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This report is based on a presentation at the Demographic and Health Surveys World 
Conference, which was held in Washington, D.C. on August 5 - 7 ,  1991. As with the other 
presentations at that conference, the analysis presented here is b e d  on data collected in 
one of the country-wide Demographic and Wealth Sumeys pH§). The DHS Project cc~9ldcscts 
nationally representative sunteys of women between the ages of 15 and 49 years, with 
sample sizes ranging from 3,000 to 18,QOO respondents. Under DHSI, 34 sunteys were 
conducted in 29 countries; far DHS-II, an additional 25 surveys are planned. The purpose 
of the DMS Project Is to assist developing countries in conducting surveys on population and 
health providing Information for policy and program dec i s ion-d~ lg  and for scientific 
research. 

The objectives of this analysis are twofold. First of all, we are interested in understanding 
better the relationship between water supply, sanitation, and health. The general relationship 
between improved water supply and sanitation (WS8sS) and improved health is well 
established. The key issues at this point are how to maximize the health hefits sf W S S .  
With this in mind, three hypotheses are developed relating to the relative health benefit of 
improved sanitation vs. improved water supply, urban-rural differences in the health benefits 
of improved WS&S, and community coverage m. individual access to sanitation. These 
hypotheses are examined to provide guidance to the policymaker, programmer, and project 
manager when decigning , implementing, monitoring, a d  dusting W S S  programs and 
projects. 

Secondly, we wished to examine the suitability of DHS data sets for W%S and health 
analyses. Indicators (of health status and WS&S service are discussed, both in general terms 
and in terms of availability and quality of data available in the DHS data sets. Both the 
strengths and limitations of DHS data are examined and suggestions for modifying and 
improving WS&S data collection are offered. 

There are two primary audiences for this report. One audience is policymakers and program 
planners in W S S  who wish to maximize the health benefit sf W!%zS programs and 
projects. A second audience is those who work with DHS data, both as collectors and users 
of h e  data. In addition, this report shouM be of interest to those more generally Interested 
in perfomiq or interpreting analyses of the relationship between W§&S and health. 
Finally, this report should be of interest to those who are involved in the technical issues of 
analysis of survey data collected by cluster sampling, particularly those interested In the 
analysis of cmmity-level variables. 



W(ECWTIW SUMMARY 

The health benefits of improved water supply and sanitation ( W S S )  sedces have been well 
established. They include improved nutritional status of children, decreased morbidity and 
mortality due to diarrhea, decreases in morbidity and mortality of other WS&$-related 
diseases, and overall decreases h infant and child mortality. At present, it is estimated that 
worldwide (not including China), about 1 billion people lack access to safe water supplies, and 
about 2 billion to adequate sanitation facilities. In terms of coverage, aural sewices lag behind 
urban services and sanitation services lag far behind water sedces. Recognizing that 
resources for addressing these needs are limited, infomtiom abut the relative health 
benefits of different types of W S S ,  levels of sewice, a d  how these differ in urban and rural 
settings to program and policy persomeel is important in setting priorities. This analysis 
examines three hypotheses important to policy makers: (1) improved sanitation, defined as 
sanitary disposal of feces, is more strongly associated with Improved child health tRan is 
improved water supply; (2) Improved sanitation is more strongly associated with Improved 
child health in urban settings than in rural settings; and, (3) community measures of sanitation 
are better indicators of child health risk than is individual access to improved sanitation. 

The data used in this analysts, gathered under the Demographic and Health Surveys (DHS) 
Project, are from the 1987 DHS survey in Guatemala. Respondents for the survey were 
5,160 women between the ages of 15 and 44 years. A chiid level file was created including 
2,008 children between 6 and 36 months of age with anahropometric measurements. 

An analysis was performed of the association of stunting in children an8 Individual access to 
water mcl sanitation senrice. A multivariate model was designed controlling for age of child, 
sex of child, age of mother, education of mother, Wrth order, breastfeeding, and articles 
own&. All analyses were stratified by urbanimral areas. A variable representing the 
community (cluster) level of sanitation was created and assigned to each child who lived in 
the cluster. risks of stunting associated with the cluster d individual level of sanitation 
were compared. Individual access to improved water and sanitation service was associated 
independently witfa a lower risk of stunting in children. The relative odds ratios for stunting 
in urban areas were 1.79 in children without access to in-house piped water and 1.87 for 
those without access to a toilet. Rural findings were similar *with relative odds ratios of 1.33 
and 2.21 respectively. Low community level of sanitation was associated with a higkr risk 
of stunting than was lack of individual access to a toilet. 

These results support the condusiom tihat improved water and sanitation services are 
important :'ntementioris for fmproving cMId health in bth urban and rural environments. 
There is an apparent, though not statistically significant;, greater association between child 
health and sanitation services with water supply. Improved sanitation appears to h as . 
or more strongly associated with hproved health in the PwaS setting than in the urban 
setting in this analysis. The m e t  Important finding in this analysis Is the association ~f duster 



or community level of sanitation with health outcomes. This finding is plausible, even 
expected, when it is realized that how eveyone else in the community disposes of feces is 
of primary importance to an Indvidual's health. Of special interest is the finding that children 
living in a community with a high level of sanitation coverage have the same low risk of 
stunting whether or not they Rave individual access to a toilet. 

From a program and policy point of vim, these findings haw several implications. First of 
all, sanitation should receive the same degree of attention and resources as water supply in 
a water and sanitation program hat  expects to improve health. Second, there are apparently 
no settings where the primacy of sanitation in producing h d t h  benefits does not apply, at 
least no such setting was found within the limitations of this dysis .  Thirdly, in order to 
maximize the health benefit of sanitation impmvements, the most important goat and 
evaluation indicator is not improved individual level of service, but reaching an improved 
community level of sanitation so that at least 75% of the csmmuafty has access to adequate 
sanitation services and uses them properly. 

Finally, it must be remembered that this analysis focuses on the health benefits associated 
with improved water supply and sanitation. In practice, water supply and sanitation programs 
and projects must also consider other factors that affect the feasibility and long-term 
sustainability of the program. These include issues such as cost, choice of technology, 
community organization and participation, and resource availability. Health benefits in the 
long term depend not only on initial design, coverage, and usage, but also on the long-term 
sustainability of the program. 



Chapter 1 

BACKGROUND AND RATIONU 

1.1 Water Supply, Sanitation, and Health 

The health benefits of improved water supply and sanitation services (WS&S) have been well 
established and documented (McJumkin 1982, Erey and Wabicht 1986, Esrey et al. 1990). 
Specific health benefits documented in recent literature include improved nutritional status 
of children (Hen y 1981, Hebert 1985, h e y  et al. 1988, Bertrand 1988, Rutstein and 
Sommerfelt 19891, dec reed  morbidity and mortality due to diarrheal disease, decreased 
morbidity due to intestinal helminths, decreased guinea worn disease, decreased 
schistosorniasis, and decreased trachoma, as well as a dramatic effect on child survival ( k e y  
et al. 1990). The results of this most recent review of the health benefits of WS&S are 
summarized in Table 1.  

Table 1 

Au S~UDES B ~ R  STUDIES 

NO. MEDIAN -- MEDIAN RANGE -- 
DIARRHEAL DfsEASES 
. MORBIDIIY 

29% 15%-83% 
GUMEA W ~ M  78% 75%-81% 

S c ~ s o M l A s S  7796 59968796 

OVERALL lMPACT 
ON CHtD MORTALW 55% 209b-82% 

SOURCE: E~REY €'I AL (1990). 

* INMATES MBRBID~ R W C ~  UNLESS NOTED OTMWE. 

" THEBE WEH NO  BETTER^ S1V31ES. 

WS&S promotes i rnpr~vd health through several m c h a n f m .  Clean water prevents the 
spread of waterborne diseases, sue! as common diarrheas and the classic waterborne 
disease, cholera. Increased quantity and access to water provides the opportunity to improve 
hygiene, such as washing hands and cooking utensils, and prevents the direct spread of 
pathogens through contamination of food, water, and other objects, e.g., Rands, that may 
be put in the mouth. lmproved WWS may l a d  to decreased contact with unsafe, 



unimproved water sources and prevent health problems such as schlstosomiasis and 
drownings. Water-based disease vectors m y  be controlled by improving water sources and 
eliminating breeding sites of insects that carry a variety of diseases, including dengue and 
malaria. 

The importance of sanitation in preventing disease is often underestimated and understated. 
In fact, if a perfect system sf sanitation and contr~l of fecal contamination were possible, 
most water-related diseases would be eliminated. Some sanitation-related diseases, however, 
such as hookworm and ~-8rongyloidiasis, are unlikely to decrease in the presence of improved 
water supplies. In order to reap the potential benefits of WS&S, effective health education 
and appropriate hygiene behavior change must take place. 

At present, not counting China, an estimated one billion people lack access to safe water 
supplies, and an estimated two billion lack access to adequate sanitation. Estimates of 
developing-world coverage of water and sanitation, by region and urban/rural areas, are 
presented in Table 2. Clearly rum1 coverage lags behind urban coverage for both water and 
sanitation, and sanitation coverage iags far behind water coverage in both urban and rural 
settings. 

Table 2 
r 1 

Evolutior-i 3; -Water and Sanitation Coverage Percentages 
By Region, 1980 and 1990 

Water Sanitation 

Rural U h  R d  U h  

Africa 22 29 83 74 18 19 67 74 

Latin America 
and 41 51 83 88 11 21 74 82 
the Caribbean 

Asia and the 
Pacific 3 1 57 66 69 13 13 42 44 

Middle W 51 56 95 lsG9 34 15 79 100 

GioM Totals 30 50 75 77 14 f 5 58 63 

Source: UNICEF 1989. 



Program and Policy Issues 

It is clear that improved WS&S will promote improved health in situations in which 
inadequate services exist. Recognizing that resources for addressing these needs are limited, 
the next logical step is to determine the health benefits of specific types and levels of WS&S 
senrice in order to inform decision makers about expected health benefits. Thb analysis will 
examine three issues relevant, to policy decisions bawd on the health impact sf improved 
water supply and sanitation: improved snitation versus improved water supply, urban and 
rural differences regarding improved sanitation, and community versus individual access to 
sanitation. 

The first issue is the relative weight or emphasis given to different aspects of W S S .  There 
are four distinct WS&S components: water quality, water quantity and access, sanitation, and 
hygiene behavior change. A11 of these are important and the best projects will include all 
componer~ts. Nonetheless, all components are not equally emphasized, when present, and 
decisions hwe to be made about the relative priority (investment) in the various WS&S 
components. Review of the literature shows an overall greater decrease in diarrheal disease 
in children with improved sanitation (a 36 percent decrease) than with improved water 
supplies (a 17 percent decrease) (Esaey et al. 1990). This finding is based on vey few studies 
but is not surprising, since adequate sanitation, i.e., adequate disposal of feces, is the primay 
barrier to fecally transmitted diseases (bteman 1 991). Nonetheless, access to adequate 
sanitation lags far behind access to adequate water supplies (Table 2). In terms of health 
benefits, therefore, it appears that increased emphasis should be given to sanitation. 

Second, there may be important urban/rurd differences in the relative health benefits of 
improved water supply and sanitation. Areas in which such data are available are childhood 
diarrhea and environmental contamination: Enviromentai fecal contamination is high and 
childhood diarrhea rates at least as high in perf-urban slum as in rural settings (Lopez de 
Romana et al. 1989, Schorling et al. 1990). In crowded urban settings, when sanitation Is 
inadequate, fewer opportunities exist for people to defecate away f r ~ m  others than in rural 
settings. Therefore, sanitation would appear to be a more critical investment in areas of 
crowding, such as peri-urban shantytowns, than in more dispersed rural settings. 

Finally, and related to the two issues above, the community level of sanitation may be more 
important than individual access to sanitation. For the transmission oi vial  and bacterial 
diseases, the feces of an individual are not $angerous to that same individual. Rather, it is the 
ill netghbr who m y  transmit disease to an uninfected person. In practical terms, the critical 
measure of sanitation from the point of view of invididual health is the level of sanitation of 
all of the other individuals in a community. If the community level of sanitation is the key 
measure of sanitation setvice for achieving health benefits, the appropriate measure of 
sanitation for program design and evaluation purposes is not the number or proportion of 
individuals with access to improved sanitation but, rather, the num*wr or proportion of 



communities with a high !we1 of improved sanitation service and appropriate usage of those 
services. 

'1.3 Specific Hypotheses 

Based on the policy issues discussed above, three testable hypotheses are formulated: 

1. Improved sanitation, defined as sanitary disposal of feces, is more 
strongly associated with improved health than is improved water 
SUPP~Y. 

2. Improved sanitation is more strongly associated with improved health 
in urban sttings than in rural settings. 

3. Community measures of sanitation are better indicators of health risk 
than is individual access to improved sanitation. 

These hypotheses will be tested using data from h e  Demographic and Health Suxveys (DHS. 
The analysis will focus on child health and the choice of ~ r i a b l e s  will conform to the 
constraints of the DHS data set. 



Chapter 2 

METHODOLOGY 

Data 

?)re data used in this analysis were gathered under the Demographic and Health Surveys 
(DMS) Project. DHS conducts nationally representative sunreys of women between the ages 
of 15 and 49, with sample sizes ranging from 3,000 to 10,000 respondents. Under DHS-I, 
34 surveys were conducted ifi 23 countries; for DHS-11, an additional 25 suweys are plarlned. 
For the majority of countries, data are collected on fertility and chil&o& naortalily levels, use 
of famfly planning, breast feeding, various m a t d  and child health indicators, 
anthrogornety, and socioeconsmic characteristics. The purpose of the DHS Prroject is to 
assist developing countries In ccanducting surveys on popubtion and health, providing 
information for policy and program decisi~n making and for scientific research. 

For the proposed analysis a county's data set needed to satis% certain criteria. First, at least 
25 percent of the total population had to be urban to allow for ~~rd/urban comparisms. 
Second, it was necessary to have ar.'rs.ropsmetri for children (20 of the 29 countries 
surveyed under DHS-I gathered anthropornetrics). Third, some variance in the kvrl of water 
and sanitation services in the urban and rural settings was necessary to make comparisons 
of their effect. 

The dab  set from G~iaiemala met the necesaqr criteria. The data were gathered in 1987 
under the Guatemala-Encuesta Nacional de Salud Materno lnfcantil. The survey was 
conducted by INCAB, with technical ass!sbnce from the DFS staff. 

The sample design Included the entire coumhy, with the exception of the Ed Petan region, 
which was 2xcluded because of haccesibir!t~ a d  because it contained only: 2 perter,; of the 
national popdation. The sample was designed to allow inference at three levzis: national, 
regional, and urban/mrral strata. Tne sampling frame *ms adapted from the 
"'Sociodemogmphi~, Questionnaire," a1s8 performed in 1987. The counby was divided into 
16 sections. Within each sectior- a turo-stage cluster sampling procedure was followed. In the 
fist stage, census tracts (clusters) of approxinately 100 households were selected 
sptemticaily and w?%s a probbiliP9 of selection prqmrMond to size based on the 1981 
census. In the second stage, iridividual households were selected ta respond to the 
questionnaire. The expected number of geleded households per cluster was 20 households 
in urban areas and 40 househdds in rural areas. The actual mean size of the dusters selected 
was 150 households (mnge 62 to 261). A total of 240 clusters were selectea, 118 urban and 
122 rural, with a mean sf PI resporlsdem per urban daster anel 28 respondents per rural 
duster. 



Respondents were 5,160 women between the ages of 15 to 44. Data were collected from 
each woman on various topics, including a complete birth history, health information on her 
children under 5 years of age, and anehropometrfc measurements of her chiidren between 
the ages of 3 and 36 months. The data file constructed for this analysis is a child level file, 
i.e., each record is a child with the mother's information attached. 

Inelusion criteria for this analysis were live children, 6 to 36 months of age at the time of the 
questionnaire, who had height measured and age recorded. Exciuded from analysis were 
children who were twins, children not currently residing in the mother's (respondent's) home, 
children whose mother (respondent) who was a visitor in the current household, and families 
fiat had changed residences since the child's birth. Also excluded were children who lived 
in a cluster containing a total of less than dour children under 5 years of age. Of a total of 
2,198 cMdren meeting the inclusion criteria, 190, or $.6 percent, were excluded based on 
the above criteria. 

2.2 Variable Selection and Definitions 

2-2.1 indicators of Health Status 

Three measures of child health are available in this data set: diarrhea prevalence, nutritional 
status, and mortality. The relationships between these three measures and WS&S are 
illustrated in Figure 1. Note that this d e l  is extreme in its simplification and exciudes 
factors other than WS&S that are associated with infant and chiklhood diarrheal disease, 
nutritional status, and mortality. Also not represented are other paths of association between 
WS&S and child health. 

Figure 1 

Relationship Between Water Bnd Sanitation 
and Child Health Outcomes 

Diarrhea prevalence in children was measured as 24-hour and 2-week recall by the 
mother. There are several advantages of using diarrhea prevalence as an indicator of heaith 
status. There is a direct relationship between improved 72S&S and diarrhea prevention. 
Diarrhea is an acute disorder reflecting environmental risks at the time of the diarrheal 



episode. Both diarrhea and environmental variables are measured at the same time. There 
are also severai A,!sadvantages to using diarrhea prevalence as a measure of child health. 
Diarrhea prevalence is collected by one-time recall of the mother; therefore, errors in recall 
are likely to be hrge. "Diarrhea" is not defined by the intendewer; imtad the mother 
responds based on her otm definition. The "diarrhea" redled is likely to wary from mother 
to mother and culture to culture, and probably with social and educational level. Thore is, in 
addition, a general limitation of using diarrheal disease prevalence in a crosssectionai study 
for risk-factor analysts. A survey of diarrhea prevalence divides children into two groups: 
those with and those without diarrhea. In reality, howwer, there is a spectrum of diarrhea 
risk in children from those with very low rates of diarrhea to hose with very high rates. 
When two groups are formed based on the prevalence of diarrhea in one period, there will 
be misclassification, with some "low diarrhea" children having diarrhea during he period and 
a large proportion of "high diarrhea" children being d h n h - f r e e  duri~g the perid. 

Infant mortality is a common measure of infant health status. Disadvantages of using infant 
mortality as a mpsure include the following: classification of deceased infants, although 
based on history, is subject to problem of recall and truthfulness; diarrhea and associated 
water- and sanitation-related problems are only one cause sf mortality and are associated 
with about 23.8 percent of infant mortality in Guatemala (PAHO 1990); sample size may 
be problematic since infant mortality is a relatively infrequent event; and potential problems 
m a y  arise with the level of service changing over time. Additionally, in infant deaths during 
the past five years, some infants were exposed to a different environment from that described 
at the time of the questionnaire. Misclassification of the environmemtai factors such as water 
and sanitation senrices, may occur if they have changed in the tntetvening perid. 

Nutritional status is measured in a survey by three anthropometric indices: weight far age, 
height for age, and weight for height. 06 these, height for age and weight for age are best 
for identifying medium- and long-term influences on growth, such as water and sanitation 
services in the home (Bairagi 1987). There are several advantages to using nutritional status 
as an outcome measure for analysis of health benefits. First, it is an objective measurement 
that does not depend on recall, interpretation, truthfulness, or other pitfalls of responses to 
questions. Second, long-term measures, especially height for age, reflect the environment of 
the child since birth rattler than a single short-term effect resulting in an episode of diarrhea 
or death. Low height for age reflects long-term experience with diarrhea, an effect that has 
been well described (Lutter et al. 1983, Henry et a!. 1987, Matorell 1975). The disadvantage 
of using anthropometrics is that the determinants of nutritional status are not restricted to 
diarrhea history, but include other factors, particularly caloric intake. 

While the discussion of the precise relationship between diarrhea and nutritional status 
conthues, it is clear ba t  diarrhea incidence and growth retardation are closely associated 
under a ~ r i e t y  of circumstances (Briend 1990). The circumstances in which nutritional status 
will most closely reflect diarrhea history are those in which the burden of diarrhea is high and 



f w d  availability Is not unusually limited as in famines or near famines. These conditions are 
met in Guatemala. 

2.2.2 Definition of Outcome Variable 

Stunting-An&ropmetrics on children between the ages of 6 and 36 months were 
analyzed. Heights were taken by Raving the children lie down on a specially constructed 
measuring board. A child was considered dunted if the recumbent length for age was more 
then two .standard deviations below the NCHS/WHO reference median. 

2.2.3 Indicators of Water and Snitartion Level of M c e  

The combination of four indicators describes water arwl sanitation services: water quality, 
water quantity, sanitation, and hygiene behavior. 

Water quality is the degree to which water is free of contamination from bacteria, viruses, 
and parasites. Microbiologic quality of water is typically determined by culturing water for 
indicator bacteria. Water source. is the most common proxy for water quality. 

Water quantity is the volume of water used for personal and domestic needs, measured in 
liters per capita per day. Water quantity m y  be measured using water meters, rnorlitortng 
household water tanks, self-reporting, or direct observation. A common proxy for water 
quantity used is distance to the water source, though the relationship between distance and 
quantity used is not always clear (Mertens et al. 1990, White et al. 1972, Feachem et al. 
1978, Cairncross 1987). 

Sanitation refers to the sanitay disposal of human feces, typically in a flush toilet or hblne. 
Adequate sanitation means the sanitary disposal of the feces of family members of all ages 
all of h e  time. Methods of measuring sanitation include self-reportiw, dfrect observation 
(unusual), and observation of proxies, such as level of feces in latrines, growth of grass on 
the path to the iaMne, and so on. The presence of a physical facility is commonly used as 
an indicator of sanitation, but may not correlate well with actual use. 

Hygiene behavior refers to water- and sanitation-related behaviors. This is the k t  
indicator of water and sanitation because It measures actual usage. Various anthropological 
techniques and self-reporting are used to record hygiene behawior. The presence of physical 
services, such as a public: standpipe or latrine, is o h  assumed to represent associated 
hygiene behaviors, though this is dearly not h e  in many cases. 

2.2.4 Definitions of Water and Sanitation Variables 

Water-Each respndent was asked this question: " W t  is the principal source of drinking 
water that is u r d  by members of this household?'Raesponses were divided into three 



categories: piped in-house, publrc standpipe, and non-piped sources, which include wells, 
rivers, streams, springs, trucked water with storage tank, and rainwater. 

Sanitation-Each respondent urns asked, 'What kind of sanitary services does this house 
have?" Responses were chided into three categories: flush toilets, latrines, and no facilities. 

Cluster level of sanitation-Sanitation was redefined as a dld~otomous variable coding 
a child as (0) if a Wush toilet was present or (1) if no flush toilet was present. For each cluster 
an average level of sanitation was calculated for the children under five living in that duster. 
The duster level was hm coded (O), "high ievel of sanitation," if 75 percent or more of the 
chfidren in the cluster had a flush toilet. The duster level was coded (I), "low level of 
sanitation," if less then 75 petcent of the children in the duster had a flush toilet. Each child 
was assigned a d u e ,  0 or 1, for the level of sanitation in the duster in which he or she lives. 
The optimal cutoff Ievel for low or high level of sanitation was d e t m i n d  during exploratory 
analysis. Relative odds ratios were calculated separately for each of 21 cutoff points (0 to 
100 percent sanitation in the duster, in 5 percent increments) and the cutoff level with the 
hihest relative d& ratio, 75 percent, was chosen. 

Interaction of cfuster and Individua1 levels of sanitation-TO analyze the interaction 
between the duster level of senrfce and the individual level of sewice, a variable with fstrr 
categories was created. The! four groups consisted of (1) &Wren who live in a duster with 
a htg9-n level of sanfatjon and in a household with a flush toilet; (2) children who live In a 
duster with a Iow Ievel of sanitation and in a howhold with a flush toilet; (3) children who 
jive in a duster with a high late! of sanitation and In a hausehold without a flush toilet; and 
(4) children who live in a duster with a low level sf sirnitation and in a household without a 
blush toilet. 

Other detem21taants of naatridowal status, howem or prQbiZble, were included as cmtrob for 
confounding for use in a multivariate model. Qne key determinant, mlorllc intake, had no 
direct measure or proxy available. fhcioeconomk status, represented here by mothers' 
education and artides o d ,  correlates with &ric intake of children in some settings 
(Bairagi 1980). Previous birth intend, coded as a dlchotmos variable of greater than 24 
months or fewer than or equal to 24 months, was Initially lnduded in the model but 
dhinated because of b& of association with stunting. 

Age of chllMhildren between 6 and 36 months were divided into &month age htervals. 

Sex of chZl&-Male cfriDdren were coded (0) and f d e  chfidren (I). 

Ago of mother-Mothers* age was divMed into three categories: lowest through 19 years, 
20 to 35 years ( h e  reference category), and 36 yeaas or more. 



Education of mother-Mothers were grouped Into three categories: no education, primary 
education (c~rnplete or incomplete), and secondary education or higher (the reference 
-tegorv). 

Birth order-Children were grouped into three categories: first born, second through fifth 
born (the reference category), and sixth born or higher. 

Breastfeeding-lf the mother was still breast feeding the child or the mother reported 
having breast fed the child for six months or more the chitd was coded (0). If the mother 
reprted having breast fed the child fewer than six moriths the child was coded (I). Breast 
feeding as used here refers to any breast feeding, exclusive or supplemented. Data on 
exclusive breast feeding were not available in this data set. 

Articles owned-A proxy measure was created for socioeconomic status that included 
ownership of six artides-television, refrigerator, bicyde, motorcycle, car, and tractor. If one 
or more articles were present in the house, the child was coded (0). If none was in the house 
the child was coded (1). 

22.6 Indicator of Urban/Rural Place of Residence 

Urban/ruraE-Race of residence was divided into a dichotomous variable, urban or rural. 
These categosies were used by this survey as defined by the National Bureau of Statlstlcs In 
Guatemala for the 1981 census. The definitions were: 'Urban: All populated centers which 
are officiatly defhed as city, t o w ,  a d  sm!) town" and "Rural: AfE populated centers which 
are oifkialfy defined as village, duster of houses, and open space."No information exists 
&bout how these definitions relate to the size or density of the populated centers. 

2.2-7 Statistical Analysis 

The data were analyzed in three stages and all analyses were stratified by urban~rumaf 
residence, In the first stage, simple frequencies of water and sanitation ievels of service were 
performed. Statistical tests of significance were not perform&. In the second stage, bimriate 
relationships between water and sanitation level of service and the outcome variable, 
stunting, were examined. In the thlrd stage, logistic regression analysts was used to examine 
the relationship of water and sarritation lmi of service while controlling for potential 
r=onfounding wt.i%Mes. flte bet9 parameters of the logistic regression mod& are estimated 
ugfng the m i m u m  I&elihood method. 

In addition to indicators of water and sanitation services, control variables were entered into 
each logistic regression equation. Bhination t @ b i q u e ~  to reduce the number of ~r iabies  
and select the nost parsimonious model were not used. dl variables were included in the 
final model regard)& of sfgniflcance. 



A reference category, the category believed to be associated with the lowest risk of stunting, 
was established for each variable. For dichotomous variables, the reference category was 
coded 0 and the risk category 1, so that calculated relative odds ratios could be interpreted 
as the risk of stunting for children with the risk factor compared with children without the 
risk factor. FOP variables with more than two categories, a reference a t e g o y  was also 
established and every other category was compared directly with the reference category, 
allowing a similar interpretation of the relative odds ratios for categorical variables. 

Ail analyses were performed with SPSf lCt ,  version 4.0. 



Chapter 3 

?'he percentage of children with access to each of the three levels of water service mrted 
between urban and mi areas (Figure 2). A Ngher percentage of children had access to 
water piped hhouse in urban areas (70.9 percent) than in mral areas (35.3 percent), and 
a higher percentage of children had access only to non-piped service in rural areas (51.7 
percent) than in urban areas (17.0 percent). A smEle~ percentage of children had access to 
public standpipes in 'both urban and mral areas (12.1 percent and 13.0 percent, 
respectively). 

INDIVIDUAL LEVEL OF SERVICE - WATER 

CHILDREN 6-36 MQMTHS OF AGE - GLPATEIMAtA 
A 3 

- 
#PEO m-HOUSE WONPIPED 

Avabbfllty of sanibtlorr Mces was also better h urban than in Mal anar (Figure 3). Flush 
toWs were a=hMe to 56.2 percent of urban &!Wen brrt only 5.4 perrent of rural children. 
Ahw half of the aara9 cfiildren (49.3 percent) had no sanitary faeiiities wbtsQever, 
compared with or& 9.8 percent of urban ctddrm. Latrine access was intermediate in both 
cases (urban, 34.8 percent and rural, 45.3 percent). 
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The age distribution of stunting was similar in both urban and rural settings (Figure 4). 
Howevu, the proportion of children stunted is lower In urban children than in rural Mdren 
in each age grouping. Overall, half of urban children were stunted (49.7 percent) and two- 
Phiaclis d rural &Wren were stunted (66.7 wreent). 



Figure 4 

PERCENT OF CHILDREN STUNTED BY AGE 

CHILDREN 6-36 MONTHS Of AGE - GUATEMALA 
900 
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The proportion of children stunted was asssdated with the level sf water d c e  in both 
urtwn and rum1 areas (Figure 5). St~qiflng in children of hous6!Paolds with in-house piped water 
was apparently lower in urban areas than in rural areas (42.9 percent and 60.0 percent, 
respectively). Ttae percentage of d.lfldren stunted was higher in children without individual 
access to piped in-house water. The percentage stunted was similar in urban and rural 
househotds with access to public piped water (98.9 percent and 74.7percent, respectively) 
and in urban and mral households without ace- to piped water ("4.8 percent and 69.9 
percent, rqecaftbely). 

The relationship between stunting and level of water service was examined using a logistic 
regression madel controlling for the child" age aPld sex, mother's age, mother's education, 
birth orckter, breastfeeding Ihistosy, number of aPtldes owned, and Bewe1 of mithntfm wMce 
(Table 3). Piped dn=house water was wed as the reference category in bath urban and rural 
chlldrm. The highest relative odds ratio for stunting is Lra ck11ldren fn hisuseholds that use 
public standpipes far drinkicing water-urban areas, 2.43 (1.09-5.36)bnd mml areas, 1.63 
(1 .Q&2.49). Rebtfve odds ratios of stunting were also grater than 1 in busehdds with non- 
piped water wurce-urban, 1.48 (."92.79) m d  md, 1.27 (.9&1.$9). 

Confidence intern1 is 95 percent. 
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Table 3 

Relative Odds btio of Stunting by 
fnd3ddml Level of Setvice - Water 

Childm 6-36 Months of Age - Guatemala 
Logistic Regression Model 

Wabn Rurd 
P 

Pi*$ In-house 1.0 1.0 

Public Piped 2.43" 1.63t 

1.48 1.27" 

' p s  18 t p r  05 
I d d l  contrcds for ege of child, sex of child, age of mother. ducatton cuf motha, blah d m .  h a s t  fed-.  lor 
m a d ,  and lndMJd k d  of ranitat;on rervkc. 



The independent relative odds ratios of the control variables used in this model are shown 
in TaMe 4. In this table, the reference categories are the categories not shown (also we the 
variable definitions in the "Methodology" section). It is interesting to note the striking effect 
of education in urban areas, with a relative odds ratio of 7.44 for stunting when the mother 
has no education, compared with when the mother has received secondary education or 
higher. 

Table 4 

Relative Odds Ratio of Stunting by 
Control Variables 

Children 6-36 Months of Age - Guatemala 
Logistic Regression Analysis 

{&month intewals) 

Sex of Child Female 

Primary School 

Sixth or higher 

e 6 months 

Articles Owned 

URBAN: n=507,49.7% stunted 

Rural - 



The proportion of children stunted was also associated with the sanitation level 0E sewice 
(Figure 6). Stunting was Ilowcer in children with access to a flush toilet in both urban and nnal 
areas (34.9 percent and 40.0 percent, respectively) when compared ~ 4 t h  t h s e  with access 
to htdnes (urban, 64.9 percent and mi, 66.6 percent) and to those without access to 
sanitary sewices (urban, 77.8 percent and rural, 68.8 percent). 

PERCENT OF CHILDREN STUNT ED BY 
INDIVIDUAL LEVEL OF SERVICE - SANITATION 

CHILDREN 6-36 MONTHS OF AGE - GUATEMALA 

O W B A N  RURAL 

FLUSH TOILET lAtRlNE NONE 

This assadation was also examined in the Icgistic regression model controlling for Oewl of 
water sewice and the variables shown in Table 4. The sWc of stunting was approximately 
doubled in children with household access to latrines in both urban and rural areas (urban, 
1 .90 (1.163.13) and rural, 2.23 (1.24-3.99). The risk of stunting uras increased to a similar 
level in children with no access to sanitary wnrices-urban, 1.75 (72-4.24) and mi, 2.1 l 
(1.15-3.88) (Table 5). 

The levels of water service and sanitation seivice associated with increased risk sf stunting 
are grouped to form dichotomous wt-&bles and presented in Table 6. The independent risk 
of stunting is similar in those wiahwt piped in-house water, 1.79 (1.04 - 3.12), and those 
\WfPhout a flush toilet, 1.$7 (1.15 - 3.40) in urban areas. In rural areas, however, there is a 
lower risk associated with lack of in-house piped water, 1.33 (1.01 - 1.73, compared with 
Ylose without a flush toilet, 2.21 (1.24 - 3.95). There are no statistically significant urban- 
rural differences in risk associated with either water or sanitation senrices. 



Table 5 

Relative Odds Ratio of Stunting by 
E cdHvB4ual Level sf S d e e  - Sanitation 

Children 6-36 Months of Age - Guatemala 
Logistic Regression Model 

t p 5  05 q p 5  01 1 
Model controls for age of child, sex of child, age of mother, education d mother, birth order. breastfeeding, articles 

Table 6 

Children 6-36 Months sf Age - Guatemala 
Logistic Regression Model 

Piped In-house 

Public Pipedmon-piped 

SANITATlON 

Flush Toilet 

No Toilet 
URBAN (nw459) 
RURAL (n- 127 1) 

t p s . 0 5  +pS .O1  
Model controls for age of child, sex of child. age of  mother, education of mother, birth order, breastfeeding, a d  ar~c les  



Community (duster) level of sanitation is generally Mgher in urban than in rural areas. In 
urban areas, 43.0 percent of chfdren live in dusters with a Mgh level of sanitation compared 
with only P .4 percent in mrzl areas. Stunting is associated with community level of sanitation 
(Figure 7).  In dusters w!tl-a a high level of sanitation, defined cs greater than 75 percent of 
children under age five with access to fiush toilets in the cluster, there is a low proportion of 
stunted cl-nlidren in both urban and rural areas (urban, 31.5 percent and rural, 33.3 percent). 
The proportion of children stunted in clusters with low levels of sanitation, defined as less 
Vim '75 percent of children under age five with access to flush toilets, Is high and similar in 
both urban and rural areas (urban, 63.4 percent and rural: 67.1 percent). 

PERCENT OF CHIILDREN STUN? ED BY 
CLUSTER LEVEL OF SERVICE - SANITATION 

CHILOREN 6-36 MONTHS OF AGE - GUATEMALA 

HIGH LOW 

CLUSTER LeVn ff SERWCE - PUlSOI TOILETS 

When exarrsfned in the logistic regression model, the risk of stunting associated Iiviaps 
in a comunity with a low 9mel of =nitatlion was 2.14 (1.32 - 3.47) in urban areas a~*,d 2.95 
(1.01 - 8.32) in rural areas. Low comunity level of sanitation is associated with a greater 
risk of stunting than is the lack of individual access to toilets (Table 7). This difference in 
relative odds ratios is not statistically significant, however. 

The frwtivldual effects of the control variables, individual water supply, and cluster level of 
sanitation on stunting In children in the logistic regression model are summarized in Table 8. 
The risk of stunting is higher for low cluster level of sanitation than for individual level of 
water service in b t h  urban a& rural areas. 



Table 7 

Comparison of Individual and Cluster level of Service 

Children 6-36 Months of Age - Guatemala 
Logistic Regression Madel 

INDMDUAL LEVEL 

URBAN (17-459) 
RURAL (n-1271) 

CLUSTER LEVEL 

URBAN (n-468) 
RURAL (n- 1306) 

t p S .05 ? p S .01 
Model controls for age of child, sex of child, sge of mother, education of mother, birth order, breast feeding, articles 
owned, and individual level of water service. 

There is a lower proportion of stunted children in clusters with a high level of sanitation than 
in clusters with a low level of sanitation both in children with individual access to a flush toilet 
and in those without individual access to a flush toilet (Figure 8). ?Inis interaction of individual 
lwel of service and cluster level of service is further explored in the logistic regression model 
controlling for the control vaeables in Table 4 a d  individual level of water s&ce (Table 9). 
An association similar to that shown in Figure 8 is noted. For children with individual access 
to a flush toilet, those living in a low sanitation cluster have 1.67 (.89 - 3.11) times the risk 
of stunting compared with those living in a high sanitation duster in urban areas and 1.46 
(.44 - 4.86) times the risk in rural areas. More remarkable is the finding that children with 
no individual access to a toilet, but who live in a cluster with a high level of sanitation 
covemge, do not have an increased risk of stunting (relative odds ratio = .99) compared with 
children with individual access to a toilet living in a cluster with a high level sf sanitation 
coverage. This could only be tested in the urban stratum because of an insufficient number 
of children (only one) without a toilet living in a high coverage duster in the rural stratum. 
The highest risk of stunting is in children with no individual access to a toilet who live in a 
duster with a low level of sanitation coverage (urban, 2.58 and rural, 2.99). 



Table 8 
1 

Relative Odds Ratio of Stunting by 
Explanatory Variables 

Children 6-36 Months of Age - Guatemala 
Logistic Regression Analysis 

Age of Child (bmonth intends) 7 T I 
Sex of Child Female 1.17 .79" I 
Age of Mother < 20 yean 1.79 1.38 

z 35 years .84 .81 

Education of Mother NOM 6.21+ 1.23 
~rimary sch001 2.90$ .83 

Birth Order Fist .66 .6St 
Sixth or  higher .91 1.3'7 

Breastfeeding < 6 months .98 1.13 I 
Articles Owned None 1.17 1.64* 

Individual Water -  NO^ piped 1.63* 1.30' 
supply in house 

Cluster Level of LDW 

Sanitation 

URBAN: n=468,49.7% stunted 

RURAL: n- 1306, 66.7% stunted 



Figure 8 

lMTERACTlON OF CLUSTER AND INDIVIDUAL 
LEVEL OF SERVICE - SANITATION 

CHILDREN 6-36 MONTHS OF AGE - GUATEMALA 
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HIGH LOW CLUSTER LEVEL HIGH LOW 

UUWVIOUALS WITH RUSH TOILETS ~BIVIDUA~S WITHOUT FLUSH TOILETS 

Table 9 

Relative Odds Ratio of Stunting by 
Interaction of Cluster and Individual 

Level of Seavice - Sanitation 

Children 6-36 Months of Age - Guatemala 

Rush Toilet High 

- 
tlRBAN (n-459) 
RURAL (n- 127 1) 

'ps.10 tps.05 qpr.01 

Na Totiet H jgh 

No Toljet Low 



DISCUSSION 

Conclusions about the Main Hypotheses 

Both improved water supplies a d  improved sanitation services are associated with improved 
child health, where child health is measured as longitudinal growth in Guatemala. There Is 
an apparent, though not statistically significant, greater risk associated with inadequate 
sanitation "hn witch inadequate water supply (see Table 8). These findings support the first 
hypothesis, that improved sanitation is more strongly associated with improved health than 
is improved water suppay. They also confirm the importance of sanitation in WS&§ 
programs that are focused on health improvements. 

The results of this analysis do not, however, support the second hypothesis, that improved 
sanitation is more strongly asscrchted with improved health in urban settings than in aural 
ones. instead, in this analysis, improved sanitation appears to be as or more stroqly 
associated with improved health in g&e rural setting as in the urban setting. This may be 
explained by the sbsemtioa that, in general, densely inhabited urban areas are not being 
compared with dispersed rural areas, but larger towns and small cities are being compared 
with smaller towns and villages. Also, the urban areas of most interest for this analysis, peri- 
urban shantytowns, were underrepresented in this sample, which was based on relatively old 
census tracts. An adequate test of the hypothesis that sanitation in urban settings Is more 
strongly associated with improved health will require a more rigorous definition of urban, 
peri-urban shantytown, smalier town, and dispersed rural strata to be truly meaningful. 

The third hypothesis, that community measures of sanitation are better indicators of health 
risk than is individual access to improved sanitation, is supported by the findings. The most 
hportant finding in this analysis is the assmiation of cluster or community level of sanitation 
with health outcomes. This finding is plausible, even expected, when it is realized that how 
everyone else in the community disposes of feces is of primary importance to an individual's 
health. Of special interest is the finding that children living in a community with a high level 
of sanitation coverage have the same low risk of stunting whether o r  not they haw 
Imddvidual access to a toilet. 

From a program and ~ l i c y  point of view, these findings have several implications. First, 
sanitation should receive the same degree of attention a d  resources as water sr~pply in a 
water and sanitation program that expects to improve health. Second, there are apparently 
no settings in which the primacy Q% sanitation in producing health benefits does not apply; 
at least no such setting was found within the ifmitations of this analysis. Thfrd, in order to 
maximize the health benefit of sanitation improvements, the most important goal and 
evaluation indicator Is not hproved tndivtdual level of service, but reaching an improved 



community Imef of sanitation so that at least 75 percent of the cornunity has access to 
adequate sanitation senrim a& uses them properly. 

Finally, it must be rmemberd that acmss to searice is the proxy used fn this analysis for 
of improved water and sanitation servlcss. fn this analysis, access to public 

shndp im was not associated with improved health (see Figure 5). Public standpipes are not 
as readdy accessible as a water supply W e  the house or in the family compound, and the 
quantity of water used IS lWy to be less than with in-house pi@ water. In addition, often 
the water supply is intennittent at standpipes aK1 water gatherers must wait tn line for limited 
quantities of water. When tie supply is intermittent and pressure drops in the p i p ,  
contamination of the pipes m y  occur and the water quality may also be poor. In any event, 
water from public standpipes wiIl typicdy be stored h .the h m e  and may 'be contaminated 
during tramport to the home, storage, and use. Improved water supply sewices offer health 
befits only if the9 cffer improved quantity and qudity of water. While aceess to public 
standpipes was measured fn &!is survey, quantity and quality of water were not measured. 
Et may be the ese fhat dependence on public sfandpipes for water supply in Guatemala 
offers no better, or, In sonme caws, poorer service thara unpiped water sources. 

NO health h d i t  was seen for bMares In this analysis, though latrines are, when constructed 
appropriately, as reliable as flush toilets for the sanitaxy disposal sf feces. Why then the 
difference between flush &sflets and aMfI%taincs in risk of stunting So? this analysis? In same cases 
the latrines may have been unsanitary, improperly cawhzrcted, and simply physically 
inadequate. The larger problem is most likely that the latrines that were countad-that indeed 
existed-were not properly, were not used all the time, were not used by every member 
of the family (especially the &Zdren), or were never used. lmproved water supply and 
sanitation &annot be expected to Iead to h d t h  benefits if &they are not used and used 
properly. 

The limd gathway to improved heafth Is Ryglme khviar; physical infrastructure, such as 
latrines or piped water, is one support for improved behavior. Cultudy appropriate design 
of water and sanitation facilities and hygiene education are equally important in ensuring that 
the seruices available are used in a way that will prevent the spread of disease and promote 
heaith. 

#$sues in Data A~aihblUty and Analysis 

As mentioned above, the definition of urban and mxal areas presented a proMem for this 
analysis. As described in the methodology, the definitions used for urban and rurai do not 
mention community or population site to be categorized zs m e  or the other. Clear 
definitions are necessary if these difdetwlm are to be analyzed accurately. In addition, in this 
suntey and similar cmes, She sample is on census data. I r x b  urban 
~pul(?nHons, ht!eh are g 



far poor health outcomes, are typically ~ o u n t e d  or undercounted and, therefore, 
u d e r r e p m t e d  in the survey. If these populations are to be described, $pedal attention wig 
need to be given to cesmshg i n f o d  urban eommiMes and indudlng them In the 
sampling frame. 

A better defwffon of in bte It dally for latrines, is needd. When 
sanftaly latrines and unsanitary htrines are lumjwd together in one group, that category loses 
meaning. Information on water stored in the Rome would be useful for estimating the 
quantity of water used and the likelihood of contamination in the home. Key questions would 
include how often water is cdeded, what type of container is used for storage, access to the 
continher, and an estimate of volume of the container. Estimates of t h e  to collect water and 
d i c e  to water source nay be useful, though the lack of comehiion between distance and 
quantity of water used in seven! studies makes these measures a lower priority. 

Usage of sewices is not measured or estimated in this analysis. As disc abve ,  however, 
usage is the key issue and, particularly in the case of htrines, a measure of usage is necessary 
to Interpret the signffimce of the presence of the sewice. Key questions include where each 
homehold member defecates and when, how often, and with what hands are washed. Spot 
checks for the presence of soap in the house and eodition of the IaMne are other proxies 
for hygiene behavior. 

Jf=lustw-Level analyrsis is a useful approach to measure environmental variables. Not using an 
estimate sf the environmental Zevel of smttataon may lead to a sort of "reverse ecological 
fallacy" in which the effect of a vartabie that fs ecological may be obscured by focuslng on 
the indivDdua1 h e !  of sanitation. 

Of course, the mount of time and effort that can be dedicated to the improved description 
of the water and sanitation component of any survey will be limited. In surveys in which 
There Es a clearly stated priority to collect information on WS&S for subsequent analysis, the 
developent of a WS&S indepth module may be appropriate. In other cases, more limited 
objectives of better defining intermediate levels of d c e  and adding indicators of sanitation 
usage and hand-washing behavior are appropriate. 
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