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1Centre de Recherche en Santé de Nouna, Nouna, Burkina Faso; 2Francis I Proctor Foundation, University of California, San Francisco, California;
3Department of Ophthalmology, University of California, San Francisco, California; 4Department of Epidemiology and Biostatistics, University of
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Abstract. Access to improved sanitation and hygiene may improve child nutritional status by reducing exposure to
enteric pathogens.We evaluated this relationship as part of the Community Health with Azithromycin Trial, a community-
randomized trial of azithromycin versus placebo for the prevention of child mortality in rural Burkina Faso. Before the
baseline study visit, a door-to-door household survey was conducted for all households in the study area. During the
baseline study census, which occurred approximately 9 months after the household survey, a mid-upper arm circum-
ference (MUAC)measurementwasobtained fromeachchild.Weevaluated the relationshipbetweenhousehold improved
latrine use compared with unimproved latrines or open defecation and MUAC in children aged 6–59 months. Among
32,172 children with household survey data andMUACmeasurements, 931 (2.9%) had an MUAC less than 12.5 cm and
were classified as having moderate acute malnutrition (MAM). The odds of MAM were higher in children living in
householdswith an unimproved latrine than thosewith an improved latrine (adjusted odds ratio: 1.60; 95%CI: 1.11–2.31).
Children in householdswith unimproved latrines and households that practiced open defection had approximate 0.15 cm
reduced MUAC compared with those in households with an improved latrine. There was a small, but statistically sig-
nificant, association between improved latrine and nutritional status in preschool children as measured by MUAC.

INTRODUCTION

Enteric and other infections are thought to lead to acute
weight loss, which can lead to acute and/or chronic un-
dernutrition. Access to clean water, sanitation, and hygiene
(WASH) are hypothesized to reduce undernutrition by re-
ducing fecal–oral transmission of enteric pathogens.1 Recent
large-scale randomized controlled trials have failed to find
evidence that improved access to WASH affects linear
growth.2–4 By contrast, many observational studies have
shown a significant association betweenWASH interventions
and improved linear growth.1,5 These discrepanciesmay arise
from unmeasured confounding in observational studies,
challenges with behavior change in interventional studies, or
failure of some elements of improved WASH to substantially
reduce pathogen transmission and reduce chronic un-
dernutrition over time.1,6

Infection has been hypothesized to cause acute malnutri-
tion in addition to chronic undernutrition. Children with di-
arrhea who have acute malnutrition are at higher risk of
mortality than their well-nourished peers.7 The relationship
between infection and acute malnutrition is complex. For ex-
ample, diarrhea can lead to impaired weight gain via reduced
nutrient intake and malabsorption, and malnutrition can lead
to increased susceptibility to or severity of diarrhea.8,9 Inter-
ventions that interrupt transmission of infectionmay also have
an impact on nutritional status.
Mid-upper arm circumference (MUAC) is a measurement

commonly used in community-based programs to screen for
acute malnutrition. Mid-upper arm circumference is an in-
dicator for wasting in children aged 6–59 months, and it has

been shown to better predict mortality than other anthropo-
metric measurements such as weight-for-height Z-scores
(WHZs) in population-based samples of children.10 Although
MUAC identifies different subsets of children compared with
the WHZ,11 MUAC is considerably easier to measure than
WHZ as it does not require expensive equipment, ability to
read measurements, or calculation of Z-scores. Mid-upper
arm circumference is therefore well-suited to community-
based screening, and evaluation of determinants of nutritional
status as measured by MUAC may be useful for generating
evidence for which children may be at increased risk of acute
malnutrition as identified by MUAC. Here, we evaluated the
relationship between household WASH characteristics and
acutemalnutrition asdefinedbyMUACusingdata froma large
population-based prospective study among preschool chil-
dren in Burkina Faso.

METHODS

Study setting and methods. This study took place in
Nouna district in northwestern Burkina Faso. The parent study
for thepresent analysis encompasses the entire district, which
includes both the Nouna Health and Demographic Surveil-
lanceSite (HDSS;which covers approximately one-third of the
district) and all communities in the district not included in the
HDSS.12,13 In the present analysis, only communities outside
the HDSS were included. Data arose from a pre-study map-
ping and survey and baseline census for a community-
randomized controlled trial of mass azithromycin distribution
compared with placebo for prevention of child mortality.13,14

No azithromycin or placebo treatments occurred before study
assessments. The study area is situated in the Sahel and is
rural and agrarian. The malaria and malnutrition seasons
overlap with the rainy season, with a higher prevalence of
malaria and malnutrition from July through October. The
household survey, which included water and sanitation
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assessments, occurred from December 2018 through April
2019, and the baseline study census, which included as-
sessment of nutritional status, occurred from August 2019
through January 2020. The study was reviewed and approved
by the Comité National d’Ethique pour la Recherche (National
Ethics Committee of Burkina Faso) in Ouagadougou, Burkina
Faso, and the Institutional Review Board the University of
California, San Francisco, in the United States. Written in-
formed consent was obtained from each head of households
for participation in the household survey and census and from
each child’s caregiver for participation in the study.
Household survey.Before the start of theparent trial, a pre-

study mapping exercise and household survey were un-
dertaken in 228 villages in 10 communes of Nouna district, as
previously described.14 Trained enumerators visited each
structure in the communities and classified structures as
inhabited or uninhabited. Each household was assigned a
unique identifying number. The head of each household was
interviewed in each inhabited structure and asked to list the
number of males and females residing in the household, in-
cluding each child younger than 5 years, and their dates of
birth, gender, religion, and ethnicity. Heads of households
then answered questions about the household’s structure
(such as number of rooms in the household) and assets, in-
cluding household ownership of radios and mobile tele-
phones. A household wealth index was constructed using a
principal components analysis, combining responses for 20
different household assets, including radios, televisions, re-
frigerators, stoves, telephones, bicycles, and lamps.
Water and sanitation assessment. During the pre-study

household survey, heads of households were interviewed
about the type of toilet most commonly used by the house-
hold, which was categorized as improved latrines (e.g., with a
slab), unimproved latrines (no slab), or no latrine/toilet (open
defecation). Theywere then asked aboutwhere the household
primarily gets its water for cooking and drinking, which was
categorized as shallow well, drilled well (borehole), or a non-
well source in the dry season and separately in the rainy
season. All WASH variables collected during the household
survey are included in this report. Because of time and finan-
cial resources, additional WASHmeasurements were outside
of the scope of the parent study.
Nutritional status assessment. During the trial’s baseline

census, MUAC measurements were obtained for all children
who were present at the time of the study who aged be-
tween 6 and 59 months. For each child aged between 6 and
59 months, a single MUAC measurement was taken by
measuring the midpoint of the child’s left arm. Mid-upper arm
circumference measurements were collected by 36 enumer-
ators who had been trained by study investigators. A team of
supervisors oversaw MUAC measurement collection and
provided feedback by following a checklist of items while
observing enumerators collecting data. Checklist items in-
clude the armused by the enumerator, the position of the child
and their arm during measurement collection, if they mea-
sured the midpoint of the arm correctly, and if the MUAC tape
was placed correctly (e.g., not too tight or too loose). Addi-
tional MUAC measurements were not collected either by the
enumerator or the supervisor. Only a single MUAC measure-
ment was obtained from each child because of time and re-
source constraints in the study. Children with MUAC <
11.5 cmwere referred to a nutritional program for severe acute

malnutrition (SAM). Children with MUAC < 12.5 cm were
considered to have moderate acute malnutrition (MAM). Mid-
upper arm circumference measurements were taken in a
median of 9.4months after the household survey (interquartile
range [IQR]: 8.7–10.2 months). Mid-upper arm circumference
measurements were not collected as part of the household
survey.
Statistical methods. Descriptive characteristics were cal-

culated overall and by whether or not the child hadMAM, with
medians and IQRs for continuous variables and proportions
for categorical variables. We used logistic regression models
to assess the association between 1) the type of latrine most
commonly used by the household (categorized as improved
latrine, unimproved latrine, or open defecation) and 2) the type
of well (shallow or deep) used during the dry season andMAM
as defined by the MUAC measurement, adjusted for the
child’s age andgender, the number of rooms in the household,
and radio and mobile telephone ownership as proxies for so-
cioeconomic status, with standard errors adjusted for clus-
tering at the household level using a Huber–White sandwich
estimator. We only modeled water source during the dry
season because of lack of variability in water sources used
between the dry and rainy seasons. We then used linear re-
gression models adjusted for the same covariates to assess
the relationship between the child’s MUAC as a continuous
variable and 1) latrine and 2) well type used by the household,
with standard errors accounting for household-level cluster-
ing. A second set of models was run including the child’s
ethnicity and religion and the household wealth index as
covariates. These were included in a separate model because
ofmissing data in these variables. Thesemodels also included
the child’s age and gender and the number of room’s in the
household, with standard errors adjusting for clustering at the
household level using a Huber–White sandwich estimator.
Becauseof the lowprevalenceofSAM,wedid not evaluate the
relationship between latrine orwell type andSAM.All analyses
were conducted inStata 15.1 (StataCorp,CollegeStation, TX).

RESULTS

We linked 32,165 children aged 6–59 months in 17,311
households between the two surveys. Median MUAC was
14.5 (IQR: 13.9–15.4) cm; 931 (2.9%) children had MAM; and
89 (0.3%) children had SAM. Mean MUAC was 14.6 (SD: 1.2)
cm. All, except one, MUAC measurements were in the
9–19.5 cm range. Approximately half of the children were fe-
male, but children with MAM were slightly more often female
than male (Table 1). Children with MAM were younger than
children without MAM (Table 1).
Children living in a household with an unimproved latrine

had increased odds of MAM as determined by MUAC com-
paredwith those living in a household with an improved latrine
(adjusted odds ratio: 1.60; 95% CI: 1.11–2.31; Table 2), but
this relationship did not persist after adjusting for ethnicity,
religion, and household wealth index. The absolute difference
in prevalence of MAM was small between children in house-
holds with unimproved versus improved latrines (1.1%, 95%
CI: 0.4–1.9). There was no statistically significant difference in
MAM in children in households practicing open defecation
versus those with improved latrines. Children in both house-
holds with unimproved latrines and in those practicing open
defection had lower mean MUAC than those in households
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with an improved latrine (Table 3), consistent with approxi-
mately 0.15cm (15mm) reducedMUAC inhouseholdswithout
an improved latrine compared with those with an improved
latrine. This relationship was attenuated when adjusting for
ethnicity, religion, and household wealth index (Table 3).

Household use of a dug well compared with a borehole for
drinking water during the dry season was not associated with
MAM (Table 2). On average, children in households that pri-
marily used a dug well had 0.10 cm (10 mm) smaller MUAC
than those that used a borehole (mean difference −0.10, 95%

TABLE 1
Descriptive characteristics of children with and without moderate acute malnutrition (N = 32,172)

Severe acute
malnutrition*

Moderate acute
malnutrition†

No moderate
acute

MUAC (median,
IQR)

Total 89 842 31,241 14.5 (13.9 to 15.4)
Child’s gender§k

Male 33 (37.1%) 363 (43.1%) 15,860 (50.8%) 14.6 (14 to 15.5)
Female 56 (62.9%) 479 (56.9%) 15,381 (49.2%) 14.5 (13.7 to 15.4)

Age (months)§k

6–11 31 (34.8%) 211 (25.1%) 2,457 (7.9%) 13.8 (13 to 14.5)
12–23 33 (37.1%) 346 (41.1%) 6,898 (22.1%) 14 (13.3 to 14.7)
24–35 19 (21.4%) 188 (22.3%) 6,961 (22.3%) 14.5 (13.8 to 15.1)
36–47 5 (5.6%) 61 (7.2%) 7,237 (23.2%) 15 (14.2 to 15.6)
48–59 1 (1.1%) 36 (4.3%) 7,688 (24.6%) 15.1 (14.5 to 16)

Ethnicity§k

Dafing/Marka 14 (15.7%) 146 (17.3%) 6,818 (21.8%) 14.6 (14 to 15.5)
Bwaba 16 (18.0%) 162 (19.2%) 9,764 (31.3%) 14.8 (14 to 15.5)
Mossi 3 (3.4%) 35 (4.2%) 2,237 (7.2%) 14.6 (14 to 15.5)
Samo 6 (6.7%) 26 (3.1%) 573 (1.8%) 14.5 (13.6 to 15)
Peulh 28 (31.5%) 205 (24.5%) 4,375 (14.0%) 14.2 (13.5 to 15)
Other 15 (16.7%) 185 (22.0%) 5,067 (16.2%) 14.3 (13.5 to 15)
Missing 7 (7.9%) 82 (9.7%) 2,407 (7.7%) 14.5 (13.8 to 15.4)

Religion§k

Muslim 65 (73.0%) 585 (69.5%) 18,281 (58.5%) 14.5 (13.7 to 15.3)
Catholic 15 (16.9%) 102 (12.1%) 7,041 (22.5%) 14.8 (14 to 15.5)
Protestant 1 (1.1%) 47 (5.6%) 2,402 (7.7%) 14.8 (15 to 15.5)
Animist 1 (1.1%) 26 (3.1%) 992 (3.2%) 14.6 (14 to 15.5)
Other 0 0 118 (0.4%) 14.5 (14 to 15.3)
Missing 7 (7.9%) 82 (9.7%) 2,407 (7.7%) 14.5 (13.8 to 15.4)

MUAC, median (IQR)§ 11 (10.5 to 11) 12 (12 to 12.2) 14.6 (14 to 15.5) N/A
Latrine type§k

Improved 6 (6.7%) 31 (3.7%) 1,776 (5.7%) 14.7 (14 to 15.5)
Unimproved 45 (50.6%) 494 (58.7%) 16,701 (53.5%) 14.5 (13.8 to 15.4)
Open defecation 38 (42.6%) 317 (37.7%) 12,757 (40.8%) 14.5 (13.9 to 15.4)

Well typek

Borehole 15 (16.9%) 105 (12.5%) 4,397 (14.1%) 14.7 (14 to 15.5)
Shallow dug well 74 (83.2%) 737 (87.5%) 26,837 (85.9%) 14.5 (13.8 to 15.4)

Number of rooms in
household, median (IQR)

3 (2 to 5) 3 (2 to 5) 3 (2 to 4) N/A

Household owns mobile phone
Yes 69 (78.4%) 678 (80.9%) 25,073 (80.8%) 14.5 (13.9 to 15.5)
No 19 (21.6%) 160 (19.1%) 25,073 (19.2%) 14.5 (13.8 to 15.4)

Household owns radio§k

Yes 31 (34.8%) 391 (46.8%) 15,067 (48.7%) 14.5 (13.9 to 15.5)
No 58 (65.2%) 444 (53.2%) 15,861 (51.3%) 14.5 (13.8 to 15.4)

Household wealth index‡ −0.4 (−1.7 to 0.5) −0.2 (−1.1 to 1.1) −0.1 (−1.1 to 1.3) N/A
ANOVA = analysis of variance; IQR = interquartile range; MUAC = mid-upper arm circumference; N/A = not applicable.
* Defined as MUAC < 11.5 cm.
†Defined as MUAC ³ 11.5 cm to < 12.5 cm.
‡ Principal components analysis combining a series of questions related to household resources; responses available for N = 27,480 children.
§P < 0.05 across categories for malnutrition status by Fisher’s exact test (categorical variable) or ANOVA (continuous variable).
kP < 0.05 for MUAC by ANOVA.

TABLE 2
Associations between household-level water and sanitation characteristics and MAM (mid-upper arm circumference < 12.5 cm)

Bivariate Multivariable* Multivariable†

%MAM OR (95% CI) P-value aOR (95% CI) P-value aOR (95% CI) P-value

Latrine type
Improved 37 (2.0%) 1.00 – 1.00 – 1.00 –

Unimproved 539 (3.1%) 1.55 (1.08 to 2.22) 0.02 1.60 (1.11 to 2.31) 0.01 1.24 (0.85 to 1.81) 0.28
Open defecation 355 (2.7%) 1.34 (0.93 to 1.93) 0.12 1.36 (0.94 to 1.98) 0.11 1.06 (0.72 to 1.57) 0.76

Well type
Borehole 111 (2.6%) 1.00

0.23
1.00

0.29
1.00

0.89Shallow dug well 811 (2.9%) 1.13 (0.92 to 1.38) 1.12 (0.91 to 1.37) 1.02 (0.82 to 1.25)
aOR = adjusted odds ratio; MAM = moderate acute malnutrition; OR = odds ratio.
* Adjusted for child’s age, gender, number of rooms in the household, and household’s mobile phone and radio ownership (N = 32,172).
†One adjusted for child’s age, gender, number of rooms in the household, household wealth index, ethnicity, and religion (N = 27,469).
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CI: −0.14 to −0.06; Table 3), which was similar in models
adjusting for ethnicity, religion, and household wealth index.
The percentage of households using a dug well during rainy
season was similar to that in dry season, and results of the
association of drinking water source with nutritional status
were similar, regardless of season.

DISCUSSION

In this large population-based survey of children in north-
western Burkina Faso, we found small, but statistically sig-
nificant, associations between household latrine type and
nutritional status, as determined by MUAC. At the individual
level, these differences may not translate to substantial dif-
ferences in nutritional status for children. An absolute re-
duction of 1% of acute malnutrition could represent large
differences in absolute numbers of children at the population
level. However, small effect sizes are more likely to be due to
bias in large observational studies as a smaller amount of
bias would be required to account for the association, and
this association could be due, at least in part, to unmeasured
confounding. In models adjusting for the child’s ethnicity,
religion, and the full household wealth index, relationships
were generally attenuated. This could mean that models not
adjusting for these variables had unmeasured confounding
or that the population without missing data for these vari-
ables is different from that with missing data. Mid-upper arm
circumference is the most commonly used indicator for
community-based screening for malnutrition and has been
shown to be a better predictor of mortality than other an-
thropometric measurements.10 If true, any benefit of im-
proved latrine access could yield important population-level
benefits.
Access to an improved latrine and improved water sources

is hypothesized to lead to better nutritional outcomes via a
reduction in enteric pathogen transmission. Trials of rural
sanitation and water quality interventions have shown mixed
effects for implementation of WASH interventions on diarrhea
prevalence and linear growth.1–4,15–18 In areas with high
prevalence of diarrhea, it may be difficult to reduce pathogen
transmission via WASH and WASH behavior–related inter-
ventions. Results of trials may be discordant from our results
for several reasons, including confounding by socioeconomic
status or other common causes of household WASH access
and child nutritional status. For example, households with

greater socioeconomic resources likely feed their children
more diverse and nutrient-rich diets, which improves nutri-
tional status,19 and may also have better access to improved
sanitation. Although models were adjusted for some proxies
of socioeconomic status, including radio and mobile phone
ownership, there is possibly residual confounding by socio-
economic status that we were unable to account for.6 This is
partially supported by attenuation of effects in models that
were adjusted for a household wealth index that combined
responses for 20 different household use items.
Drinking water sources were categorized as borehole ver-

sus dug well in this survey. We did not ask specifically about
access to improved drinking water sources nor did we ask
about handwashing availability or drinking water storage.
Boreholes are deeper than the shallower dugwells andmaybe
less vulnerable to contamination from other environmental
sources; however, both have been shown to harbor Escher-
ichia coli.20 A lack of difference in acutemalnutrition by type of
well may be explained by the presence of potentially patho-
genic bacteria present in both drinking water sources. How-
ever, we did not collect water samples from water sources in
the study area and cannot comment on the presence of
pathogenic bacteria in this region.
Mid-upper arm circumference is an easy-to-use measure

for identifying children with MAM and SAM and is commonly
used for community-based screening.21 Acute malnutrition
can also be defined based on the WHZ. Mid-upper arm cir-
cumference has been shown to be a better predictor of mor-
tality than the WHZ in a similar population-based setting.10

Clinic-based settings have demonstrated that these two
methods identify different subgroups of children and, in
some cases, have shown that children with SAM diagnosed
via WHZs have higher mortality than those with MUAC.22,23

Mid-upper arm circumference screening alone may miss
some children with MAM or SAM. The current study was
part of a large, community-based trial,13 and WHZ mea-
surement was not feasible at this operational scale. How-
ever, the relationship between access to WASH and
nutritional status may differ based on different anthropo-
metric indicators.
In addition to issues outlined earlier, there are several limi-

tations of this analysis to note. Although more than 30,000
children were included in this analysis, the number of children
with MAM and in households with improved latrines was lim-
ited, which means that there was limited power for some

TABLE 3
Associations between household-level water and sanitation characteristics and MUAC in cm

Bivariate Multivariable* Multivariable†

MUAC median (interquartile
range) Meandifference (cm) (95%CI) P-value

Adjusted mean difference (cm)
(95% CI) P-value

Adjusted mean difference (cm)
(95% CI)

P-
value

Latrine type
Improved 14.7 (14.0 to 15.5) Ref – Ref – Ref –

Unimproved 14.5 (13.8 to 15.4) −0.15 (−0.21 to 0.09) < 0.001 −0.16 (−0.21 to −0.10) < 0.001 −0.08 (−0.14 to −0.01) 0.02
Open

defecation
14.5 (13.9 to 15.4) −0.13 (−0.19 to −0.07) < 0.001 −0.14 (−0.20 to −0.08) < 0.001 −0.08 (−0.15 to −0.02) 0.01

Well type
Borehole 14.6 (14.0 to 15.5) Ref Ref Ref
Shallow dug

well
14.5 (13.8 to 15.4) −0.10 (−0.15 to −0.06) < 0.001 −0.10 (−0.14 to −0.06) < 0.001 −0.07 (−0.12 to −0.03) 0.001

cm = centimeter; MUAC = mid-upper arm circumference.
* Adjusted for child’s age, gender, number of rooms in the household, and household’s mobile phone and radio ownership (N = 32,172).
†One adjusted for child’s age, gender, number of rooms in the household, household wealth index, ethnicity, and religion (N = 27,469).
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comparisons. As previously mentioned, we did not have an-
thropometric indicators, other than MUAC, and cannot com-
ment on associations between WASH indicators and chronic
malnutrition.Wedidnotmeasurediarrheaormeasurementsof
pathogen burden to understand whether households with
improved WASH had lower infection burden because the
primary goal of the initial household surveywas to understand
basic household resources and characteristics. Household
WASH indicators were limited to toilet type used by the
household and source of drinking water. Because of resource
limitations in the study, we did not conduct formal structured
observations or collect additional information about WASH
variables that may be important, such as drinking water stor-
age or handwashing facilities. Finally, household character-
istics were measured by the head of household interview and
not objectively verified. Heads of households may have
underreported open defecation because of social desirability
bias. We do not anticipate that this misclassification would be
differential with respect to MUAC measurements and thus
would most likely bias effect measures toward the null. For
example, we found that unimproved latrine usage may be
associated with MAM compared with improved latrine usage,
but not open defecation. If open defecation was under-
reported because of social desirability bias, this could po-
tentially explain this result. Strengths of this study include the
large sample size that is representative of the entire district
and the use of longitudinal data. The longitudinal data avail-
able in this study decrease some of the potential for reverse
causality that would be introduced by the use of cross-
sectional data.
In this large census-based study of children in northwestern

Burkina Faso, we found a small, but statistically significant,
association between access to improved latrines and bore-
hole versus dug wells and MUAC in children younger than 5
years. Children in households with improved access toWASH
may have reduced enteric pathogen exposure that improves
their nutritional status; however, this relationship may also be
due to residual confounding by socioeconomic status. Col-
lection of data related to diarrhea and environmental samples
could improve estimates and understanding mechanisms of
the effect of latrine conditions and different water sources on
pathogen exposure, diarrhea, and nutritional status.
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