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ABSTRACT

Introduction  Stunting among young children is a serious public health issue worldwide.
Stunting is also one of the major risk factors for poor physical and mental
development of these children. It is known that children’s health and wellbeing
are a result of exposure to unhealthy environment and a lack of stimulating
activities especially in the low- and middle-income countries ultimately
leading to the increase in the number of stunted children. This scoping review
aims to identify environmental factors that contribute to stunting less than six
years old children.

Methods In this review, PRISMA-ScR checklist to search Scopus, PubMed, and Web of
Science databases. We included all original articles published between 2018
and 2022 and written in the English Language using combination of primary
keyword (child*) and its MeSH and synonyms for population, and two
secondary keywords (environ*) for exposure and (stunt*) for outcome as
searching strategy. By using PRISMA extension for scoping reviews, 65
articles were reviewed and finally 25 eligible studies were included.

Results The included studies showed that lack of clean water access, poor sanitation,
and poor hygiene practice were associated with higher risk of stunting among
these children. Improper solid waste management, area of residence and type
of housing, poor quality of cooking fuels and poor air quality, presence of
intestinal parasitic infection and increased blood lead levels, were also noted
as potential environmental factors that affect stunting.

Conclusions  Investment in infrastructure to provide safe and clean water and adequate
sanitation facilities in communities with expanded health promotion activities
focusing on hygiene practices and waste management may thus stunting and
improve children’s health outcome.
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INTRODUCTION

Globally, it has been estimated that 22% or 149
million children under the age of five globally were
stunted in 2020." The World Health Organization
(WHO) defines stunting as impaired growth and
development among children that is caused by poor
nutrition, recurrent infections, and a lack of
psychosocial stimulation such as insufficient
opportunities to play and learn.? Stunting is a sub-
form of malnutrition characterized by impaired
linear growth (length or height for age) in the early
years of life.! According to the WHO Child Growth
Standards, A child is considered as stunted when the
height or length is more than two standard
deviations below the median height for age of the
WHO Child Growth Standards. Almost 45% of
death of children under the age of five are
undernourished especially in low- and middle-
income countries,! and are frequently associated
with poor socioeconomic conditions, poor maternal
health and nutrition, recurrent infections, as well as
improper infant and young child feeding and care in
the early years of life.> Numerous strategies have
been used to reduce stunting among young children.
Combination of preventive approach and treatment
such as nutritional intervention not only to the
children but also to antenatal mothers has been
carried out.®® All of these efforts are aimed at
achieving the target of World Health Assembly
which is to reduce stunting by 40 percent between
2010 and 2025.2

The consequence of stunting among young
children, if left untreated, may leave short and long
term adverse outcomes. Short-term effects include
increased risk of infections, poor academic
performance, decreased work capacity, and loss of
cognitive function.®”!! Meanwhile long term effects
include increased susceptibility to accumulate fat
mostly in the central region of the body, insulin
resistance and lower energy expenditure.
Subsequently, these may lead to higher risk of
developing chronic diseases such as diabetes,
hypertension, and dyslipidaemia in future and at a
time increased risk of morbidity and mortality. All
of these contribute to loss of income and may lead
to slow economic growth and increased poverty
levels in the country.®!!

The word environment is descending from
the middle French preposition “environ” which
means “around,” and by definition, environment
means the circumstances, objects or conditions by
which one is surrounded.!? Environmental factors
contribute to multiple health impacts worldwide.
Multiple studies have revealed that environmental
factors either indoor or outdoor environment have
been associated with stunting.!**7 Exposure to
unhealthy environment affects the health and
wellbeing of children and subsequently contributing
to stunting. By understanding how much stunting
can be attributed by modifiable environmental
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factors contribute to opportunities to identify the
prevention measures. Global health initiatives
prioritized the improvement of environment
conditions in communities such as enhancing access
to clean water, sanitation and hygiene especially in
the low- and middle-income countries can
significantly reduce the incidence of stunting and
improve the health outcome. Thus, this scoping
review aimed to identify the environmental factors
that contribute to stunting among less than six years
old children in order to suggest intervention to
mitigate this issue.

METHODS

Search Strategy

The environmental factors that contribute to stunting
among under six years old children were explored
using a scoping review guided by the methodology
by Arksey and O’Malley.*® This paper adheres to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) extension for
scoping reviews.* A comprehensive search strategy
was developed from three electronic citation
databases: PubMed, Scopus, and Web of Science.
The search strategies used terms to capture the
following concepts: (1) Environ*; (2) Child, kid,
toddler, offspring, preschool children; and (3)
stunt*.

Study Selection and Eligibility Criteria

Four reviewers determined individual article
eligibility. Articles were considered eligible for
inclusion if they discussed any environmental
factors that were associated with stunting among
children aged below six years old with full text
availability, original articles and published between
the year 2018 to 2022 in peer reviewed journals
which reported on empirical findings other than
theory outcomes. Articles were excluded if they
were written in a language other than the English
Language, published more than five years and
article that were review papers, commentaries,
editorials and conference abstracts. Articles that
described other than environmental factors
contributing to stunting were also not included.

Data Extraction

The PRISMA extension for scoping reviews (Figure
1),% was used to carry out the screening process.
Titles and abstracts were identified from the search
strategy were gathered and duplicate papers were
removed. Next, the titles and abstracts of the studies
were screened in accordance with the inclusion and
exclusion criteria. Subsequently, the full text of
selected studies was retrieved for review and
reassessed to confirm their eligibility and suitability.
The data from the selected studies was then
extracted and transferred to a Microsoft Excel
spreadsheet. The-details included were the citation
information, publication year, study type, location,
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study population, and the main findings. The fourth
reviewer was assigned to resolve any disagreement
between the other three reviewers.

Method of Synthesis

The selected studies were described in narrative
form and then synthesised thematically using tables
and texts. The evidence was expressed based on the
study location, study population, and the
environmental factors associated with stunting
among preschool children. The descriptive themes
were generated based on the findings with the aim
of answering questions specific to the review and
thus provide a thematic structure for the descriptions
of the selected studies.

Data Analysis
Based on a thematic analysis, the data that were
collected from the selected studies were summarised

and arranged into pertinent topics. The narrative
summary was organised in accordance with the
similarities found in the different types of
environmental factors associated with stunting
among under six years old children.

RESULTS

Study Selection

The initial search yielded 1,462 articles, with 658
articles remained after duplicates were removed. At
the title and abstract screening stage, 589 articles
were excluded. A total of 69 articles were screened
as full text, and 4 articles were not able to be
retrieved, leaving 65 articles. Subsequently, an
additional 40 articles were excluded for reasons
shown in Figure 1.

Records removed before screening:
Duplicate records removed (n =
804)

Records excluded**
(n=589)

Reports not retrieved
(n=4)

Figure 1 Screening process for scoping review
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Reports excluded:
Non preschool age group (n =
27)
Study protocol (n = 2)
Review (n = 6)
No environmental factor studied
(n=3)
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Table 1 Summary of the study designs

Study Design

Authors

Cross sectional

Case-control studies
Cohort studies
Cluster randomised trial

Ahmad et al. 202213, How et al. 202014, Id et al. 202125,
Ademas et al. 202131, Muche et al. 202132, Takele et al.
201933, Ainy et al. 202134, Berger & Poirot 201835, Gizaw et
al. 202236, Hall et al. 202037, Bustos et al. 202115, Rukambile
et al. 202016, Wana & Tesfaye 202317, Mostafa et al. 201818,
Sema et al. 202119, Blankenship et al. 202020, Id et al. 202221,
Ndagijimana & Kabano 202222, Gupta et al. 202123, and
Rocky et al. 202124

Vonaesch et al. 202126 and Fufa 202227

Clarke et al. 202228 and Ahmadi et al. 202229

Humphrey et al. 201930

Table 2 Summary of the study locations

Study Location Studies

Ethiopia Ademas et al. 20213, Muche et al. 202132, Takele
et al. 20193, Gizaw et al. 20223, Fufa 2022%,
Wana & Tesfaye 2023'7, and Sema et al. 2021"

Indonesia Id et al. 2021%°, Ainy et al. 20213 and 1d et al.
202221

Zimbabwe Humpbhrey et al. 20193

East Africa Clarke et al. 202278

Malaysia How et al. 2020'

Pakistan Ahmad et al. 20223

Cambodia Berger & Poirot 2018%

Bangladesh Mostafa et al. 2018'® and Rocky et al. 2021

Madagascar Vonaesch et al. 202126

Central African Republic
Papua New Guinea
Philippines

Tanzania

Myanmar

Rwanda

India

Benin, West Africa

Vonaesch et al. 20212

Hall et al. 202037

Bustos et al. 202113
Rukambile et al. 2020'°
Blankenship et al. 2020%°
Ndagijimana & Kabano 20222
Gupta et al. 2021%

Ahmadi et al. 2022%

Article Characteristics

A total of 25 articles from the screened records were
selected for review (Figure 1). Majority of the
studies applied a cross-sectional design, followed by
case-control studies (2), cohort studies (2) and
cluster randomised trial (1). The frequency of
countries reported in the 25 studies varied, where
majority of the studies were conducted in Ethiopia
with a total of seven studies, followed by three
studies in Indonesia, two studies in Bangladesh and
one study each in Zimbabwe, East Africa, Malaysia,
Pakistan, Cambodia, Madagascar, Central African
Republic, Papua New Guinea, Philippines,
Tanzania, Myanmar, Rwanda, India and Benin,
West Africa. The type of study as well as the country
involved are summarised in Table 1 and Table 2.

Main Findings

Water, Sanitation and Hygiene (WASH)

Most of the reviewed articles emphasised the aspects
of water, sanitation and hygiene (WASH). Eight out
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of 25 eligible articles (32%) discussed on the aspects
of water, ten articles (40%) discussed on sanitation
and seven articles (28%) discussed on hygiene.

Water

Access to safe water was clearly featured in the
reviewed studies. Four eligible articles found that
lack of clean drinking water source was
significantly associated with increased risk of
stunting,?%?%31-33 Ademas et al. found that children
in households using unimproved drinking water
sources were 3.85 times more likely to be stunted
compared to children from households with
improved water sources (COR 3.854, 95% CI:
2.132-6.97). Unimproved drinking water source
refers to surface water such as river, dams, lakes,
ponds, streams, canal, and irrigation channels; or
water from unprotected wells or springs; or from
vendors of tanker trucks.** Whereas, improved
drinking water source refers to pipe into the
residence, public tap, standpipes, water from
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borehole, protected well springs and bottled water*’
and Gizaw et al. in their studies in Ethiopia revealed
that drinking water contaminated with E. coli was
significantly associated with stunting in children
under five years of age.3® Their study shows E. coli
contamination of drinking water was associated with
4.2 times higher odds of stunting among children
(AOR 4.2, 95% CI 1.1, 15.3). In contrast, three
eligible articles found no association between access
to safe water source and stunting among preschool
children.?#?”37 Meanwhile, Humphrey et al. in their
studies in Zimbabwe revealed that WASH
interventions implemented in rural areas was
unlikely to reduce stunting.*

Sanitation

Multiple reports showed that access to unimproved
sanitation was found to be significantly associated
with stunting among preschool children.!3!431:3237
Type of toilet facilities is a major issue where
children who did not have latrine facility,'>33 and
practice open defecation,* had higher odds of being
stunted. Takele et al found that children in
households with no toilet facility were 1.5 times
more likely to be stunted compared to children in
households with a flush toilet (OR 1.52, 95% CI
0.064,0.726) . Similarly, Ahmad et al in their study
in Pakistan revealed that children in households with
no latrine availability are 1.76 more likely to be
stunted compared to children in households with
latrine facility (OR 1.76, 95% CI 1.36,3.84) . Study
in Ethiopia showed that children who were exposed
to open defecation practice were three times more
likely to be stunted compared to children who did
not practice open defecation (AOR 3.0, 95% CI 1.2,
7.9). Having a healthy environmental sanitation,*
and having improved toilet,”> were found as
protective factors for stunting. However, in contrast,
report from Blankenship et al. showed that there was
no association between open defecation and
stunting,”® and Rocky et al. in their study in
Bangladesh found that unimproved toilet facility
was not associated with stunting.?* Unimproved
sanitation refers to unimproved toilet where the type
of toilet facility includes a bucket or a toilet that
flushes elsewhere either inside or close to household
environment; or a pit latrine without slab; or no toilet
facility at all, using bush, or field.** Whereas,
improved sanitation refers to improved toilet
facilities such as any non-shared toilet of those types
including composting toilets, ventilated improved
pit (VIP) latrines, pit latrine with slabs, and flush or
pour toilets to piped water systems.*°

Hygiene

Not practicing good hygiene contributes to stunting
according to the majority of the reports,!819:26:31.36
Children with poor hygienic practice were 2.43
times more likely to be stunted compared to children
with good hygienic practice (COR 2.434, 95% CI:
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1.74-3.403).3'Study conducted in Ethiopia revealed
that children with present of animal excreta in their
living environment are 3.4 more likely to be stunted
compared to children with no animal excreta in their
living environment (AOR 3.4, 95% CI 1.2,9.9).%
Other than that,children with mother who failed to
wash their hands with soap were 3.14 more likely to
be stunted compared to children with mother who
always wash their hands with soap (COR 3.14, 95%
CI 1.84,5.37), specifically after cleaning the child’s
bottom after they defecated.'® This finding is
consistent with study conducted in Bangladesh
where children whose mothers did not wash their
hands with soap after cleaning the child’s bottom
following defecation were two times more likely to
suffer from stunting (OR 2.04, 95% CI 1.27-3.29).
Children who have restricted access to soap were
also found to be associated with more than threefold
increase in stunted child growth (aOR 3.38; CI 1.68;
6.80).2° Children who practice washing hands in
running water were associated with higher height-
for-age z-score (HAZ).'® In contrast, Fufa et al.
found that functional hand washing facility near to
the toilet was not associated with stunting.?’” One of
the reviewed articles showed that improper solid
waste management practice of the household was
associated with higher risk of stunting among
preschool children.!” Increased stunting rates were
caused by inadequate waste removal from the
community.

Housing types and area

In studies conducted in Myanmar, living in
agroecological zone was significantly associated
with stunting. Children who live in mountainous
upland (RRR 1.38, 95% CI 1.09, 1.75), delta (RRR
1.27, 95% CI 1.03,1.57), and coastal area (RRR
1.39, 95% CI 1.02,1.91) were associated with an
increased risk of stunting.?? Another study in India
revealed that type of house the children live were
also associated to stunting. Children living in
“Kuccha houses” were at 2.01 times higher risk for
stunting as compared to those who live in “Pucca
houses”.?* “Kuccha houses” refers to houses with
inadequate standard in terms of both its condition
and amenities as well as the quality of its
construction. Meanwhile, “Pucca houses” refers to
houses having satisfactory standard.*!

Cooking fuels and air quality

People who cook their food using wood as medium
of cooking has a higher risk of stunting. Children
were found to be 1.78 times higher risk of stunting
when cooking with firewood as opposed to liquefied
petroleum gas (LPG).? In contrast, Rocky et al. in
their study in Bangladesh found that the use of solid
waste in cooking were not associated with
stunting.?* Another study found that particulate
matter 2.5 (PM2.5) was identified as an
environmental risk factor for lower height for age Z
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score (HAZ) among young children in East Africa.
For every 10 mcg/m? increase in PM2.5
concentration, the children who were exposed to it
had 9% higher odds of being stunted.?

Intestinal parasite

This review revealed five studies that explored the
association between intestinal parasite infections
and stunting. Three studies found that there was a
significant positive association between stunting and
intestinal parasite infections. Study conducted in
Philippines found that there was a significant
positive association between stunting and the
presence of Ascaris infection (p=0.01),"* whereas
study conducted in Combodia revealed that gardia
duodenalis infection was a significant risk factors
for stunting in children. (OR 1.67, 95% CI 1.12,
2.49).35 Other than that, other intestinal parasites
with higher environment enteric dysfunction (EED)
disease activity scores, were also found to be
significantly associated with stunting (AOR 2.9,
95% CI 1.2,6.7).3¢ Children who did not undergo
deworming were also found to be statistically
associated with stunting.’! In contrast, one study
conducted in Indonesia revealed that there was no
association between soil transmitted helminth and
stunting.?

Insecticide-treated bed nets usage

There was a statistically significant association
between children sleeping under insecticide-treated
bed nets (ITN) with stunting.!” Study conducted in
Ethiopia showed that children who have been
regularly sleeping under ITNs had 63% lower risk of
stunting.!” ITNs is known as a form of personal
protection that has been demonstrated to decrease
malaria illness, severe disecase and mortality due to
malaria in endemic areas. Mosquitoes and other
insects are killed by the insecticides used to treat bed
nets.*!

Heavy metals

Two studies in this review explored the association
between blood lead levels and stunting. One study in
Bogor, Indonesia showed that children with high
blood lead levels (BLL) were protected from
stunting.?! Another study in Benin showed no
association between lead exposure in infancy and Z-
scores for height at ages 4 and 6 years. However,
their study revealed that high exposure quartiles
were associated with stunting at age 4 years and this
association remained significant only in girls in the
sex-specific analyses.?

DISCUSSION
Studies included in this review reported multiple
modifiable environmental factors that were

significantly associated with stunting among
children from birth to six years old. Most of the
reviewed reports emphasised on water, sanitation
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and hygiene (WASH). By improving access to clean
water supply, sanitation and practicing good
hygiene, stunting among children can be prevented.
Public awareness of hygiene must be raised through
coordinated efforts. To reduce the risk of intestinal
parasitic infection and subsequent stunting in
children, preventive measures that guard against
prolonged exposure to animal faeces may be the
most effective. Proper and safe management of
domestic solid waste were expected to reduce
stunting.

Area and type of housing are also important
factors contributing to stunting. Housing located at
agroecological zone such as mountainous upland is
known for their remoteness, poor accessibility and
vulnerable to food insecurity.?’ Likewise, housing
located at coastal zone is characterized by poor
sanitation and unimproved drinking water.?’ Living
in substandard housing type such as “kuccha
housing” suggests that these children are from low
socioeconomic status family. One of the most
crucial factors affecting access to healthcare,
education, and nutritional facilities is one’s
economic status.

Additionally, exposure to fine particulate
matter air pollution is also an important risk factor
for physical and neurodevelopmental dysfunction of
children from prenatal period.* The majority of the
particles released by the combustion of biomass and
coal are in the fine and ultrafine size range. Studies
on the particles produced by the combustion of
biomass have revealed that typically more than 80%
are smaller than 1 um, with the mean particle size
being usually around 0.1 um (between 50 nm to 200
nm).* Findings from this review is in line with other
study who showed that poor air quality is a
significant risk factor for stunting.**

One of the studies in this review showed
that there was a significant association between
children sleeping under insecticide-treated bed nets
ITNs and stunting. Although there was lack of
evidence on the direct effect of children usage of
ITNs and stunting, multiple studies revealed that
children who were infected with malaria had a
higher likelihood of stunting.**#7 This suggests that
malaria infection and stunting might be directly
related.

Childhood 1is considered to be the most
vulnerable time for lead exposure. Numerous
sources of exposure can expose children to lead such
as exposure to contaminated drinking water and
food, soils and dusts.?! In this review, two studies
explored the association of blood lead levels and
stunting, however their findings contradict a
systematic review on risk factors of lead exposure
to stunting in toddlers who showed that increased
blood lead levels significantly increased the risk of
stunting.*® More research is required to see if this
association remains true in different setting.
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LIMITATION

In this review we only used three databases i.e.
PubMed, Scopus and Web of Science to search for
studies which may have limit the number of
available and potential studies. Besides, we only
investigate articles involving children from birth to
six years old. Therefore, various research involving
population beyond this age may have explored other
environmental factors besides the factors discussed
in this review were not selected and reviewed.

CONCLUSION

Stunting among under six-year-old children is a
significant public health concern globally.
Children’s exposure to unhealthy environment
increases the risk of being stunted and at risk for
short- and long-term consequence of stunting. This
review summarized multiple modifiable
environmental factors that were found to be
associated with stunting. These include inadequate
access to clean and safe water, poor sanitation and
hygienic practice, and improper solid waste
management. Other factors identified were the type
and location of housing, the use of poor-quality
cooking fuels, air pollution, intestinal parasitic
infections and elevated blood lead levels.
Addressing these environmental issues through
investment in infrastructure to provide safe and
clean drinking water and adequate sanitation
facilities in communities particularly in rural and
underserved area could play a crucial role in
reducing stunting. A part of that, expanded health
promotion activities focusing on hygiene practices
such as educational campaigns to raise awareness
about the importance of handwashing, proper waste
disposal and safe food handling may also improve
the hygiene practice and indirectly reduce stunting
and improve children’s health outcome.
Collaboration between governments, international

organizations, non-governmental organizations
(NGOs), and local communities is key to
implementing sustainable solutions and may

improve improving the health outcomes of the
children.
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