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• Addressing school water, sanitation, and
hygiene requires a mixed-methods ap-
proach.

• Dehydration is a useful indicator of water
insecurity and can be measured in urine.

• Children who had no hygiene lessons in
school were more likely to be stunted.

• Proper handwashing and hygiene educa-
tion should be promoted in schools and
homes.
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 Introduction: Diarrhoea, malnutrition, and dehydration threaten the lives of millions of children globally due to inad-

equatewater, sanitation, and hygiene (WaSH). Our study aimed to identify environmental and behavioural risk factors
of these health outcomes among schoolchildren in Metro Manila, Philippines.
Materials and methods:We analysed data from amultistage cluster sample of schoolchildren in grades 5, 6, 7, 9, and 10
(ages ~10–15 years old) to investigateWaSH facilities and hygiene practices. Outcomeswere: self-reported diarrhoea,
measured via questionnaire; observed malnutrition (stunting, undernutrition [underweight/thin and wasted/severely
thin], over-nutrition [overweight and obese]), measured via anthropometry; dehydration, measured via urine specific
gravity/urine test strips. We used multiple logistic regression to explore correlates.
Results:We included 1558 students from 15 schools in three cities. Over 28% (421) of students had diarrhoea and 68%
(956) were dehydrated. Over 15% (227) of students were stunted, ~9% (127) were undernourished, and >21% (321)
were over-nourished. Diarrhoea was associated with poor handwashing, while dehydration was associated with the
lack of water in school restrooms. Stunting was linked with not using the school restroom, the lack of water in school
restrooms, and the lack of hygiene lessons in school. Undernutrition was associated with the lack of a school restroom
cleaning policy. Risks of diarrhoea, stunting, and undernutrition decreased as the number of school restrooms
Keywords:
Dehydration
Diarrhoea
Nutrition
Paediatrics
Water quality
rch (ZEF), University of Bonn, Genscherallee 3, 53113 Bonn, Germany.
), aglemence1@up.edu.ph (A.L.G. Lemence), mcayetano@iesm.upd.edu.ph (M.G. Cayetano), john.valencia001@deped.gov.ph
stemann), cb@uni-bonn.de (C. Borgemeister).

28 April 2022; Accepted 8 May 2022

er B.V. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2022.155882&domain=pdf
http://dx.doi.org/10.1016/j.scitotenv.2022.155882
cb@uni-bonn.de
Journal logo
http://dx.doi.org/10.1016/j.scitotenv.2022.155882
http://creativecommons.org/licenses/by-nc/4.0/
Unlabelled image
http://www.sciencedirect.com/science/journal/00489697
www.elsevier.com/locate/scitotenv


S.O. Sangalang et al. Science of the Total Environment 838 (2022) 155882
increased. Risks of stunting and overnutrition decreased as the numbers of school toilets increased. Having more than
seven handwashing basins was associated with decreased risk of dehydration.
Discussion: Findings from our cross-sectional study cannot describe causation.We have found associations that suggest
that school restroom cleaning policies, adequate water supply, improved handwashing, and hygiene education are
needed to prevent disease. School-based WaSH interventions are recommended to provide water in school WaSH
facilities, promote handwashing, and improve hygiene-related knowledge.
1. Introduction

Diarrhoea affects 2.39 billion people globally and caused 1,655,944
deaths in 2016 (Troeger et al., 2018). In the same year, about 60% of diar-
rhoea deaths (829,000) were attributed to inadequate water, sanitation,
and hygiene (WaSH) (Prüss-Ustün et al., 2019). Nearly 90% of deaths oc-
curred in South Asia and sub-Saharan Africa (Naghavi et al., 2017). People
of low socioeconomic status (SES) are disproportionately affected due to
their high exposure to risk factors like inadequate WaSH facilities and
food insecurity. In 2016, diarrhoea resulted in 74.4 million disability-
adjusted life-years (DALYs) (Troeger et al., 2018). Diarrhoea has been asso-
ciated with high annual costs, ranging from United States Dollar (USD)
$1.3–$1.7 million in Rwanda (Ngabo et al., 2016) to USD $926.4 million
in China (Jin et al., 2011).

Malnutrition affects about one out of three people globally (World
Health Organization [WHO], 2017a). In 2017, stunting affected 22.2%
(150.8 million) of all children <5. In 2017, while 5.6% (38.3 million) of
children were overweight, 7.5% (50.5 million) were wasted or thin
(Development Initiatives, 2018). Undernutrition, especially in low- and
middle-income countries (LMICs), caused 45% of deaths in children <5
(Black et al., 2013). Overweight and obesity caused ~7% of deaths (4 mil-
lion) and 120 million DALYs (Naghavi et al., 2017). Malnutrition, in all its
forms, costs society ~USD $3.5 trillion, or 5% of the global gross domestic
product, annually (Food and Agriculture Organization of the United
Nations, 2013). Preventing children's malnutrition involves preventing in-
fectious diseases that precipitate imbalanced protein and/or energy intake.
Risk of infectious diseases, in turn, can be decreased by improving WaSH
(Ashraf et al., 2020; Trinies et al., 2016). Examples of WaSH improvements
include interrupting routes of faecal-oral disease transmission through
proper handwashing, safe handling of food and disposal of faeces, and pro-
viding access to clean water. In 2016, 6000 deaths due to malnutrition
could have been prevented by improving WaSH (Prüss-Ustün et al., 2019).

The purpose of this study was to assess risk factors of diarrhoea, malnu-
trition, and dehydration inMetroManila, Philippines. We collected data on
students' health history, hydration, nutrition, hygiene practices, andWaSH-
related perceptions, as well as schools'WaSH facilities and policies, in order
to find out if certain child- or school-level factors increased children's risks
for diseases. We collected data from a subsample of children's households,
assessing demographic information, families' handwashing practice, food
security, and home WaSH facilities.

2. Materials and methods

2.1. Study area

The Philippines has a tropical monsoon climate, with dry (December–
May) and wet (June–November) seasons. The National Capital Region,
known as Metro Manila, is a megacity that had ~13.5 million inhabitants
in 2020 (Philippine Statistics Authority, 2021), comprising 12.4% of the
country's population. In 2016, 14,800 deaths, including ~4113 from diar-
rhoea, were attributed to inadequate WaSH in the Philippines (Prüss-
Ustün et al., 2019). Diarrhoea is the sixth leading cause of disease in
Metro Manila and among the top 10 causes of disease nationally
(Philippines Department of Health, 2018). In 2018, the prevalence rates
of school-age (6–10 years old) children's stunting, underweight, wasting/
thinness (low weight-for-height), and overweight-for-height were: 24.5%,
25%, 7.6%, and 11.7%, respectively (Vargas, 2019). Over 29,000 annual
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deaths of children <5 in the Philippines were attributed to undernutrition
(United Nations International Children's Emergency Fund [UNICEF],
2018). While undernutrition alone costs the Philippines USD $4.4 million
annually (UNICEF, 2018), the overall cost of hunger was USD $6.5 billion
in 2013 (Save the Children Philippines, 2016).

The Philippines Department of Education operates 54,602 public
schools nationally and hosted >22.6 million children during school year
2018–2019 (Philippines Department of Education, 2019a). While public
schools receive government funding, they are often severely under-
staffed, have a shortage of classrooms, and are frequently overcrowded.
The country's poorest children attend public schools.

2.2. Study design, sampling, and sample estimation

We conducted a school-based survey on a multistage cluster sample of
primary and secondary school students from 15 public schools in Metro
Manila, where prevalence rates of diarrhoea and malnutrition are high
but access to environmental health and hygiene education is low. This
paper describes a cross-sectional study that took place during the dry season
and the beginning of the wet season (February–June 2017), was observa-
tional, and part of a larger research project, “WaSH in Metro Manila
Schools”, which involved developing and evaluating a comprehensive,
school-based WaSH intervention package. We focused on two cities in
Metro Manila, Navotas and Quezon City (Fig. 1), because they are consid-
ered geographically and socio-demographically representative of the 14
other cities that constitute Metro Manila. Our sampling frame (Fig. 2) was
the total number of public schools in Navotas and Quezon City, which
consisted of 164 schools in 160 “barangays” (the smallest government
units in the Philippines) in eight legislative districts.

During thefirst stage of sampling, we obtained annual school enrolment
data for school year 2015–2016 from the Philippines Department of Educa-
tion (2019a), identified all public primary schools in Navotas and Quezon
City, and sorted them by enrolment size, from largest to smallest. We se-
lected 25 schools from the top of the sorted list to invite to participate in
our study. After applying our inclusion criteria (i.e., accessibility of class-
rooms during school-day hours and availability of WaSH facilities), we
identified 15 schools to visit and ask permission from school principals to
conduct our survey. One of the 15 schools had served as the location of
our previous pilot study wherein we tested our survey instruments. A
16th school, located in the city of Manila, asked us directly to participate
in the study. Before we finished our recruitment of study participants, one
of the schools we invited to join refused to participate in the study. Thus,
our final study sample came from 15 out of 16 originally contacted schools
in three cities (participation rate: 93.8%). During the second stage of sam-
pling we asked school principals, or representatives who were familiar
with students' schedules, to select the class section(s) that we would survey
based on scheduling availability to help us comply with the Philippines
Department of Education's “no disruption of class” policy. Applying our in-
clusion criteria, of recruiting students in grade five or six (ages ~10–11
years old) from primary schools and students in grade seven, nine, or 10
(ages ~12–15 years old) from secondary schools, school principals/repre-
sentatives selected the class section(s). Based on the school's enrolment
size, one to three class sections per school were selected in order to obtain
a target sample of ~100 students per school. All students belonging to the
selected class section(s) were invited to participate in our study if they
met our inclusion criteria: able to 1) read, comprehend, and answer our
questionnaire; 2) operate an electronic tablet independently or with



Fig. 1.Map of study area. Themap shows the study area in the Philippines' National Capital Region, known asMetroManila. Points mark the location of study schools. In the
lower right inset map, the red pushpinmarker indicates where the location of the study area is within the Philippines, specifically in the northernmost island group of Luzon.
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minimal assistance; 3) provide a urine specimen; and 4) be measured for
height and weight.

Prior to starting field research, we estimated the sample size. Our target
population was all the public school children in Metro Manila. There was a
total of 2,059,447 public school children (1,373,852 elementary and
685,595 secondary school children) in Metro Manila in school year
2014–2015 (Philippines Department of Education, 2019a). For this base-
line survey, in order to estimate proportion parameters in schoolchildren,
the precision of a 95% CI should be five percentage points. As the preva-
lence is not known (assumed to be 50%), the sample size was estimated
as N = 399 under a finite population size of ~2.1 million (based on the
Philippines Department of Education data for school year 2014–2015).
The sample size was calculated via PASS (NCSS) software (2006 version).
We inflated the sample by 30% to account for nonresponse and 45% for re-
fusal. To account for differences in schools' enrolment sizes and the possible
effects of the study design, we inflated the sample by another 45% and
20%, respectively. Our target sample size was N = 1309, and 1558 stu-
dents enrolled in the study. We received complete responses to questions
about outcomes and exposures of interest from 1296 students (response
rate: 83.2%). We conducted household surveys on a subsample of students
and their parents/guardians as described below.

2.3. Data collection

We developed a self-administered questionnaire (Appendix 1) in
English for students and then translated it into Tagalog (Filipino language).
We developed structured interview scripts for school principals and par-
ents, school and home restroom inspection checklists, and student health
examination data entry forms. We pilot tested these electronic survey in-
struments at one school, and then refined them to improve understandabil-
ity. Except for the students' health examination data entry forms, which we
preserved as Microsoft Excel© files, the final versions of all survey
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instruments were administered using the QuickTapSurvey© app installed
on password-protected electronic tablets.

Research assistants received hands-on training from the research super-
visor during a one-day workshop prior to conducting field research. To
begin the school survey, we went to schools, and research assistants gave
a simple explanation in Tagalog about the study to the students, who
were assigned a study identification number, which students were
instructed to input into questionnaires instead of their names to ensure an-
onymity and confidentiality. Research assistants measured students' height
(without shoes), using a standard tapemeasure attached to the classroomor
hallway wall, and weight (without shoes or items inside their pockets),
using a standard digital weighing scale [EKS Asia Ltd., Hong Kong, People's
Republic of China]. Research assistants performed point-of-care urine anal-
ysis on students' urine specimens, using urine test strips [Insight Urinalysis
Reagent Strips, Acon Laboratories Inc., San Diego, California, U.S.A.]. Re-
search assistants completed the school restroom inspection checklist and
took digital photos ofWaSH facilities (toilets, urinals, handwashing basins);
they also interviewed school principals/representatives about schoolWaSH
policies. The research supervisor verified adherence to research protocols
via direct observation. We obtained other school data, e.g., annual budget
for maintenance and other operating expenses, from the Philippines
Department of Education (2019a, 2019b, 2019c).

2.4. Dependent variables

We measured diarrhoea prevalence via students' self-report assessed by
a questionnaire. The rationale for using self-report were: reliability, valid-
ity, convenience, and the ability to quickly, affordably, and accurately as-
sess prevalence in a large sample of children. In our study, diarrhoea was
defined as a numeric answer greater than zero to one question in the ques-
tionnaire (“How many times have you had diarrhoea in the last month?”).
We used the WHO's definition of diarrhoea, i.e., having ≥three loose/

Image of Fig. 1


Fig. 2. Flow diagram of recruitment of public schools showing school selection, inclusion, and analysis.
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liquid bowel movements (i.e., passing stools or faeces) in one day (WHO,
2017b).

We measured stunting, undernutrition, and over-nutrition as follows:
1) We used anthropometry to measure children's height and weight; 2) we
used the WHO AnthroPlus software (WHO, Geneva, Switzerland) to calcu-
late z-scores; 3) we used the WHO 2007 Growth Reference for children
5–19 years old (de Onis et al., 2007) and WHO's cut-off points for z-scores
to classify children's nutrition status (WHO, 2007a, 2007b). “Stunting” was
defined as having a height-for-age z-score (HAZ) < −2 (Appendix 2). We
considered “undernourished” to be a composite variable, i.e., comprised of
two variables. First, we considered “underweight” (or “thin”), which is
based on body mass index (BMI)-for-age z-score (BAZ). BMI is calculated
with the formula: weight (kg) / [height (m)]2. The cut-off points for z-
scores for “underweight” are−3< BAZ<−2. Second, we defined “wasted”
(or “severely thin”) as BAZ < −3. We considered “over-nourished” to be a
composite variable, i.e., comprised of two variables. First, we defined “over-
weight” as 1 < BAZ < 2. Second, we defined “obese” as BAZ > 2.

Dehydration was defined as having highly concentrated urine, i.e., urine
specific gravity (Usg) ≥ 1.020 (Pagana et al., 2015), measured using urine
test strips (Insight Urinalysis Reagent Strips, Acon Laboratories Inc., San
Diego, California, U.S.A.).Weused the cut-off point ofUsg 1.020because it cor-
responds to a urine osmolality (Uosm), which is considered to be the gold
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standard of urine-based measures of dehydration (Armstrong et al., 1994), of
800 mOsm/kg H2O. This is the cut-off point used in previous studies
involving dehydrated children (Bar-David et al., 2005).Wedefinedmild,mod-
erate, and severe dehydration as Usg of 1.020, 1.025, and 1.030, respectively.

2.5. Independent variables

We assessed risk factors at the individual- and school-levels. We defined
children as individuals <13 years old and teenagers as individuals ≥13
years old. We asked students about handwashing, use of and perceptions
about school WaSH facilities, their health history and nutrition, and if hy-
giene lessons were taught in school. We asked school principals about
WaSH-related school policies. We counted the number and assessed the
quality of school WaSH facilities, noting characteristics of improved versus
unimproved sanitation (WHO/UNICEF Joint Monitoring Programme for
Water Supply and Sanitation, 2010). We estimated student-to-toilet and
student-to-handwashing basin ratios based on the Philippines Department
of Health (1998) guidelines, which do not include specific or fixed ratios
(Appendix 2). Rather they recommend a range of numbers for WaSH facil-
ities that are sex-specific. We decided not to base our estimations on the
WHO guidelines (WHO et al., 2009) (Appendix 2) because public schools
in many parts of the Philippines, similar to other LMICs, currently have

Image of Fig. 2
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limited capacity to effectively address the over-crowding of students on
school campuses. We provide operational definitions in Appendix 2.

We conducted a survey with a subsample of students' households to as-
sess risk factors, e.g., food security, access to drinking water, at the home
level. If a student provided a functioning telephone number during the
questionnaire portion of the school survey, then his/her parent/guardian
was contacted by a research assistant to be recruited for the household sur-
vey. Our main interest was to estimate the children's parameters with cer-
tain precision (±5%) but not the parameters of their background (e.g.
family, household environment), as this was beyond the scope of our
study. Therefore, this limitation to 20% of the background information
was determined by the feasibility of the overall study only. We aimed to
sample ~10–12 parents/guardians per school and to inflate the sample
by 10% to account for nonresponse or refusal. The target sample was
N=225 parents/guardians.We collected samples for tests of water quality,
specifically faecal contamination, from study schools and a separate sample
of households (located in the school neighbourhood) in April 2018. We re-
port our water quality indicators in Appendix 3. We assessed water samples
according to the 2017 Philippine National Standards for Drinking Water
(Philippines Department of Health, 2017).

2.6. Statistical analysis

We downloaded data from the QuickTapSurvey© app as Microsoft
Excel© files. We used key matching data (students' self-reported date of
birth and telephone number) to link data from students' questionnaires
and health examinations to home restroom inspections and parents'/guard-
ians' interviews. We used Stata, version 15 (StataCorp, College Station,
Texas, U.S.A.), to prepare data for analysis.

To describe exposure to inadequate WaSH, we measured frequencies
and interquartile ranges (IQRs) relevant to schools' and homes' WaSH facil-
ities. Data from school inspections were summarized at the school-level by
measuring the mean scores of individual facility inspections. To describe
outcomes of diarrhoea and malnutrition, we measured prevalence rates of
diseases using contingency tables with estimates of standard error (SE)
and 95% confidence intervals (CI).

To identify statistically significant factors associatedwith diarrhoea,mal-
nutrition, and dehydration, we used multiple logistic regression (Appendix
4), which produces adjusted odds ratios (aORs). In contrast to unadjusted
ORs, aORs allowed us to control for confounding. We considered the follow-
ing potential confounders: children's sex, age group, self-reported food
intake and health status, hygiene behaviours, andWaSH-related perceptions,
and schools' WaSH facilities (quantity, quality) and related policies and
budget. We considered p-values < 0.05 to be statistically significant.

For all multiple logistic regressionmodels, clusteringwas controlled for by
using the “cluster” option in Stata. It is important to account for clustering be-
cause of the potential for within-group (“intragroup”) correlation among chil-
dren from the same school and to adjust the SE of estimates. The “cluster”
option in Stata enabled us to indicate that the observations were clustered
into schools (based on school identification number) and that the observations
may be correlatedwithin schools, butwould be independent between schools.

We analysed the main study sample with multiple logistic regression
models, including variables such as: student does not wash hands in school,
school restroom lacks water, and school lacks policy for cleaning restrooms
daily. We analysed the subsample with multiple logistic regression models,
including variables such as: the home restroom is not clean, it has signs of
mould, and the number of adults in the home.

2.7. Ethics

Ethical approval for this study was granted by the Ethics Committees of
the University of Bonn, Germany (approval date: 28 September 2016;
reference number: 216/16), and the University of the Philippines Manila
(approval date: 23 February 2017; reference number: 2017-0113). We ob-
tained written approval from the Philippines Department of Education
through division superintendents. As per local procedure, we obtained
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written informed consent from school principals “in loco parentis”, i.e., in
the place of a parent. In Tagalog, we described to the children the study pro-
cedures and stated that participation in our study was voluntary and that
anyone could decide to stop participating in the study anytime.

3. Results

3.1. Description of study population and WaSH characteristics

We measured diarrhoea, malnutrition, and dehydration prevalence in
1558 students from 15 schools in three cities (Appendix 5). Students were
9–19 years old; 66.7% (1039) were <13 years old and 73.1% (1085) con-
sidered themselves to be “healthy” (Table 1). Over 16% (239) of students
said they avoided the school restroom and, while >91% of students
(1359) said they washed their hands at school, only 53% (554) said they
washed their hands with soap and water at school.

During our assessment of associated risk factors of diseases, we ex-
cluded 266 students (17.1%): 167 because of nonresponse on outcomes
or logistic regression model covariates and 99 (6.4%) because they
attended a school where the school principal declined our request to inspect
the school restrooms during the baseline study.

We found handwashing basins in ~86% of schools (12); ~33% (26) of
handwashing basins lacked water and >82% (65) lacked soap (Table 2).
Over 33% (4) of schools had water that was contaminated by coliform bac-
teria, while 24% (3) had water that was contaminated by Escherichia coli
(E. coli) (Appendix 3).

3.1.1. Subsample
From our main study sample, we found N = 211 students whose par-

ent/guardian was willing to participate in our household survey. The sub-
sample of students was 66% (134) female and ~73% of students were
<13 years old (Table 2). Households had a median of six people (inter-
quartile range [IQR] 4, 8) and the median duration of residence in the
home was 13 years (IQR 5, 25). We report results of water quality testing
in homes in Appendix 3.

3.2. Measurement of health outcomes

Over 28% (421) of students reported having diarrhoea in the lastmonth.
Over 15% (227) of students were stunted, ~9% (127) were undernour-
ished, and >21% (321) were over-nourished. Sixty-eight percent (68%) of
students (956) had highly concentrated urine (Usg ≥ 1.020), indicative of
dehydration. A greater proportion of males (68.7%, 432) compared to
females (67.5%, 524), and a greater proportion of teenagers (72.1%, 354)
compared to children (65.9%, 602), were dehydrated (Appendix 6).

3.3. Associations between diarrhoea, dehydration, and school WaSH

Students' not washing their hands in school was significantly associated
with increased odds of diarrhoea (aOR 1.77, 95% CI = 1.18 to 2.65)
(Table 3). Diarrhoea risk decreased as the number of school restrooms in-
creased (Table 3) and when schools had the maximum maintenance and
other operating expenses budget (aOR 0.42, 95% CI = 0.31 to 0.57). The
lack of water in school restrooms was associated with mild (aOR 1.84,
95% CI = 1.63 to 2.08) and moderate dehydration (aOR 2.21, 95% CI =
1.71 to 2.87). Risk of mild dehydration decreased as the number of school
handwashing basins increased, while the risk of moderate dehydration de-
creased as the number of school toilets increased (Table 3).

3.4. Associations between malnutrition and school WaSH

Decreased risk of stunting and undernutrition was associated with
schools>50 years old and amaximummaintenance and other operating ex-
penses budget (Table 4). Risk factors of stunting were not using the school
restroom (aOR 2.26, 95% CI = 1.22 to 4.20), lack of water in school
restrooms (aOR 1.52, 95% CI = 1.21 to 1.90), and lack of hygiene lessons



S.O. Sangalang et al. Science of the Total Environment 838 (2022) 155882
(aOR 1.91, 95% CI = 1.12 to 3.26) (Table 4). Risk of stunting decreased as
the number of school restrooms increased (Table 4).

Flies in school restrooms were associated with under- and over-
nutrition (Table 4). The maximum numbers of school toilets and hand-
washing basins were associated with decreased risks for under- and
over-nutrition (Table 4). Undernutrition was associated with school
restrooms that lacked water (aOR 2.18, 95% CI = 1.54 to 3.09), while
Table 1
Characteristics of main sample of students (N = 1558) and schools (N = 15).

Student factors (N = 1588)
Sex (self-reported)
Female (self-reported)

School attendance (self-reported)
Attended school in the last 6 months
Missed class last year due to health problem or illness

Grade group (observed)
Primary (grades 5–6; ~ages 10–11 years old)

Age (self-reported)
Median (IQR)

Age group (self-reported)
Child (age < 13 years)
Adolescent (age ≥ 13 years)

Health-related knowledge, perceptions, and hygiene practices (self-reported)
Does not wash hands at school
Does not use soap when washing hands at school
Does not use school restroom
Avoids school restroom
Does not know if he/she had helminth infection
Considers oneself to be “not healthy”
No provision of hygiene lessons at school

Infectious disease (self-reported)
Had diarrhoea (in the last month)
Had helminth infection (ever)

Malnutritiona (observed)
Stunted
Undernutrition

Wasted (“severely thin”)
Underweight (“thin”)

Overnutrition
Overweight
Obese

Sign of acute dehydration (observed)
Highly concentrated urine, Usg ≥ 1.020

School factors
Number of schools with unimprovedb sanitation present
Number of schools without handwashing basin
Type of toilet, latrine (e.g. dry, non-flush)
Type of toilet, pour-flush
Type of toilet, flush
Number of toilet bowls, median (IQR)
Number of handwashing basins, median (IQR)
Number of schools that exceeded guidelines for student-to-toilet ratioc

Number of schools that exceeded guidelines for student-to- handwashing unit ratioc,d

Student-to-toilet ratio, median (IQR)
Student-to- handwashing basin ratio, median (IQR)
Number of toilets that had no nearby handwashing basin
Number of handwashing basins not near toilet
Provision of no separate toilet for females
No water available
No soap available

Note. CI, confidence interval; IQR, interquartile range; Usg, urine specific gravity; WaSH,
some proportions the denominator was not always N = 1558 due to missing data.

a Malnutrition indices are defined in Appendix 2 and were estimated using WHO Ant
(de Onis et al., 2007; WHO, 2007a, 2007b).

b Unimproved sanitation does not hygenically separate human faeces from human con
Supply and Sanitation. Progress on Sanitation and Drinking-water: 2010 Update).

c We referred to the national guidelines (Philippines Department of Health, 1998). We
enrolment data from school year 2016–2017 (Philippines Department of Education, 201
of a “double shift”. We divided the number of students by the total number of toilets, ta
males). We report sex-specific ratios in the Supplementary Data.

d We included in the analysis one school which had no functioning handwashing statio
to wash their hands.
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overnutritionwas associatedwith school restrooms thatwere not accessible
for person(s) with disabilities (PWDs) (aOR 1.43, 95% CI = 1.06 to 1.93).

3.5. Impacts of home-level factors on diarrhoea and malnutrition

Diarrhoea was associated with not eating three times per day (aOR 5,
95% CI = 1.05 to 24.00), while mild dehydration was associated with
n % (95% CI)

861 55.3 (52.8, 57.7)

1391 93.5 (92.2, 94.7)
610 41(38.5, 43.5)

1012 65 (62.6, 67.3)

12 (11,13)

1039 66.7 (64.3, 69.0)
518 33.2 (30.9, 35.6)

129 8.67 (7.2, 10.1)
491 47 (44.0, 50.0)
107 7.19 (5.9, 8.5)
239 16.1 (14.2, 18)
318 21.4 (19.4, 23.5)
399 26.9 (24.6, 29.1)
135 9.1 (7.6, 10.6)

421 28.5 (26.2, 30.9)
647 43.6 (41.1, 46.2)

227 15.2 (13.4, 17.1)
127 8.6 (7.2, 10.1)
28 1.9 (1.3, 2.7)
99 6.7 (5.5, 8.1)

321 21.7 (19.6, 23.9)
226 15.3 (13.5, 17.2)
95 6.4 (5.2, 7.8)

956 68.0 (65.5, 70.5)

1 7.1 (0.2–33.9)
1 14.3 (1.8, 42.8)
1 1.3 (0.03, 6.9)

56 74.7 (59.6, 80.6)
16 24.1 (12.0, 30.8)

17 (5.9, 26.5)
5 (4, 12.5)

13 92.9 (66.2, 99.8)
13 92.9 (66.2, 99.9)

302.3 (219, 418)
562 (380.3, 935.1)

24 30.4 (20.5, 41.8)
61 49.2 (40.1, 58.3)
8 3.6 (1.5, 6.8)

26 32.9 (22.7, 44.4)
65 82.3 (72.1, 90.0)

water, sanitation, and hygiene.; WHO,World Health Organization. When estimating

hroPlus software. We classified malnutrition status according to WHO guidelines

tact (WHO/UNICEF. [2010].WHO/UNICEF JointMonitoring Programme forWater

estimated student-to-toilet and student-to-handwashing unit ratios by using school
9a). Thenwe divided the number of students by two to take into account schools' use
king into account that some toilets were coed toilets (i.e. used by both males and fe-

ns or basins (i.e. sinks); rather, a hose connected to water was provided for children



Table 2
Characteristics of subsample of students, households, and homes (N = 211).

Factors n % (95% CI)

Student level
Female 134 63.5 (56.6, 70.0)
Age < 13 years old 153 72.5 (66.0, 78.4)

Home level
Household demographics
Number of people in home, median (IQR) 6 (4, 8)
Number of adults in home, median (IQR) 3 (2, 5)
Number of kids in home, median (IQR) 3 (2, 4)
Duration (years) of residence in home, median (IQR) 13 (5, 25)

Household WaSH
Has no restroom inside home 20 10.4 (5.9, 14.3)
Has no toilet 3 1.4 (0.3, 4.5)
Has no handwashing basin 66 34.4 (27.7, 41.6)
Home restroom has no water available 8 4.2 (1.8, 8.0)
Home restroom has no soap available 25 13.0 (8.6, 18.6)
Home restroom has no hand towels 129 67.2 (60.1, 73.8)
Home restroom has no toilet paper 187 97.4 (94.0, 99.1)
Home restroom not clean 76 39.6 (32.6, 46.9)
Home restroom has signs of mould 98 51.0 (43.7, 58.3)
Home restroom has signs of damage 139 72.4 (65.5, 78.6)
Home restroom is not well-lit 83 43.2 (36.1, 50.6)
Home restroom has wet floor 145 75.5 (68.8, 81.4)
Home restroom door has no lock 85 44.3 (37.1, 51.6)
Home restroom has unimproveda sanitation 39 20.3 (14.9, 26.7)
Home restroom toilet cannot be flushed 140 72.9 (66.0, 79.1)
Home restroom has septic tank 57 29.7 (23.3, 36.7)

Household food insecurity
Insufficient amount of food at home 14 6.6 (3.7, 10.9)
No place nearby to buy food 6 2.8 (1.1, 6.1)
Food prices are not affordable 16 7.6 (4.34, 12.0)
Not able to buy food 113 53.6 (46.6, 60.4)
Has experienced asking/begging someone for food 165 78.2 (72.0, 83.6)
Does not eat a varietyb of food 13 6.2 (3.3, 10.3)
Cooks food less often than buys prepared food 20 9.5 (5.9, 14.3)
No access to drinking water 4 1.9 (0.5, 4.8)

Note. CI, confidence interval; IQR, interquartile range; WaSH,water, sanitation, and
hygiene. When estimating some proportions the denominator was not always N =
211 due to missing data.

a Unimproved sanitation does not hygienically separate human excreta from hu-
man contact (WHO/UNICEF. [2010]. WHO/UNICEF Joint Monitoring Programme
for Water Supply and Sanitation. Progress on Sanitation and Drinking-water:
Update 2010).

b Variety of food refers to e.g. fruits, vegetables, meat, and fish.
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having no handwashing basin at home (aOR 2.45, 95% CI = 1.08 to 5.56)
andmoderate dehydration was associated with five or more adults living at
home (aOR 5.42, 95% CI = 1.59 to 18.40) (Table 5).

Home restrooms' having signs of mould (aOR 9.12, 95% CI = 1.89 to
44.00) and having no handwashing basin (aOR 14.00, 95% CI = 4.30 to
46.20) were associated with increased odds of stunting only (Table 6), as
was the presence of five or more children at home (aOR 15.70, 95% CI =
1.79 to 138). A lack of food variety was associated with decreased risk of
stunting (aOR 0.10, 95% CI= 0.01 to 0.90) and increased risk of undernu-
trition (aOR 5.56, 95% CI = 1.45 to 21.35).

4. Discussion

4.1. Key findings and interpretation

The overall school WaSH situation in our study schools was character-
ized by deficiencies in supply, access, and functionality. Such deficiencies
in school WaSH were consistent with findings from previous studies
conducted in the Philippines (Ellis et al., 2016; Katsuno et al., 2019). Our
findings suggest that inadequate schoolWaSH increases the risk of children
self-reporting diarrhoea and increases risks of observed dehydration and
malnutrition. We highlight four deficiencies that had negative effects on
children's health and hygiene behaviour. First was the lack of water in
school restrooms, which increased children's risks for dehydration and
7

stunting. This may be explained by the fact that children, without having
water to wash their hands or flush the toilet, may have been more exposed
to faeces. Consequences of faecal exposure include diarrhoea, which can
cause dehydration, and helminth infection, which can stunt growth if expe-
rienced repeatedly. Tap water in the Philippines is not safe for drinking. A
lack of drinking water dispensers in many of our study schools likely ex-
plained the high prevalence of dehydration. Another possible reason is vol-
untary dehydration wherein children, in order to avoid using school toilets
which they perceived to be unclean, purposefully did not drink water.
When no water was available to flush faeces down the toilet, children
could have found the situation disgusting or scary. Thus, they would do
whatever possible (including not drinking water) in order to avoid using
the toilet. A similar thing happens when adults knowingly avoid drinking
fluids during long flights or car rides because they want to avoid using
(what they perceived to be) unclean public restrooms.

Second was the improper maintenance of school restrooms as evi-
denced by the presence of flies, which was associatedwith under- and over-
nutrition. Children may have avoided or not used the school restroom
because they perceived them as negative, i.e., unclean, foul-smelling,
dark, lacking privacy. Such negative perceptions were in line with findings
from a survey of secondary school students and school restrooms in France.
In that study, adolescents perceived restrooms negatively, avoided using
the toilet, and complained of abdominal pain and urinary disorders
(Hoarau et al., 2014). In our study, over half of students were not satisfied
with school restrooms, with ~67% of students reporting that restrooms
were not clean and more than half of students reporting that restrooms
lacked privacy. Yet almost all students still used the restrooms. Thus,
more investments are needed to improve and maintain the conditions of
school restrooms in order to promote their use by children. We found that
not using the school restroomwas associatedwith stunting. Thismay be ex-
plained by the fact that children who did not use the toilet could become
constipated. Consequences of chronic constipation include decreased appe-
tite and stunted growth (Chao et al., 2008), which could explain the in-
creased risk of undernutrition. Another possible explanation is that
recurring enteric infections could alter the gastrointestinal tract, resulting
in decreased nutrient absorption and stunted growth (Guerrant et al.,
1983). Changes in the gastrointestinal tract that are relevant for stunted
growth include: increased intestinal permeability, gut inflammation, bacte-
rial translocation, and nutrient malabsorption (Owino et al., 2016). An-
other possible explanation is environmental enteric dysfunction,
characterized by abnormalities in the small intestine that have been caused
by chronic exposure to toxins found in unhygienic living conditions
(Keusch et al., 2013). An unexpected result was the association between
not using school restrooms and over-nutrition. One possible explanation
is that this association was a proxy for family income and/or parental edu-
cation, attention, and/or involvement. For example, the over-nourished
childrenmayhave had parentswith higher income ormore education or in-
volvement. As a result, these parents not only provided their childrenmore
food, but also more instructions about proper hygiene. Also they may have
advised their children not to use the school's “dirty” restrooms for fear of
catching an infection.

Third was the lack of hygiene lessons, which was associated with
stunting. Children may have had inadequate knowledge about preventing
the spread of germs and, as a result, were not able or willing to practice
health-promoting behaviours like handwashing and washing fruits and
vegetables before consuming. A consequence of poor handwashing is infec-
tious disease, which could result in malnutrition and impaired growth.
While a study by Riiser et al. (2020) showed how handwashing knowledge
was linked to handwashing practices, a review by de Buck et al. (2017)
showed that there was no one clear handwashing promotion strategy that
effectively increased handwashing practice.

Fourth was poor handwashing, which was associated with diarrhoea.
Besides individual factors, poor handwashing may be attributed to the in-
sufficient number of handwashing basins and the lack of water and soap
in schools. Diarrhoea prevalence rates from our study were higher com-
pared to those from previous studies in LMICs (Chard et al., 2019; Davis



Table 3
Adjusted logistic regression models of self-reported diarrhoea and observed mild and moderate dehydration among students and risk factors at public schools in Metro
Manila, Philippines (N = 1478).

Factor Diarrhoea (N = 421) Mild dehydration (N = 214) Moderate dehydration (N = 457)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Student level
Demographics (self-reported)
Sex

Male 201 (30.6) Ref. 103 (16.4) Ref. 193 (30.7) Ref.
Female 220 (26.8) 0.94 (0.71, 1.26) 0.69 111 (14.3) 0.80 (0.54, 1.19) 0.28 264 (34) 1.18 (0.89, 1.56) 0.25

Age group: early teenager (13–14 years old)
Yes 90 (27.7) 1.30 (0.94, 1.79) 0.11 48 (14.7) 0.75 (0.49, 1.13) 0.16 87 (26.6) 0.95 (0.63, 1.44) 0.83
No 331 (28.7) Ref. 166 (15.4) Ref. 370 (34.3) Ref.

Health & nutrition (self-reported)
Does not eat three times per day

Yes 36 (41.4) 1.49 (0.96, 2.32) 0.08 6 (7.8) 0.53 (0.24, 1.15) 0.11 30 (39) 1.58 (0.80, 3.13) 0.19
No 385 (27.8) Ref. 196 (15.6) Ref. 400 (31.9) Ref.

Is not “healthy”
Yes 139 (35) 1.43 (1.03, 2) 0.03 53 (14.6) 0.93 (0.71, 1.22) 0.60 107 (29.4) 0.82 (0.65, 1.03) 0.08
No 282 (26.2) Ref. 150 (15.5) Ref. 325 (33.5) Ref.

Had helminth infection
Yes 207 (32.1) 1.20 (0.98, 1.48) 0.08 86 (15.1) 1.05 (0.91, 1.21) 0.50 186 (32.8) 1.03 (0.81, 1.32) 0.81
No 212 (25.6) Ref. 116 (15.2) Ref. 244 (32) Ref.

Hygiene-related perception and practices (self-reported)
Student does not wash hands at school

Yes 45 (34.9) 1.77 (1.18, 2.65) 0.01 11 (8.9) 0.49 (0.21, 1.16) 0.11 46 (37.1) 1.05 (0.61, 1.80) 0.86
No 376 (27.9) Ref. 192 (15.8) Ref. 386 (31.9) Ref.

Student is not satisfied with school restroom
Yes 213 (27.8) 0.89 (0.64, 1.22) 0.46 103 (14.7) 1.05 (0.81, 1.37) 0.71 238 (34) 1.13 (0.82, 1.56) 0.46
No 208 (29.3) Ref. 100 (15.8) Ref. 194 (30.6) Ref.

Student avoids using school restroom
Yes 80 (33.9) 1.44 (0.97, 2.14) 0.07 22 (12.1) 0.87 (0.52, 1.43) 0.58 65 (35.7) 1.11 (0.70, 1.77) 0.65
No 341 (27.5) Ref. 181 (15.7) Ref. 366 (31.8) Ref.

Student does not use school restroom
Yes 24 (23.1) 0.64 (0.38, 1.09) 0.10 4 (6.2) 0.50 (0.24, 1.05) 0.07 20 (30.8) 0.88 (0.47, 1.63) 0.68
No 397 (28.9) Ref. 199 (15.7) Ref. 412 (32.4) Ref.

Facilities (observed)
Number of restrooms

1–3 190 (32.8) Ref. 71 (11.6) Ref. 182 (29.6) Ref.
4–8 124 (25.1) 0.38 (0.25, 0.56) p < 0.01 74 (17.1) 1.21 (1.01, 1.45) 0.03 149 (34.3) 4.98 (3.63, 6.84) p < 0.01
9–15 76 (24.8) 0.34 (0.17, 0.65) p < 0.01 60 (19.8) 5.61 (3.44, 9.15) p < 0.01 108 (35.6) 49.7 (29.9, 82.5) p < 0.01

Number of toilet bowls
3–5 134 (33.8) Ref. 52 (12.1) Ref. 154 (35.9) Ref.
6–18 141 (29.1) 1.63 (1.19, 2.23) p < 0.01 83 (16.5) 4.48 (3.51, 5.71) p < 0.01 126 (25.1) 0.11 (0.08, 0.16) p < 0.01
19–30 115 (23) 2 (1.15, 3.48) 0.01 70 (16.7) 2.20 (1.68, 2.90) p < 0.01 159 (38) 0.02 (0.01, 0.03) p < 0.01

Number of handwashing basins
0–7 230 (29) Ref. 107 (12.6) Ref. 270 (31.8) Ref.
8–15 80 (27.1) 1.85 (1.33, 2.58) p < 0.01 53 (17.7) 0.42 (0.33, 0.54) p < 0.01 97 (32.3) 0.22 (0.17, 0.30) p < 0.01
16–28 80 (27.2) 1.78 (1.20, 2.63) p < 0.01 45 (22.2) 0.38 (0.24, 0.60) p < 0.01 72 (35.5) 0.55 (0.33, 0.93) 0.03

Restroom lacks water
Yes 278 (27.6) 1.18 (0.90, 1.54) 0.24 174 (16.5) 1.84 (1.63, 2.08) p < 0.01 388 (36.7) 2.21 (1.71, 2.87) p < 0.01
No 112 (30) Ref. 31 (10.6) Ref. 51 (17.4) Ref.

Restroom lacks cleanlinessa

Yes 279 (30.4) 1.24 (0.95, 1.63) 0.11 125 (14.9) 0.91 (0.66, 1.27) 0.59 290 (34.4) 1.25 (0.96, 1.63) 0.11
No 142 (25.4) Ref. 78 (15.8) Ref. 142 (28.7) Ref.

Restroom has flies
Yes 78 (26) 0.81 (0.63, 1.04) 0.10 36 (11.7) 0.45 (0.38, 0.54) p < 0.01 120 (38.3) 9.17 (7.19, 11.7) p < 0.01
No 312 (28.9) Ref. 169 (16.2) Ref. 319 (30.6) Ref.

Restroom not accessible for person(s) with disabilitya

Yes 225 (29) 1.05 (0.72, 1.52) 0.80 114 (15.5) 1.16 (0.88, 1.54) 0.30 238 (32.4) 0.87 (0.62, 1.22) 0.41
No 196 (27.9) Ref. 89 (14.8) Ref. 194 (32.3) Ref.

Long line to use restrooma

Yes 116 (33.2) 1.22 (0.93, 1.61) 0.15 44 (14) 0.88 (0.62, 1.24) 0.47 114 (36.2) 1.30 (0.91, 1.86) 0.15
No 304 (27) Ref. 159 (15.6) Ref. 318 (31.2) Ref.

Administration (self-reported)
Lack of policy for cleaning restroom daily

Yes 29 (27.4) 0.57 (0.41, 0.78) p < 0.01 19 (19) 0.24 (0.18, 0.30) p < 0.01 39 (39) 2.03 (1.61, 2.56) p < 0.01
No 392 (28.6) Ref. 195 (14.9) Ref. 418 (32) Ref.

Hygiene lessons are not taught in school
Yes 37 (27.8) 0.84 (0.60, 1.17) 0.31 14 (12.4) 1.12 (0.57, 2.20) 0.74 37 (32.7) 0.74 (0.48, 1.13) 0.16
No 384 (28.7) Ref. 189 (15.5) Ref. 392 (32.2) Ref.

Age of school >50 years
Yes 193 (33.3) 1.78 (1.37, 2.30) p < 0.01 100 (16.7) 2.99 (2.39, 3.74) p < 0.01 194 (32.4) 0.70 (0.55, 0.89) p < 0.01
No 228 (25.4) Ref. 114 (14.1) Ref. 263 (32.6) Ref.
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Table 3 (continued)

Factor Diarrhoea (N = 421) Mild dehydration (N = 214) Moderate dehydration (N = 457)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Maximum maintenance and other operating expenses budget ≥ $350,000 USDb

Yes 40 (21.7) 0.42 (0.31, 0.57) p < 0.01 33 (17.5) 0.62 (0.48, 0.81) p < 0.01 52 (27.5) 3.07 (2.28, 4.13) p < 0.01
No 381 (29.4) Ref. 181 (14.9) Ref. 405 (33.3) Ref.

Note. aOR, adjusted odds ratio; CI, confidence interval; Ref., reference group; USD, United States Dollar.
aORs were estimated by multiple logistic regression models. Variables of exposure included in models were: female, early-teenager (age 13–14 years old), does not eat three
times per day, does not consider self to be “healthy”, had helminth infection, does notwash hands in school, is not satisfiedwith school restroom, avoids school restroom, does
not use school restroom, number of school restrooms, number of school toilets, number of school handwashing basins, school restroom lacks water, school restroom is not
clean, school restroom has flies, school restroom is not accessible for persons with disability, long lines to use school restroom, lack of policy to clean school restroom
daily, hygiene lessons are not taught in school, age of school >50 years, and maximum maintenance and other operating expenses budget.

a Self-reported by students.
b Data source: Philippines Department of Education (2019c).
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et al., 2014; Worrell et al., 2016). Children who did not wash their hands
with soap andwater after using the toiletwere likelymore exposed to faecal
matter that causes gastrointestinal diseases like diarrhoea and HI. Besides
malnutrition, weight loss, and stunted growth, consequences of infection
include school absence and increased risk of school dropout. These findings
demonstrate the need to better promote hygiene education and handwash-
ing, which decreases prevalence rates of diarrhoea by up to 47%, if done
with soap (Curtis and Cairncross, 2003).

Where could these disease-causingWaSH deficiencies have come from?
Besides the school environment and children's socioeconomic status, which
was outside the scope of this study, we can examine health policy. Nearly
all school principals reported that WaSH management policies were in
place, yet the “poor” conditions of school restrooms begged the question
of whether or not the policies were being effectively enforced. These find-
ings may point to possible gaps in resource utilization, incident reporting,
or factors outside of schools. We found that the maximum maintenance
and other operating expenses budget was associated with decreased risks
for diarrhoea, dehydration, and stunting. This demonstrates the need for
further investments in schools in order to better protect children's health
and prevent diseases.

4.2. Limitations

Our cross-sectional, observational study is limited by confounding and
the inability to describe causality. Selection bias likely occurred when we
allowed: one school to join our study after school personnel asked us di-
rectly if her school could participate; school personnel to select which
class section(s) would be surveyed; one school to join our study where we
conducted pilot testing of our survey instruments. A possible impact of
allowing the pre-tested school to join our study was that some children
may have been aware of our survey, leading some to provide biased an-
swers on the questionnaire that they perceived to be “desirable”. Allowing
school personnel to select the class sections to be surveyed likely resulted in
an over-sampling of top-academically-performing children and an under-
representation of poor-academically-performing children, who may have
also belonged to families of the lowest SES and who had greater exposures
to inadequate WaSH and other disease risk factors.

Self-report is prone to bias, e.g., recall bias, which may have occurred
when we used self-reported outcome measures for diarrhoea without cor-
roborating with medical records. Self-report may be influenced by chil-
dren's perceptions about what is “desirable” and “undesirable” according
to social/cultural norms, feelings of shame, and fears about being punished.

A disadvantage of using Usg is that measurements depend on the num-
ber and size of particles contained in the urine (Baron et al., 2015). Evi-
dence about the reliability of urine test strips, compared with
refractometry, to measure Usg is mixed (de Buys Roessingh et al., 2001;
Gounden and Newall, 1983). A disadvantage of using urine test strips is
that the accuracy of measurements may decrease as urine alkalinity
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increases (pH> 7) (Adams, 1983).We did not triangulate dehydrationmea-
surements with physical symptoms of dehydration or children's report of
thirst.

There was a one-year time lag between our measurement of children's
health outcomes and water quality testing, and we measured water quality
only once, so, we could not assess seasonality/temporal variability. Another
risk of bias was the large number of children excluded from data analysis
due to missing responses. After examining missing data, however, we
found no statistically significant difference between children who were
missing data and children who were not missing data for key outcomes.
Therefore, we concluded that data were missing at random (MAR), though
not missing completely at random (MCAR).

We assessed a large number of risk factors, some of which may be unre-
lated to each other; it is possible that associations have arisen by chance.
We also simultaneously assessed multiple outcomes, so, there could have
been a possible multiple comparisons effect (Lindquist and Mejia, 2015).

4.3. Strengths

Our study provided new information about using children's dehydra-
tion, measured via Usg, as an indicator of schools' water insecurity, which
we confirmed with children's self-report and researchers' observations.
These data are helpful for interpreting study findings about children's dehy-
dration, which could negatively impact children's cognitive performance,
e.g., by decreasing short-term memory (Bar-David et al., 2005). Previous
studies (Edmonds and Jeffes, 2009) have examined dehydration's negative
impact on children's cognitive performance but few have used biospeci-
mens to measure dehydration. Findings from our study address this data
gap.

4.4. Generalizability

The generalizability, or external validity, of our studywas supported by:
multistage cluster sampling of students in grades five, six, seven, nine, and
10 (ages ~10–15 years old) from 15 public schools in three cities of Metro
Manila; high participation rate from a large study sample; analyses of risk
factors for diarrhoea, malnutrition, and dehydration while taking into ac-
count variance in prevalence rates across different schools. Adherence to
study protocols, rigorous investigation, and standardized data collection
and reporting increase our confidence that our study findings may be gen-
eralizable to other urban poor populations living in areas with comparable
weather and school WaSH conditions. However, due to our study's cross-
sectional, observational design and limited capacity to control for con-
founding and describe cause and effect, our study findings may be applica-
ble only to specific locations in terms of disease prevalence and
environmental risk factors. Our findings need to be verified by longitudinal
studies with larger samples before attempting to generalize them to diverse
populations or settings in other LMICs.



Table 4
Adjusted logistic regression models of observed malnutrition among students and risk factors at public schools in Metro Manila, Philippines (N = 1478).

Factor Stunted only (N = 186) Undernutrition only (N = 87) Overnutrition only (N = 306)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Student level (self-reported)
Student characteristics
Sex

Male 80 (12.1) Ref. 51 (7.7) Ref. 154 (23.4) Ref.
Female 106 (12.9) 1.18 (0.77, 1.81) 0.46 36 (4.4) 0.65 (0.36, 1.17) 0.15 152 (18.6) 0.67 (0.44, 1.01) 0.06

Age group: early teenager (13–14 years old)
Yes 37 (11) 1.42 (0.76, 2.64) 0.27 17 (5.1) 0.65 (0.38, 1.11) 0.11 53 (15.8) 0.85 (0.53, 1.36) 0.49
No 149 (13.1) Ref. 70 (6.1) Ref. 253 (22.2) Ref.

Health & nutrition (self-reported)
Does not eat three times per day

Yes 14 (17.7) 1.02 (0.56, 1.88) 0.94 4 (5.1) 0.80 (0.33, 1.92) 0.62 14 (17.7) 1.24 (0.63, 2.46) 0.53
No 158 (11.9) Ref. 77 (5.8) Ref. 278 (21) Ref.

Is not “healthy”
Yes 55 (14.2) 1.28 (0.73, 2.24) 0.38 33 (8.5) 1.82 (1.24, 2.67) p < 0.01 42 (10.9) 0.37 (0.23, 0.59) p <

0.01
No 117 (11.5) Ref. 49 (4.8) Ref. 250 (24.5) Ref.

Had diarrhoea
Yes 62 (15.3) 1.45 (1.10, 1.93) 0.01 23 (5.7) 1 (0.64, 1.56) 1 86 (21.2) 1.14 (0.90, 1.45) 0.26
No 110 (11) Ref. 57 (5.7) Ref. 207 (20.7) Ref.

Was dehydrated
Yes 113 (11.8) 0.81 (0.59, 1.11) 0.20 62 (6.5) 1.75 (1.09, 2.81) 0.02 201 (21) 1.22 (0.94, 1.58) 0.13
No 62 (13.8) Ref. 21 (4.7) Ref. 88 (19.6) Ref.

Had helminth infection
Yes 106 (17.4) 1.65 (1.13, 2.43) 0.01 45 (7.4) 1.56 (1.08, 2.24) 0.02 101 (16.6) 0.68 (0.51, 0.90) 0.01
No 66 (8.3) Ref. 37 (4.7) Ref. 192 (24.2) Ref.

Hygiene-related perception and practices (self-reported)
Does not wash hands in school

Yes 15 (11.8) 1.06 (0.45, 2.53) 0.89 7 (5.5) 0.77 (0.32, 1.83) 0.55 23 (18.1) 1 (0.70, 1.44) 1
No 158 (12.3) Ref. 75 (5.9) Ref. 270 (21.1) Ref.

Is not satisfied with school restroom
Yes 73 (9.8) 0.63 (0.44, 0.90) 0.01 44 (5.9) 0.84 (0.45, 1.59) 0.59 161 (21.7) 1.06 (0.75, 1.51) 0.73
No 100 (15.1) Ref. 38 (5.7) Ref. 131 (19.7) Ref.

Avoids using school restroom
Yes 26 (13.1) 0.71 (0.43, 1.16) 0.17 16 (8.1) 1.58 (0.55, 4.52) 0.39 40 (20.2) 0.93 (0.64, 1.34) 0.70
No 147 (12.2) Ref. 66 (5.5) Ref. 253 (20.9) Ref.

Does not use school restroom
Yes 14 (20) 2.26 (1.22, 4.20) 0.01 5 (7.1) 0.96 (0.25, 3.66) 0.95 13 (18.6) 1.09 (0.59, 2) 0.78
No 159 (11.9) Ref. 77 (5.8) Ref. 280 (20.9) Ref.

School level
Facilities (observed)
Number of restrooms

1–3 109 (17.6) Ref. 38 (6.1) Ref. 122 (19.7) Ref.
4–8 37 (8.2) 0.34 (0.24, 0.47) p < 0.01 24 (5.3) 0.75 (0.45, 1.25) 0.27 103 (22.8) 3.28 (2.60, 4.13) p < 0.01
9–15 20 (6.5) 0.08 (0.04, 0.14) p < 0.01 21 (6.8) 5.59 (2.96, 10.6) p < 0.01 65 (21) 15.7 (10.2, 24.3) p < 0.01

Number of toilet bowls
3–5 90 (20.8) Ref. 29 (6.7) Ref. 83 (19.2) Ref.
6–18 48 (9.5) 0.42 (0.27, 0.67) p < 0.01 24 (4.7) 0.81 (0.44, 1.46) 0.48 109 (21.5) 1.12 (0.84, 1.50) 0.44
19–30 28 (6.3) 0.51 (0.27, 0.94) 0.03 30 (6.8) 0.44 (0.20, 0.94) 0.03 98 (22.2) 0.60 (0.41, 0.88) 0.01

Number of handwashing basins
0–7 125 (14.7) Ref. 52 (6.1) Ref. 169 (19.8) Ref.
8–15 22 (7.3) 5.93 (4.49, 7.83) p < 0.01 17 (5.7) 1.04 (0.70, 1.53) 0.85 68 (22.6) 0.26 (0.20, 0.33) p < 0.01
16 or more 19 (8.4) 8.17 (5.61, 11.9) p < 0.01 14 (6.2) 0.23 (0.14, 0.39) p < 0.01 53 (23.5) 0.32 (0.21, 0.50) p < 0.01

Restroom has no water available
Yes 130 (12.2) 1.52 (1.21, 1.90) p < 0.01 69 (6.5) 2.18 (1.54, 3.09) p < 0.01 214 (20) 0.49 (0.43, 0.56) p < 0.01
No 36 (11.5) Ref. 14 (4.5) Ref. 76 (24.4) Ref.

Restroom is not clean
Yes 98 (11.1) 0.67 (0.48, 0.94) 0.02 49 (5.5) 0.94 (0.55, 1.60) 0.81 204 (23) 1.28 (0.92, 1.80) 0.15
No 75 (14.4) Ref. 33 (6.3) Ref. 89 (17.1) Ref.

Restroom has flies
Yes 25 (8.1) 0.90 (0.65, 1.25) 0.53 16 (5.2) 1.61 (1.03, 2.52) 0.04 86 (27.8) 1.70 (1.27, 2.29) p < 0.01
No 141 (13.2) Ref. 67 (6.3) Ref. 204 (19.1) Ref.

Restroom not accessible for person(s) with disabilitya

Yes 86 (11.2) 0.85 (0.57, 1.29) 0.45 48 (6.2) 1.21 (0.72, 2.02) 0.47 176 (22.9) 1.43 (1.06, 1.93) 0.02
No 87 (13.6) Ref. 34 (5.3) Ref. 117 (18.3) Ref.

Long line to use restrooma

Yes 46 (13.8) 1.12 (0.75, 1.66) 0.59 16 (4.8) 0.82 (0.48, 1.41) 0.48 52 (15.6) 0.62 (0.45, 0.86) p < 0.01
No 127 (11.8) Ref. 66 (6.2) Ref. 241 (22.4) Ref.

Administration and policies (self-reported)
No policy to clean school restroom daily

Yes 7 (6.6) 0.98 (0.70, 1.38) 0.91 4 (3.8) 1.65 (0.98, 2.80) 0.06 26 (24.5) 0.46 (0.34, 0.61) p < 0.01
No 179 (13.1) Ref. 83 (6.1) Ref. 280 (20.4) Ref.

S.O. Sangalang et al. Science of the Total Environment 838 (2022) 155882

10



Table 4 (continued)

Factor Stunted only (N = 186) Undernutrition only (N = 87) Overnutrition only (N = 306)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Hygiene lessons are not taught in school
Yes 23 (19.3) 1.91 (1.12, 3.26) 0.02 7 (5.9) 0.87 (0.15, 5.20) 0.88 19 (16) 1.05 (0.52, 2.11) 0.89
No 148 (11.5) Ref. 74 (5.8) Ref. 274 (21.3) Ref.

Age of school >50 years
Yes 82 (13.5) 0.64 (0.46, 0.90) 0.01 24 (4) 0.39 (0.25, 0.61) p < 0.01 147 (24.2) 2.60 (1.99, 3.42) p < 0.01
No 104 (11.9) Ref. 63 (7.2) Ref. 159 (18.3) Ref.

Maximum maintenance and other operating expenses; budget ≥ $350,000 USDb

Yes 8 (4.2) 0.34 (0.21, 0.54) p < 0.01 12 (6.3) 0.57 (0.34, 0.95) 0.03 35 (18.4) 1.08 (0.79, 1.47) 0.63
No 178 (13.8) Ref. 75 (5.8) Ref. 271 (21) Ref.

Note. aOR, adjusted odds ratio; CI, confidence interval; Ref., reference group; USD, United States Dollar.
aORs were estimated by multiple logistic regression models. Variables of exposure included in models were: female, early-teenager (age 13–14 years old), does not eat three
times per day, does not consider self to be “healthy”, had diarrhoea, is dehydrated (urine specific gravity≥ 1.020), had helminth infection, does not wash hands in school, is
not satisfied with school restroom, avoids school restroom, does not use school restroom, number of school restrooms, number of school toilets, number of school handwash-
ing basins, school restroom lacks water, school restroom is not clean, school restroom has flies, school restroom is not accessible for persons with disability, long lines to use
school restroom, lack of policy to clean school restroom daily, hygiene lessons are not taught in school, age of school >50 years, and maximum maintenance and other
operating expenses budget.

a Self-reported by students.
b Data source: Philippines Department of Education (2019c).
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4.5. Implications for policy, practice, and future research

Before wemake any recommendations, we acknowledge that our cross-
sectional study neither measured changes in diarrhoea episodes and
contributing factors over time, nor did it measure changes during different
seasons. Thus, readers should consider that these study results provide no
evidence in terms of causality, and that our below recommendations were
based on suggested, rather than causal, associations.

Due to the complexity of school WaSH management, a comprehensive,
context-specific school WaSH strategy is recommended instead of a one-
size-fits-all approach. Possible solutions could be interventions that facili-
tate the implementation and enforcement of school WaSH policies. For ex-
ample, a school administrator may be designated to lead a small team of
“super-users” (school personnel) to ensure restrooms are being cleaned
andmaintained, provide hygiene lessons, and promote group handwashing
among students. Also, a group of student volunteersmay be named as “rest-
room monitors” in each school to ensure that WaSH facilities are properly
used and kept clean, and to remind their fellow students to wash their
hands after using the toilet/urinal and before eating. Funding should be
used to increase the number of clean and functional WaSH facilities, main-
tain them, and promote their proper use by schoolchildren.

Future research should explore other methods of assessing diarrhoea, al-
though our findings indicate that self-report should not necessarily be
dismissed. We identified an association between diarrhoea and stunting,
which is consistentwith previous studies (Schilling et al., 2017). Future stud-
ies should explore schoolWaSH facilities and students' diarrhoea prevalence
in other LMICs or upper-middle-income countries located in the tropics,
e.g., Vietnam and Thailand, where temperatures and rainfall are as high as
in the Philippines, but the rates of diarrhoea-related mortality are lower.

Research is needed to test WaSH interventions aimed at improving chil-
dren's nutrition status by preventing diarrhoea. This could be achieved by
reducing children's exposure to enteropathogens in schools' WaSH facilities
and increasing children's health literacy and promoting handwashing.
Greater emphasis should be placed on improving water quality in settings
where faecal water contamination is prevalent and causing disease. Evi-
dence about the effectiveness of WaSH interventions in decreasing risks
of infectious diseases is mixed (Ashraf et al., 2020; Chard et al., 2019;
Pickering et al., 2019; Trinies et al., 2016). Research is needed to clarify
the relationship between WaSH and infectious diseases.

5. Conclusions

By linking schools' WaSH facilities and students' handwashing and dis-
satisfaction with and avoidance of school restrooms with disease
11
prevalence, we point to an urgent need for comprehensive school-based
WaSH interventions, especially those that promote proper handwashing.
However, the associations we found between school WaSH and children's
health may be explained more by school location than school WaSH. Due
to the cross-sectional design of our study, we were not able to assess causa-
tion. This should be considered when interpreting our study results. Future
studies that use, for example, a cluster-randomised controlled design, are
needed to assess causation between exposure to inadequate school WaSH
and children's health outcomes. More research is needed to understand
the complex relationship between schools' WaSH facilities and children's
hygiene practices and diarrhoea, malnutrition, and dehydration in the
Philippines. Elsewhere in the Global South, where the COVID-19 pandemic
has forced schools to close and has increased food and water insecurity,
new WaSH strategies are needed. Our study findings could help promote
school WaSH to protect children from faecal-contaminated water that
drives disease risks, while ensuring that children have access to the benefits
of water security: good health, hygiene, and hydration.
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Table 5
Adjusted logistic regression models of self-reported diarrhoea and observed dehydration among subsample of students and risk factors at public schools in Metro Manila,
Philippines (N = 211).

Factor Diarrhoea (N = 56) Mild dehydration (N = 30) Moderate dehydration (N = 63)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Student level (self-reported)
Student characteristics
Sex

Male 19 (24.7) Ref. 11 (14.3) Ref. 20 (26) Ref.
Female 37 (27.6) 1.45 (0.82, 2.56) 0.20 19 (14.3) 1.05 (0.28, 3.95) 0.95 43 (32.3) 1.35 (0.63, 2.90) 0.44

Age group: early teenager (13–14 years old)
Yes 12 (29.3) 1.12 (0.38, 3.33) 0.83 6 (14.6) 1.25 (0.47, 3.31) 0.65 8 (19.5) 0.39 (0.18, 0.84) 0.02
No 44 (25.9) Ref. 24 (14.2) Ref. 55 (32.5) Ref.

Health & nutrition (self-reported)
Does not eat three times per day

Yes 5 (62.5) 5 (1.05, 24) 0.04 0 n/a 4 (50) 1.60 (0.25, 10.2) 0.62
No 51 (25.1) Ref. 30 (14.9) 59 (29.2) Ref.

Is not “healthy”
Yes 20 (37) 1.79 (0.91, 3.53) 0.09 9 (16.7) 1.55 (0.55, 4.33) 0.41 15 (27.8) 0.90 (0.33, 2.47) 0.83
No 36 (22.9) Ref. 21 (13.5) Ref. 48 (30.8) Ref.

Had helminth infection
Yes 26 (33.8) 2.25 (0.90, 5.61) 0.08 11 (14.5) 1.61 (0.57, 4.49) 0.37 23 (30.3) 0.71 (0.32, 1.55) 0.39
No 19 (21.4) Ref. 11 (12.4) Ref. 28 (31.5) Ref.

Hygiene-related perception and practices (self-reported)
Does not wash hands in school

Yes 9 (40.9) 2.08 (0.96, 4.52) 0.06 3 (13.6) 0.23 (0.06, 0.93) 0.04 5 (22.7) 0.84 (0.24, 2.91) 0.78
No 47 (24.9) Ref. 27 (14.4) Ref. 58 (30.9) Ref.

Does not use school restroom
Yes 2 (22.2) 0.13 (0.01, 1.46) 0.10 2 (22.2) 3.79 (0.20, 70.9) 0.37 2 (22.2) 0.55 (0.07, 4.53) 0.58
No 54 (26.7) Ref. 28 (13.9) Ref. 61 (30.4) Ref.

Hygiene lessons are not taught in school
Yes 4 (21.1) 0.72 (0.14, 3.58) 0.68 1 (5.3) 0.44 (0.04, 4.77) 0.50 5 (26.3) 1 (0.21, 4.73) 1
No 52 (27.1) Ref. 29 (15.2) Ref. 58 (30.4) Ref.

Household level
Number of adults

1–2 26 (27.1) Ref. 14 (14.6) Ref. 21 (21.9) Ref.
3–4 14 (22.6) 1.03 (0.50, 2.11) 0.94 9 (14.5) 1.10 (0.46, 2.66) 0.83 18 (29) 1.57 (0.61, 4.04) 0.35
≥5 16 (30.2) 1.10 (0.45, 2.69) 0.83 7 (13.5) 0.55 (0.12, 2.61) 0.45 24 (46.2) 5.42 (1.59, 18.4) 0.01

Number of children
1–2 20 (20.8) Ref. 15 (15.6) Ref. 32 (33.3) Ref.
3–4 31 (34.4) 2.31 (0.85, 6.31) 0.10 8 (9) 0.58 (0.21, 1.65) 0.31 21 (23.6) 0.76 (0.29, 2.02) 0.59
≥5 5 (20.8) 0.54 (0.10, 2.91) 0.47 6 (25) 3.72 (0.64, 21.7) 0.15 10 (41.7) 0.92 (0.29, 2.85) 0.88

Duration (years) of residence in home
0–4 13 (28.9) Ref. 6 (13.3) Ref. 17 (37.8) Ref.
5–19 22 (25) 1.34 (0.50, 2.59) 0.76 14 (15.9) 0.97 (0.22, 4.19) 0.96 26 (29.6) 0.53 (0.20, 1.46) 0.22
≥20 21 (26.9) 1.05 (0.53, 2.09) 0.89 10 (13) 0.61 (0.23, 1.63) 0.33 20 (26) 0.48 (0.19, 1.25) 0.13

Does not eat a variety of food (self-reported)
Yes 3 (23.1) 1.51 (0.49, 4.61) 0.47 3 (23.1) 1.36 (0.32, 5.72) 0.68 4 (30.8) 1.63 (0.42, 6.31) 0.48
No 53 (26.8) Ref. 27 (13.7) Ref. 59 (30) Ref.

WaSH
No restroom inside home

Yes 4 (20) 0.70 (0.17, 2.88) 0.62 2 (10) 0.53 (0.12, 2.26) 0.39 6 (30) 0.83 (0.18, 3.84) 0.81
No 48 (27.9) Ref. 26 (15.2) Ref. 47 (27.5) Ref.

Restroom is not clean
Yes 23 (30.3) 1.39 (0.68, 2.85) 0.37 9 (11.8) 1.17 (0.53, 2.59) 0.71 27 (35.5) 2.03 (0.76, 5.40) 0.16
No 29 (25) Ref. 19 (16.5) Ref. 26 (22.6) Ref.

Restroom has no water
Yes 3 (37.5) 2.24 (0.16, 32.4) 0.55 0 n/a 2 (25) 0.26 (0.02, 2.80) 0.27
No 49 (26.6) Ref. 28 (15.3) 51 (27.9) Ref.

Restroom has no handwashing basin
Yes 14 (23.3) 0.97 (0.31, 3.03) 0.96 10 (16.7) 2.45 (1.08, 5.56) 0.03 15 (25) 0.76 (0.24, 2.44) 0.64
No 38 (29) Ref. 18 (13.9) Ref. 37 (28.5) Ref.

Restroom is not well-lit
Yes 23 (27.7) 1.03 (0.39, 2.70) 0.96 12 (14.5) 1.14 (0.50, 2.61) 0.75 24 (28.9) 0.83 (0.25, 2.74) 0.76
No 29 (27.4) Ref. 15 (14.3) Ref. 28 (26.7) Ref.

Restroom has no door lock
Yes 22 (25.9) 0.61 (0.20, 1.85) 0.39 10 (11.8) 0.43 (0.21, 0.88) 0.02 26 (30.6) 1.69 (0.66, 4.33) 0.27
No 30 (28.3) Ref. 18 (17.1) Ref. 26 (24.8) Ref.

Restroom has signs of mould
Yes 31 (31.6) 1.63 (0.67, 4) 0.28 14 (14.3) 0.95 (0.34, 2.63) 0.91 21 (21.4) 0.39 (0.18, 0.83) 0.02
No 21 (22.3) Ref. 14 (15.1) Ref. 32 (34.4) Ref.

No garbage bin in or near restroom
Yes 27 (23.7) 0.82 (0.50, 2.11) 0.94 14 (12.3) 0.45 (0.21, 0.96) 0.04 33 (29) 1.44 (0.80, 2.59) 0.23
No 25 (32.1) Ref. 14 (18.2) Ref. 20 (26) Ref.
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Notes to Table 5:
Note. aOR, adjusted odds ratio; CI, confidence interval; Ref., reference group; WaSH, water, sanitation, and hygiene.
aORs were estimated by multiple logistic regression models. Variables of exposure included in models were: female, early-teenager (age 13–14 years old), does not eat three
times per day, does not consider self to be “healthy”, had helminth infection, does not wash hands in school, does not use school restroom, hygiene lessons are not taught in
school, number of adults living in home, number of children living in home, duration (years) of residence in home, does not eat a variety of food at home, home has no indoor
restroom, home restroom is not clean, home restroomhas nowater, home restroomhas no handwashing basin, home restroom is notwell-lit, home restroomhas no door lock,
home restroom has signs of mould, and no garbage can inside or nearby home restroom.

Table 6
Adjusted logistic regression models of observed malnutrition among subsample of students and risk factors at public schools in Metro Manila, Philippines (N = 211).

Factor Stunting only (N = 28) Undernutrition only (N = 13) Overnutrition (N = 46)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Student level
Student characteristics
Sex

Male 7 (9.1) Ref. 6 (7.8) Ref. 22 (28.6) Ref.
Female 21 (15.7) 2.46 (0.40, 15.2) 0.33 7 (5.2) 0.55 (0.11, 2.63) 0.45 24 (17.9) 0.33 (0.18, 0.61) p < 0.01

Age group: early teenager (13–14 years old)
Yes 5 (12.2) 0.26 (0.04, 1.83) 0.18 1 (2.4) 0.10 (0.01, 0.72) 0.02 6 (14.6) 0.18 (0.05, 0.57) p < 0.01
No 23 (13.5) Ref. 12 (7.1) Ref. 40 (23.5) Ref.

Health & nutrition (self-reported)
Does not eat three times per day

Yes 1 (12.5) 0.19 (0.03, 1.21) 0.08 0 n/a 3 (37.5) 0.58 (0.11, 3.09) 0.52
No 27 (13.3) Ref. 13 (6.4) 43 (21.2) Ref.

Is not “healthy”
Yes 12 (22.2) 2.55 (0.48, 13.6) 0.28 3 (5.6) 2.82 (0.52, 15.2) 0.23 9 (16.7) 0.42 (0.14, 1.27) 0.13
No 16 (10.2) Ref. 10 (6.4) Ref. 37 (23.6) Ref.

Diarrhoea
Yes 8 (14.3) 2.16 (0.79, 5.94) 0.13 1 (1.8) 0.08 (0.01, 0.70) 0.02 13 (23.2) 1.58 (0.81, 3.09) 0.18
No 20 (12.9) Ref. 12 (7.7) Ref. 33 (21.3) Ref.

Dehydration
Yes 14 (10.1) 0.49 (0.17, 1.36) 0.17 11 (7.9) 4.29 (0.53, 34.4) 0.17 32 (23) 1.50 (0.54, 4.19) 0.43
No 14 (19.7) Ref. 2 (2.8) Ref. 14 (19.7) Ref.

Had helminth infection
Yes 17 (22.1) 2.92 (0.80, 10.7) 0.11 6 (7.8) 1.56 (0.50, 4.81) 0.44 15 (19.5) 2.38 (1, 5.70) 0.05
No 7 (7.9) Ref. 6 (6.7) Ref. 18 (20.2) Ref.

Hygiene-related perception and practices (self-reported)
Does not wash hands in school

Yes 5 (22.7) 2.31 (0.64, 8.30) 0.20 1 (4.6) 0.56 (0.23, 1.37) 0.21 4 (18.2) 0.63 (0.16, 2.47) 0.51
No 23 (12.2) Ref. 12 (6.4) Ref. 42 (22.2) Ref.

Does not use school restroom
Yes 4 (44.4) 62.9 (2.62, 1508) 0.01 1 (11.1) 6.47 (0.40, 105) 0.19 2 (22.2) 0.43 (0.08, 2.39) 0.33
No 24 (11.9) Ref. 12 (5.9) Ref. 44 (21.8) Ref.

Hygiene lessons are not taught in school
Yes 5 (26.3) 3.36 (0.61, 18.5) 0.16 2 (10.5) 6.22 (0.77, 49.9) 0.09 5 (26.3) 3.58 (0.92, 13.9) 0.07
No 23 (12) Ref. 11 (5.7) Ref. 41 (21.4) Ref.

Household level (self-reported)
Number of adults

1–2 13 (13.5) Ref. 4 (4.2) Ref. 22 (22.9) Ref.
3–4 7 (11.3) 0.69 (0.20, 2.38) 0.56 5 (8.1) 4.92 (0.91, 26.8) 0.07 15 (24.2) 0.46 (0.14, 1.51) 0.20
≥5 8 (15.1) 0.75 (0.16, 3.48) 0.71 4 (7.6) 3.12 (0.41, 23.4) 0.27 9 (17) 0.29 (0.06, 1.44) 0.13

Number of children
1–2 6 (6.3) Ref. 5 (5.2) Ref. 26 (27.1) Ref.
3–4 11 (12.2) 0.96 (0.19, 4.82) 0.96 8 (8.9) 2.92 (0.49, 17.2) 0.24 15 (16.7) 0.37 (0.16, 0.87) 0.02
≥5 11 (45.8) 15.7 (1.79, 138) 0.01 0 n/a 4 (16.7) 0.15 (0.03, 0.80) 0.03

Duration (years) of residence in home
0–4 7 (15.6) Ref 3 (6.7) Ref. 8 (17.8) Ref.
5–19 7 (8) 0.52 (0.07, 3.98) 0.53 4 (4.6) 0.41 (0.03, 6.18) 0.52 19 (21.6) 1.52 (0.57, 4.08) 0.40
≥20 14 (18) 1.41 (0.28, 7.22) 0.68 6 (7.7) 1.04 (0.22, 4.81) 0.97 19 (24.4) 4.21 (1.07, 16.7) 0.04

Does not eat a variety of food
Yes 1 (7.7) 0.10 (0.01, 0.90) 0.04 2 (15.4) 5.56 (1.45, 21.4) 0.01 4 (30.8) 0.42 (0.06, 2.76) 0.37
No 27 (13.6) Ref. 11 (5.6) Ref. 42 (21.2) Ref.

Home WaSH (observed)
No restroom inside home

Yes 7 (35) 4.44 (0.73, 27.1) 0.11 2 (10) 6.31 (0.87, 45.9) 0.07 3 (15) 0.82 (0.26, 2.65) 0.74
No 20 (11.6) Ref. 11 (6.4) Ref. 35 (20.4) Ref.

Restroom is not clean
Yes 15 (19.7) 0.71 (0.18, 2.86) 0.63 8 (10.5) 2 (0.24, 17) 0.53 9 (11.8) 0.46 (0.20, 1.07) 0.07
No 12 (10.3) Ref. 5 (4.3) Ref. 29 (25) Ref.

Restroom has no water
Yes 3 (37.5) 1.09 (0.17, 7) 0.92 1 (12.5) 0.34 (0.01, 12.3) 0.56 0 n/a
No 24 (13) Ref. 12 (6.5) Ref. 38 (20.7)

(continued on next page)
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Table 6 (continued)

Factor Stunting only (N = 28) Undernutrition only (N = 13) Overnutrition (N = 46)

n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value n (%) aOR (95% CI) p-Value

Restroom has no handwashing basin
Yes 15 (25) 14 (4.30, 46.2) p < 0.01 4 (6.7) 1.80 (0.27, 12.2) 0.55 12 (20) 2.40 (0.94, 6.16) 0.07
No 11 (8.4) Ref. 9 (6.9) Ref. 26 (19.9) Ref.

Restroom is not well-lit
Yes 12 (14.5) 0.15 (0.01, 1.51) 0.11 9 (10.8) 6.99 (1.20, 40.7) 0.03 14 (16.9) 1.51 (0.49, 4.64) 0.47
No 14 (13.2) Ref. 4 (3.8) Ref. 24 (22.6) Ref.

Restroom has no door lock
Yes 15 (17.7) 1.73 (0.20, 15.2) 0.62 7 (8.2) 0.29 (0.06, 1.34) 0.11 12 (14.1) 0.43 (0.11, 1.70) 0.23
No 11 (10.4) Ref. 6 (5.7) Ref. 26 (24.5) Ref.

Restroom has signs of mould
Yes 19 (19.4) 9.12 (1.89, 44) 0.01 7 (7.1) 2.18 (0.57, 8.42) 0.26 13 (13.3) 0.45 (0.28, 0.73) p < 0.01
No 8 (8.5) Ref. 6 (6.4) Ref. 25 (26.6) Ref.

No garbage bin in or near restroom
Yes 21 (18.4) 1.71 (0.34, 8.49) 0.51 8 (7) 0.51 (0.12, 2.28) 0.38 25 (21.9) 1.36 (0.60, 3.08) 0.47
No 6 (7.7) Ref. 5 (6.4) Ref. 13 (16.7)

Note. aOR, adjusted odds ratio; CI, confidence interval; Ref., reference group; WaSH, water, sanitation, and hygiene.
aORs were estimated by multiple logistic regression models. Variables of exposure included in models were: female, early-teenager (age 13–14 years old), does not eat three
times per day, does not consider self to be “healthy”, had diarrhoea, is dehydrated (urine specific gravity≥ 1.020), had helminth infection, does not wash hands in school,
does not use school restroom, hygiene lessons are not taught in school, number of adults living in home, number of children living in home, duration (years) of residence in
home, does not eat a variety of food at home, home has no indoor restroom, home restroom is not clean, home restroom has no water, home restroom has no handwashing
basin, home restroom is not well-lit, home restroom has no door lock, home restroom has signs of mould, and no garbage can inside or nearby home restroom.
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