother’s 

education and age of the child were controlled for.  However, it is important to note 

that the primary concern of this study was the impact of breastfeeding, and that 

sanitation facilities were added only as a control.  Small sample sizes, which limit the 

variability that can be observed, may have impacted the significance of the latrine 

variable in some of this study’s models.   

Studies in other locations have also generally found that sanitation plays a 

significant role in diarrhea reduction.  Several of these studies emphasized the 

importance of particular types of sanitation facilities.  Household ownership of a 

“sanitary latrine,” as opposed to no latrine, was associated with a reduced risk of 

diarrhea in Egyptian children under age three, where a “sanitary latrine” was defined as 

one that drains into either a sealed pit or a local sewage system (Abu-Elyazeed et al., 

1999).  Similarly, availability of a ventilated improved pit latrine was associated with 

significantly lower cholera risk than traditional pit latrines in a 2005 study in South 

Africa (Hoque and Worku).  Finally, household ownership of a “revised” latrine, 

including two cubic meters of fecal matter storage and a removable door for regular 

fecal evacuation, was associated with significantly lower incidence of under-five 
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diarrhea than traditional latrines in a 2004 study in Kabul, Afghanistan (Meddings, 

Ronald, Marion, Pinera & Oppliger, 2004).   

Several additional studies have emphasized the presence or absence of 

household sanitation, as opposed to the type of sanitation facility.  For example, a 2002 

study in Uganda, Tanzania, and Kenya found that, while the type of sanitation facility 

used by a household did not help explain diarrhea incidence, household ownership of a 

toilet or latrine (of any kind) was significantly protective against diarrhea (Tumwine et 

al.).  Likewise, a 1995 study in the Philippines found that household excreta facilities 

were associated with a 42 percent reduction in childhood diarrhea relative to 

households without such facilities (VanDerslice and Briscoe, 1995).  Finally, a 2004 

study in Uganda found that not owning a sanitation facility was associated with a 40 

percent increase in the likelihood that a child would have diarrhea (Mbonye, 2004).   

Though presence of sanitation facilities in the household tended to be 

significant in available literature, some studies failed to produce significant results.  

For example, a Nicaraguan study found no significant difference in diarrhea incidence 

between households that owned a latrine and those with no sanitation infrastructure 

(Gorter, Sandiford, Smith & Pauw, 1991).  Likewise, a Brazilian study found no 

significant difference in diarrhea incidence between households that owned a flush 

toilet and households with no sanitation facilities (Victora et al., 1988).  However, a 

lack of significant results for sanitation infrastructure does not necessarily mean that 
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sanitation is not associated with diarrhea in these contexts, as some families may not 

use their sanitation facilities for disposal of children’s stools.  For example, a 1992 

study in Sri Lanka found that, while ownership of a latrine was not a significant 

determinant of child diarrhea, hygienic disposal of children’s stools (for example, in a 

latrine) was significantly protective against diarrhea, with poor disposal methods 

associated with a 68 percent increase in childhood diarrhea prevalence (Mertens, 

Jaffar, Fernando, Cousens & Feachem, 1992).  A 1995 study in Burkina Faso also 

looked specifically at disposal of children’s stools, finding a 30 to 50 percent increase 

in child hospitalizations for diarrhea when children’s feces were not disposed of in a 

latrine (Curtis et al., 1995).  These results complement earlier findings in Zaire, where 

failure to dispose of children’s feces in a latrine was associated with an increased risk 

of childhood diarrhea (Dikassa et al., 1993).   

In addition to disposal of children’s stools, other factors, such as the privacy of 

household sanitation facilities, and the sanitation in the greater community, have been 

examined in some studies.  The findings from a case-control study in Kenya paralleled 

the afore-mentioned Accra study, but found that ownership of a latrine was protective 

against diarrhea only when that latrine was used exclusively by household members 

(Brooks et al., 2003).  Community sanitation was found to be important in a 2007 

study in urban Bangladesh, which found that the proportion of households in the 

community using “improved latrines” was significantly associated with children’s 
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weight-for-height ratios (there was no measure of diarrhea incidence in this study), 

even though the use of sanitation facilities within a child’s household was not 

significant (Buttenheim, 2007).  In this study, “improved latrines” were defined as 

those that were water-sealed, or otherwise “hygienic.”  The author of this study 

suggested that, in this particular context, hygienic sanitation facilities in the home did 

not confer health advantages where children were exposed to contaminants in the 

neighborhood environment. 

In those studies that looked at the relative importance of sanitation facilities 

compared to water source, access to latrines was typically found to be a greater 

protective factor against diarrhea (Arif and Ibrahim, 1998; Feachem, 1986).  The 

relative importance of sanitation facilities is also underscored by the aforementioned 

studies that found improved water source to reduce diarrhea incidence only when 

sanitation facilities were also present.   

Other Factors 
It is important to briefly discuss other factors associated with diarrhea 

incidence, as these factors were included as controls in this study’s regression model.  

Aside from infrastructure, hygiene – particularly hand-washing – is one of the most 

important prevention strategies against diarrhea.  In their 2005 study in Accra, Boadi 

and Kuitunen found that mother’s hand-washing (with or without soap) after 

defecation and before meal preparation was significantly associated with decreased 
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diarrhea incidence in children under age six.  Similar results have been found in studies 

from such various contexts as Indonesia (Alberini, Eskeland, Krupnick & 

McGranahan, 1996), Kenya (Brooks et al., 2003), Uganda (Mbonye, 2004), and in a 

meta-analysis of six studies from Asia and the Americas (Esrey, Potash, Roberts & 

Shiff, 1991).  However, two studies in Bangladesh and in India suggested that hand-

washing was only significantly protective against diarrhea when hand-washing agents 

such as soap or ash were utilized (Alam, Wojtyniak, Henry & Rahaman, 1989; Sur et 

al., 2004).   

In addition to hand-washing, breastfeeding is frequently cited as protective 

against diarrhea.  This protection occurs both through minimization of exposure to 

potentially contaminated foods and liquids, and through protective agents in the breast 

milk itself.  In an analysis of 1993 data from Ghana, Ahiadeke (2000) found that 

infants that were either fully breastfed or mixed-fed (fed both breast milk and other 

foods or liquids) had a lower incidence of diarrhea than non-breastfed infants.   Several 

studies in other locations have found breastfeeding to be protective against diarrhea, 

including studies in Northeastern Brazil (Victora, Teresa, Olinto, Barros & Nobre, 

1996), southern Brazil (Victora et al., 1989), and the Philippines (VanDerslice, Popkin 

& Briscoe, 1994).  In addition, two studies in Ghana and in Malaysia looked at the 

interaction between breastfeeding and other factors, finding that breastfeeding 
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mitigates the negative effects of poor water quality and poor sanitation on diarrhea 

incidence (Ahiadeke, 2000; Butz, Habicht & DaVanzo, 1984). 

As would be expected, several studies have found that demographic variables 

also play a role in diarrhea prevalence.  For example, children of more educated 

mothers tend to have lower diarrhea prevalence, irrespective of water and sanitation 

conditions, presumably due to better understanding of proper hygiene.  Ahiadeke’s 

2000 study in Ghana found that child diarrhea incidence was significantly lower when 

mothers had a secondary education, compared to mothers with no education.  

However, primary level education was not significant in this study.  Mother’s 

education was a significant determinant of diarrhea in Boadi and Kuitunen’s 2005 

study in Accra; however, the authors did not report whether primary and/or secondary 

education was specifically considered in their analysis.  Other demographic variables 

that significantly predicted lower diarrhea incidence among children under five 

included: higher family income (Boadi and Kuitunen, 2005), older child’s age (Arif 

and Ibrahim, 1998), urban residence (Arif and Ibrahim, 1998), and female sex 

(VanDerslice and Briscoe, 1995; Arif and Ibrahim, 1998).  Finally, diarrhea prevalence 

has been found to be significantly higher in the rainy season relative to other seasons 

(Arif and Ibrahim, 1998). 
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Gaps in the Available Literature 
Though a significant body of research exists on the relationship between 

diarrhea likelihood and infrastructure, there are gaps remaining.  The impacts of water 

and sanitation infrastructure have been shown to vary by location, demanding country-

specific analyses wherever diarrhea is a major cause of childhood morbidity and 

mortality.  With an estimated 14,000 diarrhea deaths annually in Ghanaian children 

under five (UNICEF, 2005), it is important to examine the association between 

diarrhea likelihood and water and sanitation infrastructure in the Ghanaian context.  No 

such examination has been conducted with nationwide Ghanaian data from the new 

millennium.  The GDHS studies cited earlier in this paper used data from 1993 and 

1998 and Boadi and Kuitunen’s 2003 survey exclusively sampled households in the 

Accra metropolitan area.  This study fills that gap, providing an analysis of nationwide 

Ghanaian data from 2003.   
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Chapter 3. Hypotheses, Data, and Methodology 

This study tested the following hypotheses related to diarrhea likelihood in 

Ghanaian children under age five: 

Hypothesis 1: Piped drinking water is associated with lower diarrhea 
likelihood than non-piped drinking water.   

 
Hypothesis 2: Sanitation infrastructure in the household (toilet or 
latrine) is associated with lower diarrhea likelihood than no sanitation 
infrastructure.   

 
These hypotheses were tested using data from the 2003 Ghana Demographic and 

Health Survey (GDHS).  The 2003 GDHS was conducted by the Ghana Statistical 

Service (a ministry within the Ghanaian government), with technical assistance from 

Macro International, Inc, and funding from the Government of Ghana and the U. S. 

Agency for International Development.  The 2003 GDHS used a representative 

probability sample of 6,600 households nationwide, including all ten administrative 

regions of the country, and both urban and rural areas.  Interviews were requested from 

all women age 15-49 and all men age 15-59 in the households that were sampled.  Both 

usual residents and visitors who had spent the previous night in the household were 

interviewed.  Questionnaires were translated from English into the five major 

languages of Ghana (Akan, Nzema, Ewe, Ga, and Dagbani).  Three separate 

questionnaires were utilized in each household – a household questionnaire, including 

information about household water source and sanitation facilities, a women’s 

questionnaire, including information on childhood illness, and a men’s questionnaire, 
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which was not used in this study.  The response rate was 98.7 percent on the household 

survey and 94.4 percent on the women’s survey (Ghana Statistical Service, 2004). 

Eight separate GDHS data sets are available online through the DHS website.  

This study worked with the children’s data set (“ghkr4adt.zip”), which incorporated 

both household information and illness information (reported by mothers) for all 

children under age five.  Data on 3,844 children were included in this data set.  For the 

purpose of this study, analysis was restricted to the 3,805 children who were residents 

of the households interviewed, as visitors may not have been present throughout the 

survey’s two-week recall period for diarrhea.   

Use of the GDHS dataset is advantageous due to the nationwide sample, high 

response rate, and number of observations.  However, there are several shortcomings.  

First, no water samples were taken from water sources or point-of-use.  As water 

quality varies greatly between sources of the same type, and between source and point-

of-use, such information would have been useful.  Nonetheless, numerous studies have 

found statistically significant results using type of water source as a proxy for water 

quality.  A second disadvantage is that, while the GDHS included a question related to 

mother’s hand-washing behavior, the data were missing for all observations.  Though 

hygiene is not of primary interest for this study, it is an important determinant of 

diarrhea and would have been useful as a control variable.  A third disadvantage is that 

self-reporting of diarrhea is vulnerable to measurement error.  Past research suggests 
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that 48 hours is the ideal recall period, and that the two-week recall used by GDHS 

may have resulted in an underreporting of true diarrhea incidence (Gundry, Wright & 

Conroy, 2004).  Finally, the GDHS data set included only information on the presence 

or absence of particular sanitation facilities (toilets and latrines), without noting 

whether households shared these facilities with other families, or the proportion of 

households in the community with access to sanitation facilities.  These other factors 

have been shown to influence the role of sanitation facilities in reducing diarrhea in 

some contexts. 

Binary logistic regression was used as the method of analysis for this study, due 

to the dichotomous nature of the dependent variable: whether or not the child had 

diarrhea in the past 14 days.  The primary independent variables of interest were a 

dummy variable representing whether or not the child’s household had sanitation 

facilities (toilet or latrine) and a dummy variable representing whether or not the 

primary source of household drinking water was piped.  Multiple control variables 

were included, as defined in the equation below.  The logistic model for this study 

combined elements of the models of the following researchers: Mbonye (2004), 

Gyimah (2003), Ahiadeke (2000), Arif and Ibrahim (1998), and Tonglet et al. (1992). 
 

 
 
 
 
 

 24



Logistic Regression Model1: 
 
Diarrhea = B0 + B1X1 + B2 X2 + B3 X3 + B4 X4 + B5 X5 + B6 X6 + B7 X7 + B8 X8  
+ B9 X9+ ε 
 
B0 = Y-intercept; B1, B2, B3, B4, B5, B6, B7, B8, B9 = Coefficients of respective 
independent variables 
 
ε = Unexplained Variance, Error Term. 
 

Exhibit 1. Definition of Variables 
 
 Variable Variable Definition Expected 

Coefficient 
References 

X1 Piped2 =1 if piped water was 
main source of household 
drinking water; 
reference: non-piped 
water 

Negative Arif & Ibrahim, 
1998 

X2 Timetofetch3 Time in minutes required 
to travel to source of 
drinking water, draw 
water, and return home 

Positive Tonglet et al., 
1992 

X3 Sanitation =1 if household had a 
toilet or latrine; 
reference: no sanitation 
infrastructure 

Negative Arif & Ibrahim, 
1998; Mbonye, 
2004 

X4 Ageinmonths Child’s age in months (0-
59) 

Positive Ahiadeke, 2000 

                                                 
1 Omitted variables: Breastfeeding was not included in this model, due to the near universality of the 
practice in Ghana.  Only four children age 0-2 were reported to not be breastfeeding.  In addition, 
mother’s hand-washing behavior was not included as a variable because the data on hand-washing were 
missing for all observations.  Finally, the following variables were excluded, as they were found to be 
insignificant and had no appreciable impact on the other variables in the model: male sex (reference: 
female), rural location (reference: urban), and rainy season (reference: cool season). 
2 GDHS asked only about the main source of drinking water for the household.  There is no information 
available as to other sources that the household may use, or what proportion of household drinking water 
is represented by these other sources. 
3 This variable does not necessarily reflect distance to water source, as some households may have 
ridden carts or vehicles to sources that were further away, reducing the time required to fetch water. 
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Exhibit 1 (continued). 
 
X5 Ageinmonthsq Square of child’s age in 

months 
Negative Ahiadeke, 2000 

X6 Wealth Household wealth 
quintile (1=poorest, 
5=richest) 

Negative Arif & Ibrahim, 
1998 

X7 
 
 

Secondaryplus =1 if mother’s highest 
level of education was 
secondary school or 
higher; reference: 
primary school was 
mother’s highest level of 
education 

Negative Mbonye, 2004; 
Arif & Ibrahim, 
1998 

X8 Noed =1 if mother had no 
formal education; 
reference: primary school 
was mother’s highest 
level of education 

Positive Mbonye, 2004; 
Arif & Ibrahim, 
1998 

X9 Momsage Mother’s age in years Negative  Gyimah, 2003 

     
Y Diarrhea =1 if mother reported that 

child had diarrhea in past 
14 days 

N/A N/A 
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Chapter 4. Analysis  

Figure 1. Diarrhea Incidence among Ghanaians Under Age Five, 2003 

17%

83%

Diarrhea (past 14 days)

No Diarrhea (past 14 days) 

 
 N=3,419 
 
 Source: GDHS, 2003 
  
 

Figure 1 shows that 17 percent of children under five in the sample were 

reported to have had diarrhea in the two weeks prior to being surveyed for Ghana’s 

2003 DHS.  This is slightly lower than the 19 percent incidence found in both Ghana’s 

1998 DHS (Gyimah, 2003) and in the 2005 study of the Accra metropolitan area 

(Boadi and Kuitunen, 2005).  However, the true diarrhea incidence is likely 

underreported in both DHS surveys and in the Accra study, since all of these surveys 

used a recall period of 14 days.  Past research has found that diarrhea incidence is 
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underestimated when researchers use a recall period longer than 48 hours (Gundry, 

Wright & Conroy, 2004).   

 
Table 1. Diarrhea Incidence by Water Source 

        Had diarrhea?  
Water Source Number Yes (%) No (%) 
 Non-piped 2,585 18.0 82.1 
 Piped    830 13.6 86.4 
 Total 3,415 16.9 83.1 

 
 
 
 
 

 
 
Table 1 shows that diarrhea incidence was higher among children who lived in 

households where the primary source of drinking water was non-piped water.  Sources 

of non-piped water included wells, streams, rivers, ponds, and other sources.  Eighteen 

percent of children from households drinking non-piped water reportedly had diarrhea 

in the 14 days prior to the survey, compared to 13.6 percent of children from 

households drinking piped water.  This finding is consistent with other studies using 

1993 and 1998 DHS data from Ghana (Ahiadeke, 2000; Gyimah, 2003).  It is also 

largely consistent with Ghanaian studies using other data sources (Boadi and Kuitunen, 

2005) and a number of studies from other countries (Wijewardene, Fonseka & 

Wijayasiri, 1992; VanDerslice, Popkin & Briscoe, 1994; Bukenya and Nwokolo, 

1991).   
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Table 2. Diarrhea Incidence by Minutes Required to Fetch Water4 
        Had diarrhea? 

Minutes  Number Yes (%) No (%) 
0-5    993 16.8 83.2 
6-10    780 14.5 85.5 
11-15    471 22.7 77.3 
16-20    296 15.2 84.8 
21+    852 16.8 83.2 
Total 3,392 17.0 83.1 

 
 
 
 
 
 
 
 

 
 
Table 2 demonstrates that diarrhea incidence showed no discernible pattern by 

minutes required to fetch water.  Diarrhea incidence was about average at 16.8 percent 

when fetching water required five or fewer minutes, or greater than 20 minutes, and 

oscillated up and down for times in between.  This is a surprising result, as several 

studies have found greater accessibility of water to be significantly associated with 

lower diarrhea incidence (Gascon et al., 2000; Tonglet, Isu, Mpese, Dramaix, and 

Hennart, 1992; Gorter, Sandiford, Smith, and Pauw, 1991).   

There are at least two possible explanations for this result.  First, the GDHS 

survey specifically asked about time required to fetch drinking water.  According to 

theory, the importance of water accessibility is that households with a closer source 

may use more water for hygienic and sanitation purposes, such as washing hands and 

utensils, and disposing of children’s stools (Boadi and Kuitunen, 2005; Shier et al., 

                                                 
4 This variable measures the total amount of time required to travel to the water source, draw water, and 
return home. 
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1996).  The GDHS data do not include any information about household use of 

secondary water sources.  Some households may have one source of water close by, 

but choose to travel greater distances to get drinking water from sources that are 

believed to be cleaner.  In such cases, time required to fetch drinking water would not 

be an appropriate proxy for quantity of water used by the household for hygienic and 

sanitation purposes.  Second, even if the household drew all of its water from the same 

source as its drinking water, the negative effect of time on quantity could be offset by a 

positive effect of time on quality, if greater time spent drawing water was due to travel 

to a cleaner source.  This may explain why households who spent more than 15 

minutes fetching their drinking water had lower diarrhea incidence than those who 

spent 11-15 minutes fetching water.  However, this explanation would not be in 

keeping with other studies that have found quantity to be of greater importance than 

quality.   
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Table 3. Diarrhea Incidence by Sanitation Facilities 
        Had diarrhea?  

Sanitation5 Number Yes (%) No (%) 
 No 1,382 21.1 78.9 
 Yes 2,032 14.1 85.9 
 Total 3,414 16.9 83.1 

 
 

  
 
 
 

As seen in Table 3, children who lived in households that lacked sanitation 

facilities had a higher diarrhea incidence than those from households that had 

sanitation facilities.  The diarrhea incidence was 21.1 percent for those without 

sanitation facilities, compared to only 14.1 percent for those with sanitation facilities.  

This finding is in keeping with literature on the topic, which has generally found 

sanitation facilities to be associated with lower diarrhea incidence, both in Ghana 

(Ahiadeke, 2000; Gyimah, 2003; Boadi and Kuitunen, 2005) and beyond (VanDerslice 

and Briscoe, 1995; Mbonye, 2004; Tumwine et al., 2002). 

                                                 
5 Sanitation facilities included flush toilets and latrines. 
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Table 4. Logit Results for Diarrhea 
(Diarrhea=1 if child had diarrhea in past 14 days) 

 
            VARIABLES      COEFFICIENTS 

Piped Drinking Water -0.066
  (-0.43)
Time to Fetch Water -0.004
  (-1.71)∗
Sanitation Facilities -0.461
 (toilet or latrine) (-3.94)***
Child's Age in Months 0.066
  (5.48)***
Square of Child's Age in Months -0.001
  (-6.69)***
Wealth Quintile -0.091
  (-1.71)∗
Mother Uneducated -0.196
  (-1.48)
Mother Secondary School -0.132
 or Higher (-0.95)
Mother's Age -0.014
  (-2.07)**
Constant -0.838
  (-3.00)***
Observations 3323
LR Chi Square 117.37
Prob > Chi Square 0.000
Pseudo R-squared 0.0386
Nagelkerke R-squared 0.058
Cox & Snell R-squared 0.035
McFadden R-squared 0.039

             Note: Z values listed in parentheses. Robust standard  
                                        errors did not substantially impact z values and never  
                                        impacted the confidence level.   
                                        *** denotes significance at 99 percent confidence level,  
                                        **at 95 percent level, and * at 90 percent level 
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Table 4 presents results of the final regression model.6  The piped water 

variable (relative to non-piped water) was not significant at conventional confidence 

levels (z= -0.43).  Thus, the difference in diarrhea incidence by water source presented 

in the crosstab (Table 1) was found to be insignificant once other factors were 

controlled for.  Previous versions of this regression model attempted to distinguish 

between piped water and well water in order to examine whether higher quality water 

infrastructure was associated with lower diarrhea likelihood.  However, no significant 

difference was found between piped water and well water (see Annex 4).7   

There are several explanations as to why piped water was not a significant 

predictor of diarrhea in this study.  First, Ghana’s 2003 DHS data covered only the 

rainy and cool seasons.  Though several Ghanaian studies have found significant 

results during these seasons (Ahiadeke, 2000; Boadi and Kuitunen, 2005; Gyimah, 

2003), Shier, et al. (1996) found non-piped water to be significantly associated with 

diarrhea only during the hot season, when unprotected sources are typically most 

polluted.  Second, the piped water variable was only a proxy for water quality, as the 

GDHS did not perform any water quality tests.  For example, an association between 

                                                 
6 Results of this regression should be interpreted with caution, as diagnostics suggest that the model may 
be misspecified, as presented and explained in Annex 1.  However, multicollinearity and missing data do 
not appear to be a concern, as seen in Annexes 2 and 3. 
7 A significant difference was found between well water and water from rivers and streams, with well 
water associated with a higher likelihood of diarrhea.  This result is unexpected, as water infrastructure 
is expected to decrease the likelihood of diarrhea.  However, this could be the result of better home 
treatment of water that was drawn from rivers and streams, rather than wells.  This seems reasonable if 
households were more likely to boil or bleach water from traditional sources, due to an understanding 
that this water is more likely to be contaminated.  The regression model analyzed here included only the 
piped dummy to retain degrees of freedom and parsimoniousness. 
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non-piped water and diarrhea would not be expected if households boiled or otherwise 

treated their water (Knight et al., 1992; Gorter, Sandiford, Smith & Pauw, 1991) or if 

piped water was contaminated either by damaged pipelines (Arif and Ibrahim, 1998) or 

during water transport and storage (Jensen, Jayasinghe, van der Hoek, Cairncross & 

Dalsgaard, 2004; Wright, Gundry, and Conroy, 2004).  However, unlike the results of 

this study, Gyimah (2003) found a statistically significant effect of piped water using 

1998 GDHS data, which also lacked information on actual water quality.  This 

discrepancy in results may be explained by the lack of any control for wealth in 

Gyimah’s study.  Alternatively, it is possible that piped water has become a less 

important predictor of diarrhea over time, due to decay in Ghanaian pipe infrastructure, 

or improvement in household water treatment practices.   

The variable timetofetch was significant at the 90 percent confidence level (z= -

1.71), but the coefficient was unexpectedly negative.  Holding all other variables at 

their means, diarrhea likelihood decreased as time required to fetch water increased 

(see Table 5).  The significant negative coefficient on this variable lends credence to 

the theory that households that spent more time drawing water were accessing higher 

quality water (for example, traveling a greater distance to get to a cleaner source).  

However, since piped water was controlled for in the regression, this would imply that 

the higher quality water was not due to piped water infrastructure.  Alternatively, 

households that spent more time fetching drinking water may have been more likely to 

 34



treat their water, perhaps due to greater concern that the water was contaminated 

during transport.   

Past studies of diarrhea in Ghana have not controlled for time required to fetch 

water.  As this variable is only mildly significant, and numerous studies have found 

greater water accessibility to be associated with lower diarrhea likelihood (Gascon et 

al., 2000; Tonglet, Isu, Mpese, Dramaix, and Hennart, 1992; Gorter, Sandiford, Smith, 

and Pauw, 1991), further study is required before definitive conclusions can be drawn 

about the effect of water accessibility in Ghana.  In addition, information on household 

water treatment practices would be desirable, as well as water quality samples, in order 

to evaluate what drove these results.  Nonetheless, this study introduces the possibility 

that accessibility of water source has a different effect in the Ghanaian context than in 

other countries where this question has been examined. 

The coefficient on the sanitation variable was negative, as expected, and highly 

statistically significant (z= -3.94), indicating that household sanitation infrastructure 

was negatively associated with diarrhea.  Holding all other variables at their means, the 

predicted likelihood of diarrhea was 19.7 percent for children from households that 

lacked sanitation infrastructure, compared to 13.5 percent for children from households 

with sanitation infrastructure (see Table 5).  Thus, this study confirms past research 

that has found sanitation to be a significant protective factor against diarrhea in Ghana 

(Ahiadeke, 2000; Gyimah, 2003; Boadi and Kuitunen, 2005).  In addition, the 
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significant sanitation variable and insignificant piped variable corroborate some past 

studies that found lack of sanitation infrastructure to be a better predictor of diarrhea 

than lack of water infrastructure (Arif and Ibrahim, 1998; Feachem, 1986).  However, 

it is important to note that this model does not include a control for neighborhood 

sanitation, as such information is unavailable in the GDHS data set.  Other studies have 

found household sanitation to be insignificant once neighborhood sanitation is 

controlled for (Buttenheim, 2007).8   

Dummy variables for both no sanitation infrastructure and flush toilet were 

included in a prior version of this regression model (Annex 6), allowing a comparison 

between latrine infrastructure and toilet infrastructure.  The coefficient on flush toilet 

was negative, as expected, suggesting that toilet infrastructure was more protective 

against diarrhea than latrine infrastructure, but was only significant at the 90 percent 

confidence level (z= -1.76).  The flush toilet variable was dropped from the final model 

for reasons of parsimoniousness and in order to maintain consistency with the water 

source variable, which had also been represented as a single dummy variable.  

However, this study does provide some evidence that flush toilets are more protective 

against diarrhea than latrines in the Ghanaian context. 

Child’s age in months (z= 5.48) and the square of the child’s age in months (z=  

                                                 
8 Disposal of children’s stools was included as a variable in an earlier version of this regression model, 
but discarded due to lack of significance (z= 0.86).  Such a variable has been significant in other studies 
(Dikassa et al. 1993).   
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-6.69) were both highly statistically significant.  Child’s age had a positive association 

with diarrhea likelihood, but the likelihood of diarrhea increased with age at a 

decreasing rate.  Holding other variables at their means, the predicted likelihood of 

diarrhea was 12.1 percent for children age 0 months, rose to a peak of 22.6 percent for 

children age 24 months, and then declined until reaching 4.5 percent for children age 

59 months (see Table 5).  This finding is in keeping with the results of Ahiadeke’s 

2000 study in Ghana, which also found diarrhea likelihood to increase with child’s age 

at a decreasing rate, despite the fact that only children age 0-11 months were analyzed.   

 The sign on wealth was negative, suggesting that wealth may have an inverse 

association with diarrhea likelihood, even after type of water source, sanitation facility, 

and mother’s education level are controlled for.  Holding other variables at their 

means, the predicted likelihood of diarrhea was 17.7 percent for children in the lowest 

wealth quintile, compared to 13.0 percent in the highest wealth quintile (see Table 5).  

However, these results were only mildly significant (z= -1.71).  Surprisingly, previous 

studies of diarrhea in Ghana have either not controlled for household wealth (Shier et 

al., 1996; Gyimah, 2003; Ahiadeke, 2000), or have looked at wealth without 

controlling for sanitation facilities and water source (Boadi and Kuitunen, 2005).  

Wealth has been found to be significantly associated with diarrhea in other countries, 

such as Pakistan (Arif and Ibrahim, 1998). 
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The mother’s education variables were not statistically significant at 

conventional levels.  Theory suggests that higher mother’s education level could 

mitigate the effect of absent sanitation facilities (Ahiadeke, 2000), but this study does 

not suggest any such effect.  Mother’s education was included in the final regression 

model as a control, in order to ensure that the effect of wealth was not driven by the 

higher education levels of wealthier women.  In addition, mother’s education is an 

important control when looking at the effects of mother’s age.  Though Gyimah (2003) 

and Ahiadeke (2000) both found higher level of mother’s education to significantly 

lower diarrhea likelihood in Ghanaian children, neither of these studies controlled for 

wealth, which limits the interpretability of their findings.   

The coefficient on mother’s age was negative and statistically significant (z= -

2.07), as expected, suggesting that children of older mothers were less likely to have 

had diarrhea.  This finding is in keeping with the only previous Ghanaian study to use 

the variable (Gyimah, 2003).  Holding other factors constant, the predicted likelihood 

of diarrhea for children of an 18-year-old mother was 18.4 percent, compared to 16.9 

percent for children of a 25-year-old mother, and 14.1 percent for children of a 40-

year-old mother (see Table 5).  It appears that mother’s maturity and/or parenting 

experience may play a role in diarrhea likelihood.  Though not the focus of this study, 

future studies might examine factors that contribute to the advantage of mother’s age 

for diarrhea (un)likelihood in Ghanaian children. 
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Several control variables that have been used in other studies were not included 

in the regression analysis discussed above because they were not statistically 

significant and did not appreciably change the results of other variables.  As seen in 

Annex 5, variables on urban location, male sex of child, and rainy season were all 

found to be insignificant when included in the regression.  Other researchers have also 

included a variable interacting piped water source with sanitation facility.  However, 

this study excluded such an interaction, as the piped variable itself was not significant.  

In addition, mother’s hygiene was not part of this analysis, as the GDHS data set did 

not include any data on this variable.  Though the survey contained a question on 

mother’s hand-washing behavior, this information was missing from the data set on all 

observations for unexplained reasons.  As hygiene is an important determinant of 

diarrhea, future GDHS data should rectify this error in order to allow analysis of the 

role of hygiene in diarrhea likelihood.  Finally, breastfeeding was not included in the 

model due to the near universality of the practice in Ghana.  Only four infants in the 

sample were reported not to be breastfeeding. 
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Table 5. Predicted Diarrhea Likelihoods in Children Under Five, Ghana, 2003. 

Independent Variable Likelihood of Diarrhea 
Model with x=mean  
  
Source of Drinking Water  

Non-piped 16.0% 
Piped 15.2% 

  
Minutes Required to Fetch Water  

0 16.8% 
5 16.5% 

10 16.2% 
15 15.9% 
20 15.7% 

  
Sanitation Infrastructure  

No sanitation infrastructure 19.7% 
       Toilet or latrine 13.5% 

  
Age of Child in Months  

0 12.1% 
6 16.7% 

12 19.7% 
18 21.9% 
24 22.6% (Note: likelihood peaks at 24 months) 
25 22.5% 
30 21.4% 
36 18.7% 
48 10.8% 
59   4.5% 

  
Wealth Quintile  

Poorest 17.7% 
Poorer 16.4% 
Middle 15.2% 
Richer 14.0% 

Richest 13.0% 
  

Mother’s Highest Level of Education  
No education 15.1% 

Primary education 17.7% 
Secondary education or higher 15.8% 
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Table 5 (continued). 

Independent Variables Likelihood of Diarrhea 
Mother’s Age  

16 18.8% 
18 18.4% 
20 17.9% 
22 17.5% 
25 16.9% 
30 15.9% 
35 15.0% 
40 14.1% 
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Chapter 5. Policy Context and Recommendations 
  

The U.N. Millennium Development Goals (MDG) represent the world’s 

premier poverty reduction strategy, agreed upon by all of the world’s nations and 

leading development institutions.  Halving the proportion of people without sustainable 

access to safe drinking water and basic sanitation by the year 2015 is among the global 

commitments outlined in these goals.  This target requires increasing the proportion of 

the world’s population with safe drinking water from 77 percent in 1990 to 89 percent, 

and increasing the proportion with basic sanitation from 49 percent to 75 percent 

(WHO/UNICEF Joint Monitoring Program, 2005).  While the U.N. includes this target 

within MDG 7: Ensure Environmental Sustainability, it would be more appropriate 

within MDG 4: Reduce Under-Five Mortality by two thirds.  Diarrhea is the second 

leading cause of death in children under age five worldwide, representing nearly one 

fifth of such deaths, and improving water and sanitation is an important weapon 

against this disease (United Nations Children’s Fund [UNICEF], 2008).   

The World Health Organization (2008) estimates that 1.1 billion people 

globally do not have access to safe water sources and 2.4 billion people do not have 

adequate sanitation infrastructure.  In order to meet the MDG goal of increasing water 

coverage to 89 percent and sanitation coverage to 75 percent, the World Bank (2004) 

estimates that global spending on water and sanitation needs to double from $15 billion 

to $30 billion per year.  While better coverage is being achieved for both water and 
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sanitation in Sub-Saharan Africa, the region is not on track to reach MDG 7, and is not 

improving coverage as rapidly as other regions.  For example, at current rates of 

progress, water coverage in Sub-Saharan Africa is expected to improve from 49 

percent in 1990 to 68 percent in 2015, seven percentage points below the region-

specific target of 75 percent.  In contrast, in South Asia, water coverage is projected to 

improve from 71 percent in 1990 to 98 percent in 2015, greatly surpassing the regional 

target of 86 percent.  Sub-Saharan Africa’s progress on sanitation is particularly slow, 

with 32 percent coverage in 1990, and a projected coverage of 40 percent in 2015, 26 

percentage points below the regional target of 66 percent.  Due to population growth, 

the absolute number of persons without access to sanitation is expected to increase in 

Sub-Saharan Africa by 91 million between 2005 and 2015.  As with water coverage, 

the progress in percent with sanitation access in Sub-Saharan Africa compares 

unfavorably to South Asia.  South Asia started well behind Sub-Saharan Africa with 20 

percent sanitation coverage in 1990, and is projected to achieve 55 percent coverage by 

2015.  This is still somewhat short of the regional target of 60 percent, but 

demonstrates that progress on sanitation is possible at levels far greater than what has 

been achieved in Sub-Saharan Africa.  Globally, sanitation coverage is projected to fall 

short of the MDG goal of 75 percent coverage, with a projected global coverage of 68 

percent by 2015.  In contrast, global water coverage is expected to reach 90 percent, 
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surpassing the MDG goal of 89 percent (WHO/UNICEF Joint Monitoring Program, 

2005).   

 

Figure 2. Projected Water and Sanitation Coverage (percent), 2015. 
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       Source: UNICEF, 2008 
 

It is unsurprising that progress toward sanitation coverage has lagged behind 

water coverage.  Donors typically house both water and sanitation within a single 

program, and sanitation is often treated as an afterthought, or neglected entirely.  For 

example, the U.N.’s Decade for Action (2005-2015) on water and sanitation is titled 

Water for Life, and the World Bank’s topics web page lists water and sanitation under 
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the simple heading Water.  This neglect of sanitation is not simply semantic.  

According to the WHO/Unicef Joint Monitoring Program, global investment in 

sanitation is only one eighth of the investment in water (Medact, 2008).    

The international community is beginning to recognize the imbalance between 

sanitation needs and sanitation investments.  The U.N. General Assembly declared 

2008 the International Year of Sanitation, following a recommendation by the U.N. 

Secretary Advisory Board on Water and Sanitation.  In explaining the need to 

emphasize sanitation, U.N. Secretary General Ban Ki-Moon stated, “Access to 

sanitation is one of the most overlooked, and underserved human needs” (United 

Nations Millennium Campaign, 2009).  In addition, Global Health Watch 2, a Global 

Health Report by a coalition of non-governmental organizations, attempted to change 

the dialogue in 2008, referring to a crisis in Sanitation and Water (Medact, 2008).  

Though it may seem unremarkable to simply invert the order of these words, sanitation 

has traditionally followed water as predictably as jelly has followed peanut butter.  

This shift in top billing is an attempt to reverse the historic neglect of sanitation and 

usher in an era of equality between water and sanitation in both focus and funding.  As 

such, while sanitation has yet to gain the attention that it warrants, there has 

historically been no more opportune moment to champion an increase in sanitation 

funding. 
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Recommendations for the Donor Community 
With the declaration of the International Year of Sanitation, the U.N. has set the 

stage for an increase in global focus on the issue of sanitation.  It is the responsibility 

of developing country governments, and bilateral and multilateral donors, to ensure a 

performance on that stage.  Evidence from this study, and from numerous others 

summarized in this paper, has shown that sanitation infrastructure (including toilets 

and latrines), has the potential to reduce diarrhea in Ghana and in many other settings.  

With 1.9 million of the world’s children lost to diarrhea each year, an intervention as 

promising as sanitation should not be ignored.  Multilateral and bilateral donors are 

presently supplying only 12 percent of what is spent globally on water and sanitation 

(Cotton, 2004).  The World Bank and bilateral donors should follow the lead of the 

Asian Development Bank (ADB) and double spending on sanitation (Asian 

Development Bank, 2009).  According to the World Bank’s own estimations (2004), 

such a doubling is necessary in order to meet MDG 7 (increasing water and sanitation).  

In addition, such spending would contribute to achievement of MDG 4 (decreasing 

child mortality).  The success of the ADB in bringing the issue of sanitation to the 

forefront suggests that, with political will and commitment, other organizations can do 

the same.  The majority of additional funding for sanitation should be directed toward 

Sub-Saharan Africa, where the greatest gaps remain.  In addition, the World Bank 

should increase the proportion of its sanitation funding on household latrines, which it 
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has historically neglected in favor of urban sewage and wastewater treatment (World 

Bank, 2009a). 

In order to ensure a sustained commitment to sanitation, donors should reframe 

the way in which the issue of sanitation is presented to the public.  Though it would be 

a waste of resources to officially rename agencies and programs Sanitation and Water, 

donors should think about the way these complementary issues are presented on their 

websites and in promotional materials.  For example, simply changing the World Bank 

topics page to include a heading for Water and Sanitation, as opposed to just Water, 

would relay the message that sanitation is an important topic worthy of attention and 

funding.  Likewise, while the phrase Water for Life may be a catchy heading for the 

U.N.’s Decade for Action on water and sanitation, the title should be reworked to 

reflect the initiative’s inclusion of sanitation.  Without such a change in the way that 

the issue of sanitation is presented, we risk a one-time infusion of funding, followed by 

a return to water-focused business as usual. 

While increasing resources for sanitation, donors must be sure to sustain the 

current level of funding for water.  The projected achievement of the MDG water goal 

is predicated on current spending commitments.  If the projected achievement invokes 

complacency and a failure to fulfill those commitments, the goal will not be achieved.  

In addition to sustaining global water investments, donors should increase water 

investment Africa, where the MDG for water is not on track to be met.  Though studies 
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have produced divergent results as to the role of water infrastructure in diarrhea 

incidence, provision of water has many other objectives, including time-saving for girls 

and women, whose water-fetching responsibilities may prevent them from going to 

school and engaging in income-earning activities.  As such, achieving 89 percent water 

coverage continues to be an important goal.  In addition, the absence of statistically 

significant results in some studies may indicate a need to increase expenditure on 

maintenance of water infrastructure, as infrastructure decay limits the efficacy of 

improved water sources in diarrhea prevention.   

As a final recommendation to donors, a few additions to the USAID-funded 

DHS survey would help researchers to better understand the issue of diarrhea in 

developing countries.  First, it is unclear why the Ghana DHS data set did not include 

any information on mother’s hand-washing behavior, a variable that is supposedly 

included in the survey.  As hygiene is an important determinant of diarrhea, inclusion 

of such information would be valuable.  Second, the survey asks only how much time 

is required to draw drinking water.  As diarrhea incidence in a number of contexts is 

associated with availability of water for hygienic purposes, it would be useful to also 

ask how much time is required to fetch water for these purposes.  Some households 

may access most of their water close by, but travel to a distant source for their drinking 

water, because that source is believed to be cleaner.  Third, the survey does not ask 

about household water treatment practices.  Household water treatment is an important 
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protective factor against diarrhea, and such information might clarify why non-piped 

water is not associated with higher diarrhea likelihood in Ghana. 

Recommendations for the Government of Ghana 
Identifying and implementing interventions to combat diarrhea is essential to 

saving the lives of the 14,000 Ghanaian children who die of the disease each year.  

This study’s analysis identified provision of sanitation as an effective strategy against 

diarrhea in the Ghanaian context.  Implementing that strategy is the task of the 

Ghanaian government, and recommendations as to how to do so are provided here.  

Sanitation has recently benefited from popular and political attention in Ghana, as Dr. 

Elias Sory, Director General of the Ghana Health Service, highlighted sanitation as his 

central concern during the launch of Global Health Week festivities on March 6 (Sory, 

2009).  Sory and his colleagues at the Ghana Health Service now have the opportunity 

to translate their commitment to sanitation into action.  Three days after Dr. Sory’s 

speech, the World Bank issued Ghana a $1.2 billion interest-free loan, with water and 

sanitation among the approved uses (World Bank, 2009b).  The attention that 

sanitation has recently garnered in Ghana should be used to catalyze swift action with 

funding from this loan, before sanitation issues retreat from the public and political 

conscience once again. 

Like the donor community, the Ghanaian government has historically 

privileged water over sanitation within government programs.  In the report “Investing 
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in a Better Ghana,” the Ministry of Finance (2009) outlined 2008 water and sanitation 

achievements under the heading Rural Water (no sanitation projects are outlined in 

urban areas).  These achievements included construction of 2,700 latrines, compared to 

an estimated 758,800 households that lack sanitation.9  This document also presented 

Ghana’s 2009 budget, and indicated no funding for sanitation.  Likewise, the Ministry 

of Finance’s press briefing on the 2009 budget reported country progress toward MDG 

7, but discussed only the water goal, neglecting entirely the sanitation goal.  This 

underscores the danger, experienced also in the donor community, of subsuming 

sanitation activities under the singular heading Water.  It is recommended that the 

Government of Ghana create Rural Sanitation and Urban Sanitation programs as 

complements to the existing Rural Water and Urban Water programs.  Funding from 

the recent World Bank loan should be allocated to these programs.  The percentage of 

the loan allocated to these programs is left to the discretion of the Ghanaian 

government, which is in a better position to evaluate the competing needs in Ghana.  

However, the government is urged to seriously consider the results of this study, which 

suggest that provision of sanitation would reduce diarrhea, the second leading killer of 

children in Ghana.  In addition, the Government of Ghana should note that investment 

in sanitation is considered to be a highly cost-effective intervention by health 

economists.  A report by the World Health Organization (2004) estimated that in 
                                                 
9 This estimate is made by the author, based on the GDHS survey finding that 20 percent of Ghanaian 
households had no sanitation infrastructure in 2003 and UN Center for Human Settlements estimates as 
to the number of total households in Ghana. 
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Ghana (and other African countries with the same epidemiological profile), every $1 

investment in water and sanitation10 reaps $9.96 in savings from reduced medical 

treatment expenditures, fewer days of school and work lost, and higher worker 

productivity.  As such, the government of Ghana can hardly afford not to invest in 

sanitation infrastructure. 

While there are a number of strategies that the Government of Ghana could 

employ in implementing sanitation programs, evidence suggests that community-led 

initiatives are particularly effective.  For example, the Asian Development Bank, 

which has succeeded in catalyzing a dramatic increase in sanitation coverage in Asia, 

points to community participation as a key element of success in its paper “Best 

Practices in Water Supply and Sanitation” (2007).  Ghana is fortunate to already have a 

government agency tasked with community participation in development – the 

Department of Community Development.  This Department could coordinate with the 

proposed Rural and Urban Sanitation programs to facilitate latrine construction at the 

community level.  Community responsibilities may include identification of a local 

skilled mason for certification in latrine construction, and coordination of digging of 

pits (an unskilled task) by households themselves.  Local participation ensures that 

community members are invested in the project, and also minimizes costs. 

                                                 
10 In keeping with donor bias in favor of water, this paper reported estimated savings per $1 expenditure 
on 1) water alone, and 2) water and sanitation together, but not for sanitation alone.   
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As hygiene is an important determinant of diarrhea, health education should 

complement the provision of sanitation infrastructure in Ghana.  This task should 

likewise be coordinated by the Department of Community Development.  Health 

educators should be elected at the community level and participate in a health training-

of-trainers, offered jointly by the Department of Community Development and the 

Ghana Health Service.  Trained educators would then return to their community to 

facilitate trainings themselves.  Given the results of this study, health educators should 

convey to mothers that diarrhea risk peaks at age two in Ghana.  As breastfeeding has 

been shown to decrease incidence of diarrhea and other illnesses in children two and 

under, instruction on recommended breastfeeding practices should be a component of 

the health education program.11  The health education strategy might also include 

community mentorship programs between older and younger mothers, as this study 

suggests that children of older mothers are at significantly lower risk for diarrhea. 

As a final recommendation, the Rural and Urban Water programs in Ghana 

should conduct water quality testing from a sample of piped water sources throughout 

the country.  The lack of statistically significant results for the piped water variable in 

this study may indicate that piped water is of low quality in Ghana, failing to protect 

against diarrhea.  Should the water quality prove low, the Ghanaian government must 

assess and address the cause of the low quality, either by repairing damaged pipelines, 

                                                 
11 The World Health Organization recommends that mothers practice exclusive breastfeeding for the 
first six months of life and continue supplemental breastfeeding through age two (WHO, 2009). 
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or by improving water treatment processes.  In addition, community members should 

be advised as to the level of water quality, and educated in household water treatment 

methods.  The Department of Community Development could coordinate 

dissemination of this message at the community level. 
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Chapter 6. Conclusion 
 

Results of this study suggest that an absence of household sanitation 

infrastructure continues to be significantly associated with diarrhea in the Ghanaian 

context.  These results are in keeping, not only with past research in Ghana, but also 

with the majority of studies in other developing countries.  In light of these findings, 

this paper recommends that the Government of Ghana and multilateral donors increase 

their funding of, and focus on, this promising intervention.  In addition, though not a 

significant variable in this study, the potential role of water infrastructure should not be 

discounted.  Numerous studies have found water infrastructure to be an important 

predictor of diarrhea.  The lack of significant results in this study may be due to 

household water storage and treatment practices or to poor quality of the Ghanaian 

water infrastructure.  Further research is required (including this paper’s recommended 

improvements to the GDHS questionnaire), in order to better understand the 

contribution of water quality to diarrhea incidence in the Ghanaian context.   
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Annex 1. Linktest 

 
Logistic regression                               Number of obs   =       3323 
                                                  LR chi2(2)      =     123.37 
                                                  Prob > chi2     =     0.0000 
Log likelihood = -1459.6939                       Pseudo R2       =     0.0405 
 
------------------------------------------------------------------------------ 
    diarrhea |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
        _hat |   2.048219   .4289051     4.78   0.000     1.207581    2.888858 
      _hatsq |   .3054118   .1198969     2.55   0.011     .0704182    .5404053 
       _cons |   .8119366   .3593101     2.26   0.024     .1077018    1.516171 
------------------------------------------------------------------------------ 

 
The results of the linktest suggest that the model was misspecified.  Such a result 
would be expected when there are omitted variables.  Ghana’s 2003 DHS data do not 
allow for consideration of hygiene.  Though the survey included a question on 
mother’s hand-washing behavior, these data were missing for all observations in the 
data set.  As such, the misspecification may be due to the omission of a hygiene 
variable, an important predictor of diarrhea.   
 
 
Annex 2. Correlation Coefficients 
 

 Piped Timeto~ Sanitat~ Ageinm~ Wealth Noed Second~ Momsage 
Piped  1.00        
Timetofet~ -0.20  1.00       
Sanitat~  0.27 -0.12  1.00      
Ageinm~  0.01 -0.01  0.02  1.00     
Wealth  0.66 -0.23  0.50  0.02  1.00    
Noed -0.28  0.09 -0.50  0.00 -0.45  1.00   
Second~  0.30 -0.12  0.38 -0.01  0.44 -0.65  1.00  
Momsage -0.02 -0.00 -0.07  0.20 -0.05  0.16 -0.10 1.00 
Obs=3,337  

 
The correlation coefficient matrix suggests that multicollinearity was not an issue in 
this model.  All coefficients were safely below the 0.8 threshold. 
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Annex 3. Mean Values for Variables, Sorted by Observations Kept or Dropped 
from Model (due to missing values on other variables) 
 
 Mean for Kept 

Obs. (N) 
Mean for 
Dropped Obs. (N) 

T-score P-value 

Diarrhea     0.17 (3323)     0.09 (96)    -2.00    .05 
Piped     0.25 (3323)     0.24 (169)    -0.26    .79 
Timetofetch   17.84 (3323)   17.45 (145)    -0.21    .84 
Sanitation     0.59 (3323)     0.68 (168)     2.37    .02 
Ageinmonths    28.31 (3323)   27.58 (50)    -0.30    .76 
Wealth     2.48 (3323)     3.03 (173)     5.08    .00 
Noed     0.48 (3323)     0.35 (173)    -3.28    .00 
Secondaryplus     0.31 (3323)     0.42 (173)     2.91    .00 
Momsage   30.56 (3323)   29.09 (173)    -2.66    .01 

 
The above table demonstrates that there were several statistically significant 
differences between observations that were kept in the model and those that were 
dropped due to missing data.  Observations dropped from the model were more 
wealthy, with more educated and younger mothers, and were more likely to have 
sanitation facilities and less likely to have had diarrhea in the past 14 days.  Overall, 
173 observations dropped from the regression analysis (N=3,323), representing just 4.9 
percent of the sample (N=3,496).  The greatest number dropped due to absent data on 
child’s age in months, where 123 observations had missing data.  It is not surprising 
that some mothers would not know the exact age of their child in the Ghanaian context, 
where dates, ages, and birthdays are not emphasized as they are in the U.S.  For 
diarrhea, 77 observations dropped, due to 10 observations with no entry, and 67 
mothers who could not recall whether the child had had diarrhea.  It is difficult to 
speculate the presence or absence of diarrhea for children of mothers who could not 
recall.  Fortunately, the number of observations impacted was small, representing only 
2.3 percent of the sample.   
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Annex 4. Regression model including multiple dummy variables for water source 
and sanitation. 
 
Logistic Regression                           Number of obs   =       3323 
                                                LR chi2(13)     =     127.12 
                                                  Prob > chi2     =     0.0000 
Log likelihood = -1457.8181                       Pseudo R2       =     0.0418 
 
------------------------------------------------------------------------------ 
    diarrhea |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       piped |  -.0809371   .1562975    -0.52   0.605    -.3872745    .2254003 
 riverstream |  -.2962054   .1383176    -2.14   0.032     -.567303   -.0251079 
       other |   -.521753   .4455075    -1.17   0.242    -1.394932    .3514255 
    stagnant |   .0441526   .1882525     0.23   0.815    -.3248156    .4131208 
 timetofetch |  -.0040946   .0024937    -1.64   0.101    -.0089821    .0007929 
nosanitation |   .4213297   .1179635     3.57   0.000     .1901255    .6525339 
 flushtoilet |  -.5058415   .2884062    -1.75   0.079    -1.071107    .0594244 
 ageinmonths |   .0659692    .012066     5.47   0.000     .0423203     .089618 
     monthsq |  -.0014273   .0002136    -6.68   0.000     -.001846   -.0010085 
      wealth |  -.0868995    .054399    -1.60   0.110    -.1935195    .0197205 
       noed3 |  -.2017426     .13272    -1.52   0.128    -.4618691    .0583838 
secondaryp~s |  -.1094884   .1382076    -0.79   0.428    -.3803704    .1613936 
     momsage |  -.0141819   .0068562    -2.07   0.039    -.0276199   -.0007439 
       _cons |  -1.217226   .2916973    -4.17   0.000    -1.788942     -.64551 
------------------------------------------------------------------------------ 
Note: The reference for the water source variables (piped, riverstream, 
other, and stagnant) was non-piped water.  The reference for the 
sanitation variables (nosanitation and flushtoilet) was household 
possession of a latrine. The reference for the mother’s education 
variables (secondaryplus and noed) was primary school. 
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Annex 5. Regression model including urban, male child, and rainy season 
variables as controls. 
 
Logistic regression                                Number of obs   =       3323 
                                                  LR chi2(12)     =     121.06 
                                                  Prob > chi2     =     0.0000 
Log likelihood = -1460.8476                       Pseudo R2       =     0.0398 
 
------------------------------------------------------------------------------ 
    diarrhea |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       piped |  -.1550534   .1666014    -0.93   0.352    -.4815861    .1714793 
 timetofetch |  -.0039361   .0024521    -1.61   0.108    -.0087422      .00087 
  sanitation |  -.4568235   .1175567    -3.89   0.000    -.6872303   -.2264166 
 ageinmonths |   .0662391   .0120544     5.50   0.000     .0426129    .0898653 
     monthsq |  -.0014311   .0002133    -6.71   0.000    -.0018492   -.0010129 
      wealth |  -.1294873   .0591147    -2.19   0.028      -.24535   -.0136246 
       noed3 |  -.2079618   .1323318    -1.57   0.116    -.4673275    .0514038 
secondaryp~s |  -.1381971   .1381003    -1.00   0.317    -.4088686    .1324744 
     momsage |  -.0139112   .0068857    -2.02   0.043     -.027407   -.0004155 
        male |   .1143055   .0940189     1.22   0.224    -.0699682    .2985792 
       urban |   .2482698   .1667118     1.49   0.136    -.0784794     .575019 
       rainy |   .0047965   .1022444     0.05   0.963    -.1955989    .2051919 
       _cons |  -.8602688   .2907472    -2.96   0.003    -1.430123   -.2904148 
------------------------------------------------------------------------------ 
Note: The reference for the piped water variable was non-piped water and the 
reference for the sanitation variable was no sanitation infrastructure. The 
reference for the mother’s education variables (secondaryplus and noed) was 
primary school.  The reference for male was female, for urban was rural, and 
for rainy season was cool season. 
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Annex 6. Regression model including flush toilet variable 
 
Logistic regression                               Number of obs   =       3323 
                                                  LR chi2(10)     =     120.73 
                                                  Prob > chi2     =     0.0000 
Log likelihood = -1461.0106                       Pseudo R2       =     0.0397 
 
------------------------------------------------------------------------------ 
    diarrhea |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
       piped |  -.0243941   .1548804    -0.16   0.875     -.327954    .2791659 
 timetofetch |  -.0044206   .0024639    -1.79   0.073    -.0092498    .0004087 
nosanitation |   .4573267   .1163121     3.93   0.000     .2293592    .6852942 
 flushtoilet |   -.506001   .2882495    -1.76   0.079     -1.07096    .0589576 
 ageinmonths |   .0663559    .012057     5.50   0.000     .0427246    .0899873 
     monthsq |  -.0014316   .0002135    -6.71   0.000      -.00185   -.0010133 
      wealth |  -.0755268   .0537794    -1.40   0.160    -.1809325    .0298788 
       noed3 |  -.1902689   .1319093    -1.44   0.149    -.4488064    .0682687 
secondaryp~s |  -.1164972   .1379569    -0.84   0.398    -.3868877    .1538934 
     momsage |  -.0139619   .0068497    -2.04   0.042    -.0273871   -.0005366 
       _cons |  -1.335782   .2873308    -4.65   0.000     -1.89894   -.7726243 
------------------------------------------------------------------------------
Note: The reference for the piped water variable was non-piped water and the 
reference for the sanitation variables (nosanitation and flushtoilet) was 
household possession of a latrine.  The reference for the mother’s education 
variables (secondaryplus and noed) was primary school.   

 59



References 
 
Abu-Elyazeed, R., Wierzba, T. F., Mourad, A. S., Peruski, L. F., Kay, B. A., Rao, M., 

et al. (1999). Epidemiology of Enterotoxigneic Escherichia coli Diarrhea in A 

Pediatric Cohort in a Periurban Area of Lower Egypt. [Electronic version]. The 

Journal of Infectious Diseases, 179, 382-289. 

Ahiadeke, C. (2000). Breaste-feeding, diarrhoea and sanitation as components of infant 

and child health: A study of large scale survey data from Ghana and Nigeria 

[Electronic version]. Joournal of Biosocial Science, 32. 47-61. 

Alam, N., Wojtyniak, B., Henry, R. J., & Rahaman, M. M. (1989). Mothers’ Personal 

and Domestic Hygiene and Diarrhoea Incidence in Young Children in Rural 

Bangladesh [Electronic version]. International Journal of Epidemiology, 18(1), 

242-247. 

Alberini, A., Eskeland, G. S., Krupnick, A., & McGranahan, G. (1996). Determinants 

of Diarrheal Disease in Jakarta [Electronic version]. Policy Research 

Dissemination Center, World Bank, 1-33. 

Arif, G. M., & Ibrahim, S. (1998). Diarrhoea Morbidity Differentials among Children 

in Pakistan [Electronic version]. The Pakistan Development Review, 27(2), 1-

26. 

Ashbolt, N. J. (2004) Microbial contamination of drinking water and disease outcomes 

in developing regions [Electronic version]. Toxicology, 198(2004), 229-238. 

 60



Asian Development Bank (2007). Best Practices in Water Supply and Sanitation.  

Retrieved March 20, 2009 from www.adb.org. 

Asian Development Bank (2009).  Getting Sanitation on Track. Retrieved March 22, 

2009 from www.adb.org. 

Bennet, D. (2007). Clean Water Makes You Dirty: Water Supply and Sanitation 

Behavior in Metro Cebu, the Philippines. Retrieved June 1, 2008 from 

www.econ.brown.edu. 

Boadi K. O., & Kuitunen, M. (2005, March 1). Childhood diarrheal morbidity in the 

Accra Metropoltican Area, Ghana: socio-economic, environmental and 

behavioral risk determinants. Journal of Health &Population in Developing 

Countries. Retrieved June 1, 2008, from http://www.jhpdc.unc.edu 

Boschi-Pinto, C., Velebit, L, & Shibuya, K. (2008). Estimating child mortality due to 

diarrhoea in developing countries: a meta-analysis review [Electronic version]. 

Bulletin of the World Health Organization, 86(Article DOI: 

10.2471/07.050054) 

Brooks, J. T., Shapiro, R. L., Kumar, L., Wells, J. G., Phillips, P. A., Shing, Y., et al. 

(2003). Epidemiology of Sporadic Bloody Diarrhoea in Rural Western Kenya 

[Electronic version]. American Journal of Tropical Medicine and Hygiene, 

68(6), 671-677. 

 61



Bukenya, G. B., & Nwokolo, N. (1991). Compound Hygiene, Presence of Standpipe 

and the Risk of Childhood Diarrhoea ni an Urban Settlement of Papua New 

Guinea [Electronic version]. International Journal of Epidemiology, 20(2), 

534-539. 

Buttenheim, A. M. (2007). Hygienic Latrine Use and Child Wasting in Urban 

Bangladesh. California Center for Population Research, 22(7), 1-53. 

Butz, W. P., Habicht, J., & DaVanzo, J. (1984). Environmental factors in the 

relationship between breastfeeding and infant mortality: The role of water and 

sanitation in Malaysia [Electronic version]. American Journal of Epidemiology, 

119(4), 516-525. 

Cotton, Andrew (2004).  Will it cost the Earth? An overview of cost estimates for 

achieving the water and sanitation targets of the Millennium Development 

Goals. Retrieved March 20, 2009 from www.lboro.ac.uk/well/resources/ 

Publications/Briefing%20Notes/BN%20Will20it%20cost%20the%20earth.htm. 

Curtis, V., Kanki, B., Mertens, T., Traoré, E., Diallo, I, Tall, F., et al. (1995). Potties, 

Pits and Pipes : Explaining Hygiene Behaviour in Burkina Faso [Electronic 

version]. Social Science and Medicine, 41(3), 383-393. 

Dikassa, L., Mock, N., Magnani, R., Rice, J., Abdoh, A., Mercer, D., et al. (1993). 

Maternal Behaviour Risk Factors for Severe Childhood Diarrhoeal Disease in 

 62



Kinshasa, Zaire [Electronic version]. International Journal of Epidemiology, 

22(2), 327-333. 

Esrey, S. A., & Habicht, J. (1988). Maternal literacy modifies the effect of toilets and 

piped water on infant survival in Malaysia [Electronic version]. American 

Journal of Epidemiology 127(5), 1079-1087. 

Esrey, S. A., Potash, J.B., Roberts, L., & Shiff, C. (1991). Effects of improved water 

supply and sanitation on ascariasis, diarrhoea, dracunculiasis, hookworm, 

infection, schistosomiasis, and trachoma [Electronic version]. Bulletin of the 

World Health Organization, 69(5), 609-621. 

Feachem, R. G. (1986). Preventing diarrhoea: what are the policy options? [Electronic 

version]. Health Policy and Planning, 1, 109-117. 

Gascón, J., Vargas, M., Schellenberg, D., Urassa, H., Casals, C., Kahigwa, E., et al. 

(2000). Diarrhea in Children under 5 Years of Age from Ifakara, Tanzania: a 

Case-Control Study [Electronic version]. Journal of Clinical Microbiology, 

38(12), 4459-4462. 

Ghana Statistical Service, Noguchi Memorial Institute for Medical Research, and ORC 

Macro (2004). Ghana Demographic and Health Survey 2003. Retrieved June 1, 

2008 from www.measuredhs.com. 

 63



Ghana Ministry of Finance (2009). Poverty Measures and Progress with MDGs: Press 

Briefing on 2009 Budget Statement. Retrieved March 20, 2009 from 

www.mofep.gov.gh. 

Gorter, A. C., Sandiford, P., Smith, G. D., & Pauw, J. P. (1991). Water Supply, 

Sanitation and Diarrhoeal Disease in Nicaragua: Results from a Case-Control 

Study [Electronic version]. International Journal of Epidemiology, 20(2), 527-

533. 

Gundry, S., Wright, J., & Conroy, R. (2004). A systematic review of the health 

outcomes related to household water quality in developing countries [Electronic 

version]. Journal of Water and Health, 2(1), 1-13. 

Gyimah, S. O. (2003, November 13). Interaction Effects of Maternal Education and 

Household Facilities on Childhood Diarrhea in sub-Saharan Africa: The Case 

of Ghana. Journal of Health & Population in Developing Countries. Retrieved 

June 7, 2008, from http://www.jhpdc.unc.edu 

Halperin, D. (2008, January 2). Putting AIDS in perspective; The other health crisis.  

The International Herald Tribune. Retrieved June 17, 2008, from 

http://www.lexisnexis.com 

Hoque, A. K. M., & Worku, Z. (2005). The cholera epidemic of 2000/2001 in 

Kwazulu-Natal: Implications for health promotion and education [Electronic 

version]. Health SA Gesondheid, 10(4), 66-74. 

 64



Jalan, J., & Ravallion, M. (2003). Does piped water reduce diarrhea for children in 

rural India? [Electronic version]. Journal of Econometrics 112(2003), 153-173. 

Jensen, P.K., Jayasinghe, G., van der Hoek, W., Cairncross, S., & Dalsgaard, A. 

(2004). Is there an association between bacteriological drinking water quality 

and childhood diarrhoea in developing countries? [Electronic version]. Tropical 

Medicine International Health, 9(11), 1210-1215. 

Knight, S. M., Toodayan, W., Caique, W. J. C., Kyi, W., Barnes, A., & Desmarchelier, 

P. (1992). Risk Factors for the Transmission of Diarrhoea in Children: A Case-

Control Sutdy in Rural Malaysia [Electronic version]. International Journal of 

Epidemiology, 21(4), 812-818. 

Mbonye, A. K. (2004). Risk Factors for Diarrhoea and Upper Respiratory Tract 

Infections among Children in a Rural Area of Uganda [Electronic version]. 

Journal of Health, Population, and Nutrition, 22(1), 52-58. 

Medact (2008). Global Health Watch 2: An Alternative World Health Report.  

Meddings, D. R., Ronald, L. A., Marion, S., Pinera J. F., & Oppliger, A. (2004). Cost 

effectiveness of a latrine revision programme in Kabul, Afghanistan [Electronic 

version]. Bulletin of the World Health Organization, 82(4), 281-289. 

Mertens, T. E., Jaffar, S., Fernando, M. A., Cousens, S. N., & Feachem, R. G. (1992). 

Excreta Disposal Behaviour and Latrine Ownership in relation to the Risk of 

 65



Childhoos Diarrhoea in Sri Lanka [Electronic version]. International Journal of 

Epidemiology, 21(6), 1157-1164. 

Semenza, J. C., Roberts, L., Henderson, A., Bogan, J., & Rubin, C. H. (1998). Water 

distribution system and diarrheal disease transmission: A case study in 

Uzbekistan [Electronic version]. American Journal of Tropical Medicine and 

Hygiene, 59(6), 941-946. 

Shier, R. P., Dollimore, N., Ross, D.A., Binka, F. N., Quigley, M., & Smith, P. G. 

(1996). Drinking water sources, mortality and diarrhoea morbidity among 

young children in Northern Ghana [Electronic version]. Tropical Medicine 

International Health, 1(3), 334-341. 

Sory, Elias (2009). Sanitation thwarts MDG’s efforts. Retrieved March 20, 2009 from 

www.worldbank.org/ghana. 

Sur, D., Manna, B., Deb, A. K., Deen, J. L., Danovara-Holliday, M. C., von Seidlein,  

L., et al. (2004). Factors Associated with Reported Diarrhoea Episodes and  

treatment-seeking in an Urban Slum of Kolkata, India [Electronic version].  

Journal of Health, Population and Nutrition, 22(2), 130-138. 

Tonglet, R., Isu, K., Mpese, M., Dramaix, M., & Hennart, P. (1992). Can 

improvements in water supply reduce childhood diarrhoea? [Electronic 

version]. Health Policy and Planning, 7(3), 260-268. 

 66



Tumwine, J. K., Thompson, J., Katua-Katua, M., Mujwajuzi, M., Johnstone, N., Wood, 

E., et al. (2002). Diarrhoea and effects of different water sources, sanitation and 

hygiene behaviour in East Africa [Electronic version]. Tropical Medicine and 

International Health, 7(9), 750-756. 

United Nations Children’s Fund (2006). Ghana’s Integrated Child Health Campaign. 

Retrieved March 25, 2009 from www.unicef.org. 

United Nations Children’s Fund (2007, December). The State of the World’s Children 

2008. Retrieved June 17, 2008, from www.unicef.org 

The United Nations Millennium Campaign (2009).  Retrieved March 20, 2009 from 

http://endpoverty2015.org/child-healthnews/2008-international-year-sanitation-

begins/03/jan/08.   

VanDerslice, J., & Briscoe, J. (1995). Environmental Interventions in Developing 

Countries: Interactions and Their Implications [Electronic version]. American 

Journal of Epidemiology, 141(2), 135-144. 

VanDerslice, J., Popkin, B., & Briscoe, J. (1994). Drinking-water quality, sanitation 

and breast-feeding: their interactive effects on infant health [Electronic 

version]. Bulletin of the World Health Organization, 72(4), 589-601. 

Victora, C. G., Olinto, M. T. A., Barros, F. C., & Nobre, L. C. (1996). Falling diarrhea 

mortality in Northeastern Brazil: did ORT play a role? [Electronic version]. 

Health Policy and Planning, 11(2), 132-141. 

 67



Victora, C. G., Smith, P. G., Vaughan, J. P., Nobre, L. C., Lombardi, C., Teixeira, A. 

M. B., et al. (1988). Water Supply, Sanitation and Housing in Relation to the 

Risk of Infant Mortality from Diarrhoea [Electronic version]. International 

Journal of Epidemiology, 17(3), 651-654. 

Victora, C. G., Smith, P. G., Vaughan, J. P., Nobre, L. C., Lombardi, C., Teixeira, A. 

M. B., et al. (1989). Infant Feeding and Deaths Due to Diarrhea [Electronic 

version]. American Journal of Epidemiology, 129(5), 1032-1041. 

Wijewardene, K., Fonseka P., & Wijayasiri W. A. (1992). Risk factors contributing to 

acute diarrhoeal disease in children below five years [Electronic version]. 

Ceylon Medical Journal, 37(4), 116-119. 

World Bank (2004). The World Bank Group’s Program for Water Supply and 

Sanitation. 

World Bank (2009a). Sanitation and Hygiene.  Retrieved March 20, 2009 from 

http://web.worldbank.org/WBSITE/EXTERNAL/TOPICS/EXTWAT/0,,conten

tMDK:21630634~menuPK:4618367~pagePK:210058~piPK:210062~theSiteP

K:4602123,00.html. 

World Bank (2009b). Ghana To Receive Up To US $1.2 Billion In Interest-Free Loans 

From The World Bank Over The Next Three Years.  Retrieved March 25, 2009 

from www.worldbank.org/ghana. 

 68



 69

World Health Organization and UNICEF Joint Monitoring Program for Water Supply 

and Sanitation (2005).  Water for Life: Making it Happen.  

World Health Organization (2004). Evaluation of the Costs and Benefits of Water 

and Sanitation Improvements at the Global Level. Retrieved March 25, 2009 

from www.who.int. 

World Health Organization (2009). Exclusive Breastfeeding. Retrieved March 25, 

2009 from www.who.int. 

 


	Water Quality
	Source versus Point-of-Use Water Quality
	Water Quantity
	Sanitation Infrastructure
	Other Factors
	Gaps in the Available Literature
	Recommendations for the Donor Community
	Recommendations for the Government of Ghana

