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ABSTRACT 
 
The difference in prevalence of undernutrition and two-week disease history in women 
and children in Oromia, Ethiopia was compared between two intervention groups: 
nutrition only (comparison group) and integrated water, sanitation, and hygiene (WASH) 
and nutrition (integrated group). In both groups, health care workers were trained in 
community management of acute malnutrition and infant and young child feeding 
practices. Health care workers in turn organized events and household visits to identify 
and treat acutely malnourished infants and children, convey messaging regarding proper 
infant and young child feeding, and provide vegetable seeds for household gardens. The 
integrated group additionally received water tap construction and community-led total 
sanitation and hygiene. Four years post initiation, a household and child anthropometric 
survey (n=1,007) of mothers of children 0-59 months was conducted in 12 villages (6 
per group). Accounting for sample design, logistic regression was used to determine 
adjusted odds ratios for child nutritional outcomes and child and maternal two-week 
disease history by intervention group. At follow up, intervention groups were similar in 
demographics, diet and feeding practices, immunization, supplementation, and access to 
water and hygiene. Access to an improved sanitation facility was greater in the integrated 
group (48%) than in the comparison group (28%) (p=0.02). Children from the integrated 
group had a 16 percentage point (95% CI: 0-32 percentage points) and 14 percentage 
point (95% CI: 5-22 percentage points) lower prevalence of stunting and fever, 
respectively, than children from the comparison group. The adjusted odds of stunting and 
fever in children from the integrated group were 50% (OR: 0.50, 95% CI: 0.26, 0.97) 
and 49% (OR: 0.51, 95% CI: 0.36, 0.74) lower than the odds of stunting and fever in 
children from the comparison group. Stratifying by intervention group, mean height-for-
age Z-score increased with sanitation facility among children from the comparison group 
only. There was no difference in maternal history of disease between groups. Integration 
of WASH and nutrition was associated with less stunting and disease in children 0-59 
months in a setting with poor WASH conditions. Differences in sanitation may contribute 
to the gains in growth seen among children in the integrated group.  
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INTRODUCTION 
 
Sub-optimal growth is responsible for an estimated 2.2 million deaths annually in 
children under five years of age [1]. In 2018, stunting and wasting affected 149 million 
and 49 million children, respectively, increasing their susceptibility to mortality from 
infectious disease [2]. Stunting during childhood can have irreversible, long-term 
sequelae, such as decreased adult productivity, depressed cognitive function, and 
increased risk for obesity and low-birth-weight offspring [3]. In Ethiopia, the problem is 
severe with 38% of children under five years being stunted and nearly 10% wasted [4].  
 
In environments with poor water, sanitation, and/or hygiene (WASH), children’s growth 
may be mediated by exposure to enteric pathogens via both symptomatic and 
asymptomatic pathways [5]. Diarrhea, considered the most important infectious disease 
determinant of linear growth, has been associated with growth faltering and acute weight 
loss, due in part to reduced appetites, withholding of food, poor absorption, and hastened 
intestinal tract times [6, 7]. Other infectious diseases, such as acute respiratory infection 
(ARI), whose transmission could be slowed by improved hand hygiene [8] or reduced 
diarrhea [9], may contribute to malnutrition due to reduction of appetites and diversion 
of nutrients for immune system response [10]. Moreover, poor sanitation and hygiene 
have been associated with environmental enteric dysfunction [5, 11, 12], a prevalent 
asymptomatic disorder of the small intestine characterized by villous atrophy, crypt 
hyperplasia, increased gut permeability, and infiltration of inflammatory cytokines [13], 
which may lower overall nutrient absorption in the gut, leading to stunted linear growth 
even in the absence of diarrhea [5, 11, 14].  
 
Analysis of observational studies support the purported link between access to a 
sanitation facility and reduced prevalence of stunting [15-18] and suggest that elimination 
of diarrhea in children under two years would increase average length-for-age scores by 
0.13 points. However, programmatic evidence of this impact is limited. A 2013 Cochrane 
Review found no difference in the mean weight-for-height Z-scores (WHZ) and weight-
for-age Z-scores (WAZ) scores between those that received WASH interventions and 
controls, though the studies were limited to five experimental and nine non-randomized 
trials [19]. The only study in the review to show a significant improvement in height-for-
age Z-scores (HAZ) did so in the intervention arm that included WASH only, and no 
improvement in the intervention arm that included integrated WASH and nutrition [20]. 
A 2017 review and meta-analysis of 14 studies, including both randomized control trials 
and observational intervention studies found a borderline significant improvement in 
mean HAZ in children with improved sanitation compared to unimproved sanitation, but 
no effect for WHZ or WAZ [21]. There have been several large-scale randomized 
controlled trials (two in  India, one in Indonesia, one in Kenya and Bangladesh, and one 
in Zimbabwe) that have reported a null effect between household-based sanitation and 
stunting or diarrhea [22-24] In the India and Indonesia trials, sanitation was very poor at 
baseline, but uptake of the intervention was modest [25-27]. The WASH Benefits trial in 
Bangladesh and Kenya, and the SHINE trial in Zimbabwe were both two-year 
randomized control trial that compared the change in HAZ scores of children under 2 
years at baseline and endline between a control and intervention arm (WASH 
(improvement of household or compound latrines from unimproved to improved latrines 
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in WASH Benefits and new latrines in SHINE; promotion of point-of-use water 
treatment; handwashing stations not connected to water supplies; and promotion of 
handwashing); nutrition (counseling on infant and young child feeding and provision of 
lipid based supplement for children above 6 months); and WASH and nutrition). All 
three quantified improvements in mean HAZ score in the nutrition arm, with little impact 
due to WASH [22-24], leading study authors to conclude that modest improvements to 
WASH infrastructure and practices at the household level are unlikely to reduce stunting 
in rural communities with access to unimproved latrines at baseline [28]. In contrast, a 
trial in Mali that randomized groups to a community led total sanitation and hygiene 
(CLTSH) intervention, that sought to eliminate open defecation at the community level, 
demonstrated an increase in mean HAZ of 0.18 points in the intervention group 
compared to the control group [29]. Some researchers argue that more sweeping WASH 
improvements at the community level such as elimination of open defecation in 
communities with little to no latrine use at baseline as well as increased total consumption 
of improved water is needed to sufficiently reduce exposure to fecal pathogens and 
thereby cause meaningful changes in stunting [30, 31].  Few observational studies have 
examined the complementary impact of integrating sanitation and nutritional 
components on health in settings with extremely poor WASH conditions [20, 32]. 
Understanding the impact of community-level WASH interventions in such settings 
would have considerable policy and public health relevance. 
 
The purpose of this study was to compare the prevalence of stunting, wasting, 
underweight and two-week history of acute respiratory infection (ARI) in children 0-59 
months and prevalence of two-week history of diarrhea and fever in children and their 
mothers between two interventions:  nutrition only (herein referred to as the comparison 
group) or integrated WASH and nutrition (herein referred to as the integrated group). 
Interventions were implemented in 2011 as part of Catholic Relief Services’ 
Development Food Aid Program.  
 
METHODS 
 
Ethical Approval 
Oral consent to participate was obtained from all survey participants and a second oral 
consent for taking anthropometric measurements of children 0-59 months was obtained 
from the mother of the child. The study was approved by the institutional review board 
at Emory University in Atlanta, USA.  
 
Program description 
The Development Food Aid Program (DFAP) is a USAID-supported initiative in 
Ethiopia which begun in 2011 with the objective of sustaining and building upon food 
security initiatives achieved under the ongoing Government of Ethiopia Productive 
Safety Net Program (PSNP) [33]. The DFAP covers 7 woredas (districts), which includes 
188,500 PSNP recipients. Through DFAP, Catholic Relief Services (CRS) assigned 
kebeles (villages, Figure 1) to receive one of two interventions: nutrition only (referred 
to as the comparison group) or integrated WASH and nutrition (referred to as the 
integrated group). Kebeles were assigned to intervention groups based on various 
administrative factors, such as:  technical knowledge and current workload of local 
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implementing partners and desire to mix intervention groups evenly among 
administrative zones. All interventions utilized existing community platforms of health 
centers and agricultural centers, located in each kebele, for the dissemination of materials 
and educational messaging. In Ethiopia, each kebele contains two community health 
workers and agricultural workers who live in the kebele and perform routine home visits 
and provide treatment/advice at the affiliated center. To implement DFAP activities and 
disseminate educational messaging, health and agriculture workers were trained on 
behavioral change communication (BCC) and good practices, and responsible for 
coordination of activities and educational campaigns. Monitoring of worker training was 
conducted through a supportive supervision process. 
 

 
Figure 1: Household sampling strategy 
 
The nutrition intervention consisted of screening and treatment of severe malnutrition; 
vegetable seed provision; promotion of backyard gardening; and education on infant and 
young child feeding practices through food preparation and cooking demonstrations and 
through meetings for pregnant and lactating women. At meetings, women were taught 
the Essential Nutrition Actions (ENA) and Essential Hygiene Actions framework [34].  
As part of the ENA framework, community health workers deliver messages to 
encourage a set of sixteen “small and doable” actions that promote “nutrition through the 
lifecycle”, from good nutrition during adolescence and while pregnant and lactating, to 
proper breastfeeding and complementary feeding, care of sick and malnourished 
children, and diet and supplemental sources of vitamin A, iron, and iodine. Community 
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health workers conducted monthly meetings for pregnant women and visited households 
of pregnant women and women with children under the age of five at least once a month.  
 
The integrated intervention utilized the same dissemination platforms for the health and 
nutrition activities but added community-led total sanitation and hygiene (CLTSH) 
activities, as well as the construction of new or rehabilitation of existing water points. 
The CLTH approach is a participatory approach that mobilizes communities to eliminate 
open defecation, build and/or upgrade their own toilets, and practice proper sanitation 
and hand hygiene.  
 
The region encompassing all study kebeles is characterized by low rainfall and frequent 
drought. The survey was conducted at the beginning of the 2015-2016 El Niño-linked 
drought, during which all kebeles had experienced crop shortages subsequent to the 
failure of the short rainy season (Belg) and a delayed onset of the main rainy season 
(Kiremt).  
 
Study site and design 
A cross-sectional matched control evaluation was conducted to examine if the integrated 
intervention was associated with growth and disease outcomes in children and women. 
Between June and July 2015, a household survey (n=1,007) was administered in two 
woredas (districts) of one administrative zone within Oromia Region, Ethiopia. The 
administrative zone was chosen by the implementing partners as a zone that was both 
geographically accessible and believed to be representative of the entire DFAP 
catchment area. Kebeles (neighborhoods) had to be classified as both CRS and PSNP 
beneficiaries to be included for selection (see Figure 2). Twenty-nine kebeles in the study 
zone met these criteria, from which twelve were chosen randomly after stratifying the 
eligible kebeles by woreda and intervention (three per woreda per intervention, Figure 
1). Kebeles are divided into four subzones and two or three subzones per kebele were 
randomly selected for surveying, based on the size of the subzone. Households to be 
surveyed were selected following the Modified Expanded Program on Immunization 
(EPI) method, outlined elsewhere [35]. The modified EPI method is used to select 
households by a more random sampling method, which is simple, widely known by 
WHO for Expanded Program for Immunization activities, easy to train, rapid, and 
improves the representativeness of the sample. According to EPI rules, data collectors 
stood in the subzone center and walked outward in a direction determined by a random 
pen spin, selecting the household located the nearest to them on the right-hand side as 
their next household. All respondents were mothers of children 0-59 months. If 
households contained more than one mother with a child 0-59 months, or more than one 
eligible child, one mother and one of her children were chosen randomly to be the survey 
subjects.  
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Figure 2: Structure of PSNP and DFAP. Gray boxes indicate area covered by 

current survey. Note: drawing not to scale and only kebeles covered by 
both PSNP and DFAP areas were eligible for the survey. CRS = Catholic 
Relief Services; DFAP = Development Food Aid Program; PSNP = 
Productive Safety Net Program; WASH = Water, sanitation, and 
hygiene 

 
The sample size was estimated based on the ability to detect a difference of 6% in 
stunting between intervention groups at 95% confidence level and 80% power. A listing 
of the total number of households in each kebele was available from 2011 health center 
data. It was assumed that the proportion of households containing children under 5 years 
old was roughly similar in each kebele and therefore the number of households sampled 
per kebele was roughly proportional to the total number of households per kebele. The 
survey was piloted in a kebele that met the criteria for the survey but was not selected for 
this study. Data were collected on mobile tablets and cleaned with SAS version 9.3 [36]. 
Enumerators were not blind to intervention group. 
 
Measurement of diet and disease 
The UNICEF conceptual framework for undernutrition was applied to guide selection of 
survey variables for the analysis (Figure 3) [37]. Household food security was measured 
by the reduced Coping Strategies Index (CSI), which sums the weighted weekly total of 
a set of pre-defined behaviors families use to meet their food needs [38]. Woman and 
child dietary diversity scores (DDS) were calculated for each respondent and child, 
respectively, by summing the number of food groups consumed in the past 24 hours, out 
of a total of seven and nine defined groups, respectively [39].  
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Figure 3: Survey indicators, adapted from UNICEF's framework for maternal 

and child undernutrition [37]. *Primary outcome variables; **Variables 
addressed through both interventions; ***Additional variables 
addressed through integrated WASH and nutrition intervention; 
HH=household; HHH=head of household. ARI = Acute respiratory 
infection; BCG = Bacillus Calmette–Guérin 

 
Two-week history of fever and diarrhea for women and children was obtained by self-
report and caretaker-report, respectively. Diarrhea was defined as three or more loose 
stools or one bloody stool in less than 24 hours. Two-week history of acute respiratory 
infection (ARI) was determined for children through a series of questions used by the 
Ethiopian Demographic and Health Survey (DHS) [4].  
 
Measurement of WASH conditions 
Access to improved drinking water source and improved sanitation source was 
determined by asking mothers their primary and secondary drinking water sources and 
primary facility for defecation. If indicated to exist, structured observations were made 
of household latrines to observe indicators of use: presence of worn path to latrine, 
presence of wet feces in and around the hole, or presence of water for flushing, if 
applicable. If respondents indicated they had a designated location for hand washing, the 
area and type of cleaning agent present at the time of visit was observed. Observations 
were also made on whether the household had a designated place for livestock (chickens, 
goats, and sheep) and on the presence of feces—animal or human—surrounding the 
house. Definitions for “improved” and “unimproved” sanitation and drinking water were 
taken from the Joint Monitoring Program (JMP) for water supply and sanitation [40], 
which defines an improved sanitation source as one that hygienically separates human 
feces from human contact, and includes pit latrine with slab, composting toilet, ventilated 
improved pit latrine, flush/pour-flush to pit latrine, septic tank, or piped sewer system. 
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An unimproved sanitation facility includes no facility, pit latrine without slab, bucket, or 
a shared facility. An improved water source is one that, by nature of construction, 
separates water from outside contaminants, and includes piped water, borehole, protected 
spring or well, and rainwater. Unimproved water sources include unprotected spring or 
well, and surface water.  
 
Anthropometry 
The selected child was measured using standard methods [37]; supine length (for children 
less than 24 mo) or standing height (for children 24-59 mo) was measured with 1 cm 
precision using a height board and weight was taken to the nearest 0.1 kilogram using a 
hanging Salter Scale. The child’s age in months was determined from yellow health 
cards. These yellow health cards containing child information, such as birthdays, were 
available for roughly half of the households. For those without health cards, enumerators 
asked the mother for the child’s age in years and months and probed with important dates, 
holidays, and harvest cycles to confirm. HAZ, WAZ, and WHZ were determined based 
on the World Health Organization’s 2006 child growth standards using WHO Anthro 
version 3.2.2 [41]. 
 
Statistical analysis 
Sampling weights were calculated for each observation in the dataset as the inverse 
probability of selection. For analyses involving outcomes at the household (such as water 
or sanitation source, CSI, and others) or mother level (such as maternal disease) sampling 
weights were a product of the quotient of the total number of eligible kebeles per woreda 
by the number chosen and the quotient of the number of households in the observation’s 
kebele by the number of households surveyed in that kebele (Eqn 1). For analyses 
involving outcome at the child level (such as anthropometric indicators, child’s history 
of disease, and others), these weightings were multiplied by the number of children under 
5 years in the household (Eqn 2). Data were analyzed using SUDAAN® [42] to account 
for stratification of the woredas and clustering at the primary sampling unit, the kebele.  
 

!"#$%ℎ"'(	*%+,ℎ-+., = 0 1%2%'%$	+.	*"3%(4
1%2%'%$	$#35%6%(	+.	*"3%(47 0

ℎ"#$%$	+.	8%2%'%
ℎ"#$%$	$#35%6%(	+.	8%2%'%7				{1} 

 
<ℎ+'(	*%+,ℎ-+., = (<ℎ+'(>$	ℎ"#$%ℎ"'(	*%+,ℎ-)(.#@2%3	"A	<ℎ+'(3%.	+.	ℎ"#$%)				{2} 

 
Demographic, dietary, and WASH factors and nutrition and disease status were 
compared by intervention received using t-tests (continuous variable) and X2 tests (binary 
variable). Undernutrition and two-week history of disease were regressed against 
intervention group using GLM models, adjusting for various factors: age and sex of child, 
education of mother (none/illiterate, informal (can read or write), 1st-4th grade, 5th-8th 
grade, secondary school and above), and household size. Statistical significance was 
assessed using the Wald F-test. Education levels of the mother and the head of household 
was entered into the GLM models as a proxy indicator for socio-economic status (SES), 
based on results of previous study in Ethiopia which found good agreement between 
material education and household SES [43]. Other possible confounders considered for 
adjustment included distance to nearest town center, gender of household head, measles 
immunization status (as indicated by mother recall or vaccination card), Bacillus 
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Calmette-Guérin (BCG) immunization status (indicated by presence of BCG scar on 
arm), vitamin A supplementation (received/not received in the past six months for 
children ≥6 mo) and deworming (received/not received in the past six months for 
children ≥24 mo). None were significantly associated with the outcomes (p<0.05). The 
likelihood ratio test was used to test for interaction between all exposures of interest and 
the variables adjusted for. No interaction was found.  
 
RESULTS AND DISCUSSION 
 
There were 5,990 households in the selected comparison kebeles and 3,780 households 
in selected intervention kebeles. A total of 1,007 households were surveyed; 446 in the 
comparison group and 561 in the integrated group (Table 1). Response rate in both 
groups was high (>90%). Most variables were not significantly different between groups 
except primary sanitation facility. Forty six percent of the children included in the survey 
were female, and their mean age was 27 months. The mean age of the mother was 28 
years and 58% had no formal education. In general, the survey showed that diets lacked 
diversity (<3 food groups) and were characterized by high consumption of cereals and 
legumes and low consumption of fruits and meat. A mean of 2.7 food groups had been 
consumed in the 24 hours prior to survey by both children aged 6-59 months and their 
mothers.  
 
WASH Conditions 
With the exception of sanitation facility, most WASH characteristics did not differ by 
intervention group (Table 1). Forty-eight percent (95% CI: 36.3, 60.0) of households in 
the integrated group used an improved sanitation facility, compared to 28% (95% CI: 
18.8, 39.5) of households in the comparison group (p=0.02). Eighty-six percent of 
sanitation facilities had at least one recorded indicator of use. 
 
Association between intervention type and nutrition and disease outcomes. 
Complete height/length and weight records were obtained for 96% of the children. 
Prevalence of stunting and two-week history of fever was significantly lower (p<0.05) 
in children from the integrated group (38% (95% CI: 26, 51) stunted, 21% (95% CI: 19, 
23) with fever) compared to from the comparison group (54% (95% CI: 43, 64) stunted, 
34% (95% CI: 27, 43) with fever) (Table 2). Adjusting for demographic factors often 
associated with nutritional and/or disease outcomes (here, child age in months, child age 
squared, child sex, household size, and education of mother), the odds of stunting for 
children in the integrated group was 50% lower than the odds of stunting for children in 
the comparison group (OR: 0.50, 95% CI: 0.26, 0.97). The findings presented here are 
consistent with a randomized controlled trial which estimated a prevalence ratio at 1.5 
year follow-up of 0.86 (95% CI: 0.71, 1.00) for stunting and 0.88 (95% CI: 0.71, 1.08) 
for underweight for children under five years of age in Mali receiving a CLTS 
intervention compared to those receiving no intervention [29]. However, they are 
inconsistent with trials in Kenya, Bangladesh, and Zimbabwe, demonstrating a change 
in HAZ for children under two years of age among children receiving a nutrition 
intervention but no change in HAZ for children receiving a household-level WASH 
intervention and no additional improvements in HAZ for children receiving an integrated 
WASH plus nutrition intervention [22-24]. While our study and the Mali trial focused on 
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community sanitation improvements, the other studies only improved sanitation in study 
households. 
 
The proportion of children who were underweight was 16.6% in the intervention, 
compared to 23.8% in the control (aOR: 0.62, 95% CI: 0.30, 1.27).  The proportion of 
children who were wasted was 7.8% in the intervention, compared to 9.8% in the control 
(aOR: 0.81, 95% CI: 0.40, 1.63). The lack of significant association between WASH or 
WASH and nutrition interventions and mean WHZ or WAZ and is consistent with 
previous observational studies and trials [19, 24, 29, 44].  
 
Children in the integrated group had 49% lower odds of having had a fever in the past 
two weeks compared to children in the comparison group (OR: 0.51, 95 CI: 0.36, 0.74). 
There was no association between either diarrhea or ARI prevalence among these 
children. Few other studies have assessed the impact of sanitation on fever, a symptom 
for a broad range of infections, including both severe diarrhea and ARI. Young children 
are exposed to fever-causing pathogens present in the environment through play habits, 
closeness to the ground, and possible geophagy (soil eating), the latter of which has been 
associated with enteropathies in children [45]. However, mothers, being less prone to 
infection via these routes, may be more frequently colonized by pathogens via direct 
consumption of unsafe water. The lack of significant association between diarrhea and 
fever in women and intervention group could be because coverage of improved water 
source did not differ significantly between the integrated group (78%) and the 
comparison group (73%). The null findings in this study for diarrhea in children were 
similar to those from trials in India, Indonesia, Mali, Kenya, and Zimbabwe [25-29]. 
Only the WASH Benefits trial in Bangladesh demonstrated a reduction in diarrhea in 
hygiene, sanitation, and combined WASH arms (but not water only arm) [23]. That 
prevalence of stunting in children could differ by intervention group in the absence of a 
significant difference in diarrhea prevalence by intervention group is not unusual, given 
that environmental enteropathy, a causal pathway that need not include diarrhea, is 
thought to play a large role in the relationship between sanitation and stunting [5, 11, 
14]. In other words, while the effect of improved sanitation on child growth outcomes is 
thought to be mediated by diarrhea, it is also hypothesized that there is a direct causal 
pathway between sanitation and growth that is not mediated by diarrhea.  
 
Sanitation and Mean HAZ 
Mean HAZ for children 0-59 months by sanitation facility was examined, stratified by 
intervention type (Figure 4). For the integrated group, there was little difference between 
sanitation facility and mean HAZ. However, for the comparison group—which had a 
worse sanitation profile than the integrated group at endline—mean HAZ increased with 
each incremental improvement in sanitation, though the difference between each 
adjacent improvement was only significant between open defecation and pit latrine 
without cleanable slab. Mean HAZ among children in households practicing open 
defecation was significantly higher in the integrated group compared to the comparison 
group. In the latter group, movement up the sanitation ladder was associated with 
increasingly higher HAZ scores. This finding suggests evidence of herd protection in 
sanitation. As pathogens introduced to the environment through poor sanitation can 
circulate throughout an entire community, the ‘herd protection’ benefits of improved 
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sanitation may only be achieved at a certain threshold of coverage and use [46, 47]. As 
fewer households were practicing open defecation in the integrated group compared to 
the nutrition only group, those from the integrated group may have experienced the 
benefits of herd protection against enteric pathogens in the environment due to the better 
sanitation of their neighbors [46]. Coffey and Spears demonstrate that in regression 
analysis of two Indian Demographic Health Surveys, the fraction of households that 
openly defecate is associated with large differences in childhood stunting, but that once 
open defecation is controlled for, there is no effect associated with improvement of 
latrines from unimproved (such as. basic pit latrine) to improved (for example ventilated 
improved pit) [31]. 
 
Community-led total sanitation and hygiene (CLTSH, the approach employed in this 
study and in the Mali randomized control trial [29], is designed to eliminate open 
defecation at the community level, and has been associated with improved height 
outcomes [46]. However, sanitation interventions which target individual improvements 
in household latrines while ignoring neighbors’ latrines or open defecation practices may 
underestimate the effect of sanitation on childhood growth. For example, the WASH 
Benefits and SHINE trials, which reported no difference in HAZ between a WASH and 
nutrition arm and a nutrition only arm, limited sanitation improvements to the household 
of the randomly selected child, ignoring the effect of neighboring compounds on child 
pathogen exposure [22-24]. Nevertheless, authors of these trials argue that formative 
research shows that among children under 18 months, the majority of fecal exposure 
occurs within their compound [48].  
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Figure 4: Dose-Response relationship between mean HAZ and sanitation facility, 

stratified by intervention group. The comparison (nutrition only) 
intervention involved training of health workers on community 
management of acute malnutrition, community education on infant and 
young child feeding, and provision of vegetable seeds; the integrated 
(WASH and nutrition) intervention added water tap construction and 
community-led total sanitation and hygiene. Lines indicate 95% 
confidence intervals 

 

Limitations 
Lack of baseline data specific to the study region prevented observation of the true 
change in study outcomes since program initiation and the percent reduction attributable 
to the intervention versus other underlying factors or differences in variables of interest 
at baseline. The cross-sectional design of the study and non-experimental allocation of 
interventions further prevents the ability to make causal inferences regarding the 
program’s impact. Authors of the WASH Benefits trial warn against analysis of the 
relationship between sanitation and stunting using observational data, demonstrating that 
re-analysis of children in the control arm shows a significant association between 
improved sanitation at enrollment and reduced stunting [48]. The discrepancy between 



 
 

 DOI: 10.18697/ajfand.87.17785 14984 

these observational results and the trial’s null effect suggests that there may be 
uncontrolled confounding of latrine ownership and childhood stunting by household 
general well-being.  
 

Despite this limitation, Habicht and colleagues [49] define plausibility as, “the program 
appears to have some effect above and beyond the influence of non-program influences”, 
or confounders. It is plausible that the observed differences are attributable to the 
integrated intervention, and not to other outside causes, for several reasons. First, 
characteristics of the kebele stratified by intervention do not differ significantly at endline 
by any of the following potential confounders: demographics, dietary intake, household 
food security, or access to health services, such as vitamin A supplementation, 
deworming medication, measles and TB vaccination, and distance to health facility 
(Table 1). This similarity lends confidence to there being no significant differences 
among kebeles at baseline. As CRS did not consider WASH conditions or nutrition or 
disease profiles in the kebeles when assigning intervention types (W. Tadesse, personal 
communication, June, 2015), and all kebeles received the nutrition intervention, it was 
expected that the only differences observed among non-outcome variables at endline 
would be among household WASH characteristics, as was observed here. Second, CRS 
utilizes CLTSH in their intervention, a participatory method that mobilizes communities 
to eliminate open defecation, build their own toilets, and/or upgrade their existing toilet. 
A clear dose-response relationship was observed between household participation in the 
CLTSH intervention, represented by type of sanitation facility used, and mean HAZ in 
the comparison group. No such relationship was seen in the intervention group, where 
increased coverage and use of basic and improved sanitation may have resulted in herd 
protection of households without any toilet (Figure 4). Stratifying sanitation option by 
type (in other words, open defecation, pit latrine without cleanable slab, pit latrine with 
cleanable slab, and pit latrine with cleanable slab and hole cover), the odds of stunting 
among children in the comparison group decreased as households moved up the 
sanitation ladder, controlling for all the same demographic factors controlled for in the 
original analysis (data not shown). Given that the intervention groups differed only by 
their access to improved sanitation facility, it is plausible that the differences in stunting 
prevalence by intervention can be attributed to the improvements in sanitation in the 
integrated group due to CLTSH initiatives that target community sanitation coverage.  
 

This study has several other limitations. Education level of the head of the household 
was considered a proxy for socioeconomic status (SES). However, results from a study 
conducted in the Amhara region of Ethiopia that found education to be a good proxy for 
SES when considering nutritional outcomes [43]. Education of head of household was 
not significantly associated with sanitation facility, suggesting the relationship between 
sanitation and HAZ is not confounded by SES. While enumerators and respondents were 
not explicitly told which village belonged to which intervention group, it may have been 
possible to deduce this information based on observed WASH infrastructure. As 
respondents in both groups received visits from community health workers, it is not 
expected that knowledge of intervention group may bias self-report of dietary history; 
however, measurement of anthropometry could have been influenced. To minimize this 
bias, supervisors were present in each village, and observed each team at least once per 
day to ensure quality in measurements. This survey relied on self-report and maternal-
report of disease, which is subject to recall bias, as studies have shown that recall 
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accuracy begins to drop after 2-3 days to one week of the event [50]. However, Pickering 
and colleagues found no difference in diarrhea prevalence between a two-week self-
report and a two-day self-report [29]. Finally, the EPI method of household selection 
used may have resulted in an over representation of houses in the center of the village; 
and sub-zone was not accounted for in calculation of sampling weights; however, this is 
non-differential by intervention group as selection methods were consistent by group so 
the effect measure of the intervention is not expected to be biased away from the null. 
 

CONCLUSIONS 
 

Evidence suggests that reduction in exposure to fecal pathogens vis-à-vis improvements 
to WASH could improve growth outcomes in children, but programmatic evidence of 
this benefit is limited. Integration of WASH and nutrition components in a non-
controlled, programmatic setting with extremely poor initial WASH conditions was 
associated with less stunting and fever in children compared to nutrition components 
alone. Previous WASH interventions evaluated by the five randomized-controlled trials 
used for Cochrane review meta-analysis were limited to drinking water and/or hand 
hygiene interventions [19], and WASH interventions evaluated by the SHINE and 
WASH Benefits trials were focused on sanitation improvements only among study 
households [28]. This evaluation suggests that elimination of open defecation may be a 
stronger predictor of stunting in young children than drinking water source and hygiene. 
 

As integrated programs are now being recommended by USAID and other multilateral 
organizations, it is of importance to better understand the complementary impact of 
integrating WASH and nutritional components on health [51]. In areas where 
undernutrition is high and access to safe WASH is low, joint promotion of WASH and 
nutrition may be conducted simultaneously through existing community platforms, 
saving both time and resources. More research is needed to quantify the complementary 
effect of integrated community level programs on growth and disease outcomes. 
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Table 1: Characteristics of the study population, stratified and compared by intervention group, in percentage or mean ± SE 
 

Characteristic Comparison  
(Nutrition Only) (%) 

N=446 

Integrated (WASH and 
Nutrition) (%) 

N=561 

P-Value1 

Child, 0-59 months    
    Female  45.7 51.7 0.10 
    Age, in months (mean ± SE) 26.7 ± 0.8 26.9 ± 0.47 0.50 
    Dietary Diversity Score2 (mean ± SE) 2.7 ± 0.10 2.7 ± 0.08 0.55 
    Received vitamin A supplementation in past 6 months 91.0 (77.2, 96.8) 95.6 (94.6, 96.4) 0.27 
    Received deworming medication in past 6 months 53.1 (37.3, 68.3) 57.6 (48.4, 66.6) 0.58 
    Ever vaccination of measles     
        Recall 40.8 (35.1, 46.7) 38.3 (33.7, 43.1) 0.47 
        On card 46.9 (42.0, 51.8) 50.2 (44.1, 56.3) 0.36 
    Presence of BCG scar (indicating TB vaccination) 71.2 (64.5, 77.0) 72.8 (66.7, 78.2) 0.67 
Mother     
    Age, in years (mean ± SE) 27.5 ± 0.5 27.6 (27.1, 28.2) 0.82 
    Dietary Diversity Score2 (mean ± SE) 2.7 ± 0.1 2.7 ± 0.1 0.55 
    Education level     
         No education 53.9 (43.1, 64.4) 63.8 ± 0.2 0.15 
         Can read or write (informal education) 0.8 (0.3, 2.2) 1.4 (0.7, 2.6) 0.28 
         Primary school (grades 1-4) 22.2 (16.3, 29.5) 17.4 (15.0, 20.0) 0.16 
         Primary school (grades 5-8) 19.4 (13.0, 27.9) 13.9 (8.0, 23.0) 0.26 
         Secondary school or above (≥ grade 9) 3.8 (2.3, 6.2) 3.6 (1.5, 8.0) 0.90 
Household    
    Coping Strategies Index3 (mean ± SE) 13.9 ± 1.1 13.0 ± 0.6 0.49 
    Distance to nearest health post, km (mean ± SE) 2.98 ± 0.55 2.96 ± 0.50 0.97 
    Education level of head of household    
         No education 25.2 (22.2, 28.5) 27.7 (20.7, 35.9) 0.51 
         Can read or write (informal education) 6.7 (4.8, 9.3) 9.0 (4.2, 18.4) 0.48 
         Primary school (grades 1-4) 22.1 (17.3, 27.8) 26.7 (23.7, 29.7) 0.12 
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         Primary school (grades 5-8) 34.8 (29.4, 40.6) 26.9 (19.9, 35.2) 0.09 
         Secondary school or above (> grade 9) 11.2 (6.7, 17.6) 9.9 (5.8, 16.4) 0.69 
Household WASH     
    Water Source    
         Access to an improved primary water source 73.1 (24.8, 95.7) 77.7 (32.6, 96.2) 0.85 
         Number of days in past week with access to an improved water source (mean 
± SE) 

4.8 ± 1.4 5.0 ± 1.1 0.89 

         Number of months per year with access to an improved water source (mean ± 
SE) 

8.6 ± 2.3 7.4 ± 2.1 0.71 

         Treats water at household 15.5 (4.6, 41.5) 22.5 (7.7, 50.6) 0.58 
    Access to improved sanitation facility 28.0 (18.8, 39.5) 48.1 (36.3, 60.0) 0.02 
    Hand washing knowledge and practice             
         Number of critical hand washing times known4 (mean ± SE) 3.5 ± 0.1 3.7 ± 0.02 0.09 
         Existence of designated hand washing location with observable cleaning agent 
present 

3.5 (1.9, 6.5) 6.9 (4.6, 10.3) 0.06 

    Observed presence of feces (including animal) around compound 54.1 (39.3, 68.3) 51.7 (40.7, 62.3) 0.77 
    Existence of separate enclosure for domestic farm animals5 45.4 (30.5, 61.1) 37.0 (31.3, 43.1) 0.28 

 
1p-value comparing the two intervention groups by t-test or X2 test; 2Calculated by summing the number of food groupings consumed in the 
past 24 hours A maximum of nine food groupings are possible and are defined by Food for Peace [39] ; 3Calculated by a weighted average of 
times per week a family must resort to a pre-defined coping strategy to meet their food needs [38]. Higher numbers indicate lower food 
security; 4Maximum of five critical hand washing times were possible; 5Chicken, sheep and goats 
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Table 2: Comparison of disease and nutrition outcomes in children 0-59 months and mothers of children 0-59 months by 

intervention group 
 

 Intervention Group, proportion (95% CI)  
Outcome Comparison (Nutrition 

Only) 
N=446 

Integrated (WASH and 
Nutrition) 

N=561 

aOR1 by 
Intervention Group  

(95% CI) 
Child 0-59 months    
    Anthropometric measurements2    
         Proportion stunted (HAZ < -2) 54.0 (43.3, 64.3) 37.8 (26.4, 50.7)               0.50 (0.26, 0.97)* 
         Proportion underweight (WAZ < -2) 23.8 (16.7, 32.7) 16.6 (9.2, 28.1)             0.62 (0.30, 1.27) 
         Proportion wasted (WHZ < -2) 9.8 (5.8, 15.9) 7.8 (4.9, 12.2)             0.81 (0.40, 1.63) 
    Two-week history of disease    
         Diarrhea 24.6 (21.6, 27.8) 22.0 (17.5, 27.30)            0.74 (0.51, 1.07) 
         Fever 34.3 (26.7, 42.6) 20.8 (18.7, 23.0)              0.51 (0.36, 0.74)* 
         ARI 16.8 (13.0, 20.5) 15.9 (11.7, 21.2)            0.94 (0.56, 1.59) 
Mother of child (respondent)    
    Two-week history of disease    
         Diarrhea 8.9 (5.2, 14.8) 7.0 (4.6, 10.6)            0.75 (0.35, 1.63) 
         Fever 17.3 (11.0, 26.1) 14.1 (10.1, 19.4)            0.78 (0.41, 1.45) 

aOR = adjusted odds ratio; ARI = acute respiratory infection; CI = confidence interval; HAZ = height/length-for-age z-score; WAZ = weight-for-age z-score; WHZ = 
Weight-for-height/length z-score  
1Models comparing the adjusted odds of the outcome by intervention group, where the nutrition only group is used as the reference group. Models with child outcomes 
are adjusted for child age in months, age squared, child sex, household size, and education of mother. Models with maternal outcomes are adjusted for education level 
of the mother and family size 
2Full measurements obtained for 96% of the children 
*p-value <0.05. Wald F-test used to test the null hypothesis that the odds ratio is equal to 1.0 
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