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ABSTRACT

The low height-for-age can prevent children reaching their physical and cognitive potential. It is usually
associated with poverty, chronic or recurrent undernutrition, poor maternal health, environment and nutrition.
The downstream area of the river has a small slope characteristic and is used for various human activities
such as source of household’s water and food, sanitation, and many others. This study aimed to determine
association of Water, Sanitation, and Hygiene (WaSH) and nutritional status (height-for-age z-scores) of
children aged 24-59 Months Living by Downstream of Kuantan River. Cross sectional study was conducted
among 72 children aged 24-59 months living by the downstream area. The height-for-age z-scores (HAZ
Score) dan Weight-for-age z-score (WAZ Score) was assessed by anthropometric measurement while WaSH
were measured by interview with their parents as well as observations of the household environment. The
means of HAZ dan WAZ score were -1.1 + 1.09 and -1.23+1.06 respectively. Lower HAZ scores were found
in households that have inadequate water sources, unimproved sanitation and washing hands with soap after
defecating (-1.41 vs -1.02; -1.78vs-1.04; -1.14 vs -1.08). Although descriptively WaSH may be a risk factor
associated with the HAZ score, but statistically they are are not significant. WAZ score were correlated with
HAZ Score (pvalue 0.001; r=0.58). Environmental conditions around the river can have an impact on
children's health. Even though statistically WaSH is not related to HAZ scores, it is necessary to consider the
potential for all three to become risk factors because the gap between groups is quite large.
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Introduction

Growth is a key element of a children's health. The growth of all children should be
monitored regularly, especially during the first months of life'. Growth failing which causes
stunting, reflects the occurrence of inadequate intake and chronic and recurrent infectious
diseases**. The impact of impaired growth in children's height can have short, medium and long-
term consequences. In the short term, stunting can increase morbidity and mortality from infectious
diseases, especially pneumonia and diarrhoea *°. The medium-term impact of height growth

disorders is related to child development such as cognitive abilities, education and child behavior*®,
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In the long term, children who experience impaired growth early in life have a risk of developing
hypertension, cardiovascular disease, and type 2 diabetes, especially in children who gain weight
very quickly and become obese after they are 2 years old*’.

Child growth standards can be seen in two forms : using the Z-score table from the
ministry of health which refers to WHO and through the child growth Z-score chart®. Heigh of age
z score (HAZ Score) or Length for age Z Score (LAZ score) is a standardization of children's height
using WHO growth standards. By standardizing height, a person obtains a height measurement that
is independent of age and gender. A decrease in the HAZ score indicates growth disturbance from
time to time®. The average LAZ (length for age Z score) of newborns in developing countries is -
0.5 and may continue to decline until it reaches -2.0 at the age of 18-24 months'®. However, the
growth faltering of children's height can continue to occur after the age of 24 months where socio-

11,12

economic influences™“, parental education and the household environment such as the use of a

latrine or toilet have a big effect on the age of 24-59 months™**2,

Nutritional factors and recurrent infectious diseases are the main determinants of stunting.
Children's nutritional intake must meet their needs, both macronutrients and micronutrients. to
meet the nutritional adequacy rates for children, parents must pay attention to their children's food
intake, both in quantity and diversity. Apart from nutritional factors, water, sanitation and hygiene
(WaSH) can be determinant factors for stunting incidents ***°. This is closely related to the risk of
recurrent infectious diseases in children. Inadequate availability of clean water, poor sanitation and
hygiene can cause the risk of children experiencing diarrhea, Soil-transmitted helminth (STH) and
environmental enteropathy which leads to the incidence of stunting *°.

Children living in watersheds are a vulnerable group experiencing the adverse effects of an
unhealthy environment both physically and behaviorally. River pollution often caused waterborne
diseases in developing country. Water pollution in Indonesia is generated from household and
municipal discarding of sewage, industrial waste and agricultural run-off *'. Research shows an
increase in the concentration of water pollutants in upstream to downstream areas . This is due
to activities that cause water pollution to accumulate in the downstream parts of the river. This
study aimed to determine association of Water, Sanitation, and Hygiene (WaSH) and nutritional
status (height-for-age z-scores) of Children Aged 24-59 Months Living by Downstream of Kuantan

River.

Methods

Cross sectional study was conducted among 72 children aged 24-59 Months who lives by
the downstream area. The study was developed in downstream area of Kuantan River, Kuantan
Singingi, Riau Province. The height-for-age z-scores (HAZ Score) and Weight-for-age z-score

(WAZ Score) was assessed by anthropometric measurement while water, sanitation and hygiene
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were measured by interview with their parents as well as observations of the household
environment. Height measurement using a stadiometer with the brand and type SAGA AU AL-01,
weight measurement using the OMRON HN-286 digital body weight scale. This study was
approved by The Research and Community Engagement Ethical Committee Faculty Of Public
Health Universitas Indonesia No: Ket- 572/UN2.F10.D11/PPM.00.02/2022. The characteristics of
children were expressed as a median, minimum and maximum, mean, standard deviation and
proportions, depending on the data type. The Independent t-test was used for comparisons and

Pearson correlation was used for correlation between groups.

Results

The means of HAZ dan WAZ score were -1.1 + 1.09 and -0.983£1.06 respectively. Based on
Peraturan Menteri Kesehatan Republik Indonesia No 2 Tahun 2020, HAZ Score < -3 SD is
categorized as severely stunted and - 3 SD to < - 2 SD is categorized as stunted. In this study, it
was found that 13 children had a HAZ score <-2 SD, consisting of 3 respondents were severely
stunted and 10 children were stunted. The group of stunted and severely stunted children can be
seen in Figure 1 in the red bar. Meanwhile, the normal child's height category can be seen in the

blue bar. The characteristics of respondents were described in Table.1

Figure.l The distribution of HAZ scores in children aged 24-59 months years

Regarding the sociodemographic factors, 52,8% children were male, Number of Household
Members were 5 person (34.7%) and mother’s education was high school (50%). The mean age of
children was 37 £ 8.03 months and the median (min-max) age of mothers was 32; 22 — 47 years.
The mean height of mother was 154 + 4.23 cm (Table 1).
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Access to drinking water is grouped adequate and inadequate water sources. Meanwhile,
sanitation is grouped into improved (safe and adequate alone) and unimproved (open defecation
and use of shared latrines). This grouping is based on indicators of access to drinking water and
sanitation by Badan Perencanaan Pembangunan Nasional (BAPPENAS) / The Ministry of National
Development Planning. The research results showed that most drinking water access was
categorized as adequate (77.8%) and improved sanitation (91.7%). Hygiene is seen from the
mother's habit of washing her hands with soap. Most mothers had performed handwashing with
soap when changing their child's diaper (100%), after defecating (59.7%), before eating (75%),
before breastfeeding their child (73.6%), and before preparing food (70.8%) (Table 1).

Table 1. Descriptive analysis of study variables

Karakteristik Responden Frekuensi Persentase
(n=72) (%)

Sex

Male 38 52.8

Female 34 47.2
Number of persons in household

3 Orang 11 153

4 Orang 24 333

5 Orang 25 34.7

6 Orang 9 125

7 Orang 2 2.8

8 Orang 1 14
Mother’s formal education

Elementary school 3 4.2

Junior high school 13 18.1

Senior high school 36 50.0

Bachelor 20 27.8
Adequate water sources 56 77.8
Improved Sanitation 66 91.7
Handwashing with soap after cleaning child stools 72 100
Handwashing with soap after defecation 43 59.7
Handwashing with soap before eating 54 75
Handwashing with soap before breastfeeding 53 73.6
Handwashing with soap before preparing food 51 70.8
Height-for-age z-scores (HAZ Score) -1.1+1.09
Weight-for-age z-score (WAZ Score) -0.983+1.06
Child’s age in (month) (mean + sd) 37+£8.03
Mother’s age (year) (median, min-max) 32;22 - 47
Mother’s height (cm) 154 + 4.23

The comparison of HAZ scores on access to drinking water, sanitation and hygiene can be
seen in Table 2. Lower HAZ scores was found in households that have inadequate water sources,
unimproved sanitation and washing hands with soap after defecating (-1.41 vs -1.02; -1.78vs-1.04;
-1.14 vs -1.08). Although descriptively WaSH may be a risk factor associated with the HAZ score,
but statistically the three are not significant. We also conducted statistical analysis to find the
correlation of other factors that might be related to the HAZ score, such as the WAZ score, the
child's age, and the mother's height. Only WAZ score had correlation with HAZ score (pvalue =
0.001; r=0.58) (Figure 1).
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Table 2 The Association of Water, Sanitation, dan Hygiene with Height-for-age z-scores

Water, Sanitation, dan Hygiene n meanzsd Pvalue
Access to household drinking water 0.211
Adequate water sources 56 -1.02+1.15
Inadequate water sources 16 -1.41+0.82
Sanitation
Improved sanitation 66 -1.04+1.12 0.113
Unimproved sanitation 6 -1.78+0.32
Handwashing with soap after cleaning child stools -
No 0
Yes 72 -1.1+1.09
Handwashing with soap after defecation
No 29 -1.14+1.02 0.809
Yes 43 -1.08+1.15
Handwashing with soap before eating
No 18 -0.84+1.21 0.245
Yes 54 -1.10£1/05
Handwashing with soap before breastfeeding
No 19 -0.79+1.19 0.142
Yes 53 -1.22+1.04
Handwashing with soap before preparing food
No 21 -0.75+1.15 0.082
Yes 51 -1.25+1/05
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Figure. 1 Correlation between WAZ score (a), child’s age (b), and mother’s height (c) with
HAZ score
Discussion
Average Height of age z score (HAZ Score) or Length for age Z Score (LAZscore) is a
standardization of children's height using WHO growth standards. By standardizing height, a
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person obtains a height measurement that is independent of age and gender. According to PMK No
2, 2020 (8) concerning child anthropometric standards, HAZ score <-3 SD is grouped as very short
(severely stunted), - 3 SD to <-2 SD is grouped as stunted, -2 SD to +3 SD is normal and > +3 SD
is included in the high category. Analysis of IFLS (Indonesia Family Life Survey) data 1993, 2000,
2007 and 2014 shows that the average HAZ score for children under five in Indonesia was -1.36.
Based on age group, the average HAZ score is lower in children aged 24 — 59 months was -1.75
compared to the 0-23 month age group was -1.19 2. When compared with previous research, the
average HAZ score in this study was higher (1.1).

Water is an essential need for human life. Individuals and households may be impacted by
varying degrees of access to adequate water and sanitation through a variety of processes or disease
transmission pathways®”. Water needs must be met in terms of water sources, sufficient quantity,
supply protection, and water storage. The research results show that the average HAZ score was
lower in families that have inadequate water sources (-1.41+0.82 vs -1.02+1.15), although not
statistically significant (pvalue 0.211). The results of this study are in line with other research, that
improved water and boiled or filtered drinking water are positively related to the HAZ score in
children, which means that the better quality of drinking water, the better the child's HAZ score #*
24.

Sanitation is critical for health, from infection prevention to enhancing and sustaining mental
and social well-being. The lack of safe sanitation leads to infection and diseases including
diarrhoea, neglected tropical diseases, and vector-borne diseases®. In this study, improved
sanitation had a better HAZ score compared to unimproved sanitation (-1.04+1.12 vs -1.78+0.32),
but statistically not significant (pvalue 0.113). Research in 2021 on the analysis of IFLS surveys
shows that household access to sanitation that meets the requirements can significantly increase the
HAZ score by 0.22 and reduce the chance of experiencing stunting by 13%?2'. At the community
level, increased sanitation coverage increased the WAZ score by 0.3 and HAZ by 0.28 *°.

According to WHO, hygiene interventions include the habit of washing hands at five critical
times (before eating, before breastfeeding, before preparing food, after defecating, and after feeding
the baby). A broader definition of hygiene includes food hygiene measures (e.g. washing, covering,
cooking and storing food), environmental hygiene (e.g. cleaning surfaces), menstrual hygiene, or
specific hygiene interventions for the prevention and control of certain diseases (e.g. washing the
face for trachoma, wearing shoes for prevention of soil-transmitted helminths, and animal
management for zoonotic diseases)?’. In this study, 6 important times were asked to mothers of
children: handwashing with soap after cleaning child stools, after defecation, before eating, before
breastfeeding, and before preparing food. Research on the relationship between handwashing and
malnutrition in children still shows inconsistent results. This study shows that there is no

relationship between washing hands with soap and the HAZ score. However, research in rural
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indigenous communities of Jharkhand and Odisha, Eastern India shows the use of a handwashing
agent (soap/ash/mud) was strongly and positively related to HAZ . Other research found that there

is no relationship between CTPS and impaired child height growth/stunting %.

Conclusion

Environmental conditions around the river can have an impact on children's health. Even
though statistically WaSH is not related to HAZ scores, it is necessary to consider the potential for
all three to become risk factors because the gap between groups is quite large. A child's weight loss
or underweight children can be an early warning sign of chronic childhood malnutrition. Periodic
monitoring of the child's growth should be carried out. Further research is needed to compare

children's health conditions, especially nutritional status in upstream river areas

Acknowledgement

Authors would like thank to Faculty of Public Health Universitas Indonesia, Faculty of
Medicine Universitas Riau, The Ministry of Education, Culture, Research, and Technology
Republik Indonesia, Lembaga Pengelola Dana Pendidikan (LPDP) Republik Indonesia, Faculty of
Public Health, Universitas Andalas, and Center for Public Health Research and Development,

National Institute of Health Research and Development (NIHRD), Ministry of Health of Indonesia.

Funding
This research was funded by Ministry of Education, Culture, Research, and Technology

Republik Indonesia.

Conflict of Interest

The authors declare that they have no conflict of interest.

Reference

1. Lissauer T, Carroll W. lllustrated Textbook of Paediatrics: Elsevier; 2021.

2. WHO. Reducing stunting in children: equity considerations for achieving the Global
Nutrition Targets 2025. 2018:4.

3. Stevens GA, Finucane MM, Paciorek CJ. Levels and Trends in Low Height-for-Age.
Disease Control Priorities, Third Edition (Volume 2): Reproductive, Maternal, Newborn, and
Child Health2016. p. 85-93.

4, Prendergast AJ, Humphrey JH. The stunting syndrome in developing countries. Paediatrics
and international child health. 2014;34(4):250-65.

161



I, T 4T

10.

11.

12.

13.

14.

15.

16.

17.

18.

Olofin I, McDonald CM, Ezzati M, Flaxman S, Black RE, Fawzi WW, et al. Associations of
Suboptimal Growth with All-Cause and Cause-Specific Mortality in Children under Five
Years: A Pooled Analysis of Ten Prospective Studies. PLoS One. 2013;8(5).

Nguyen PH, Tran LM, Khuong LQ, Young MF, Duong TH, Nguyen HC, et al. Child Linear
Growth During and After the First 1000 Days Is Positively Associated with Intellectual
Functioning and Mental Health in School-Age Children in Vietnam. J Nutr.
2021;151(9):2816-24.

Emanuella De Lucia R, Giovanny Vinicius Aradjo de F, Carolina Avila V, Gigante DP,
Miranda JJ, Yudkin JS, et al. Associations of stunting in early childhood with
cardiometabolic risk factors in adulthood. PLoS One. 2018;13(4).

Kementerian Kesehatan Republik Indonesia. Peraturan Menteri Kesehatan Republik
Indonesia Nomor 2 Tahun 2020 Tentang Standar Antropometri Anak. Jakarta2020.

Preedy VR. Handbook of Growth and Growth Monitoring in Health and Disease: Springer
New York; 2011.

Victora CG, De Onis M, Hallal PC, Bléssner M, Shrimpton R. Worldwide timing of growth
faltering: revisiting implications for interventions. Pediatrics. 2010;125(3):e473-e80.

Rajpal S, Kim R, Joe W, Subramanian SV. Stunting among Preschool Children in India:
Temporal Analysis of Age-Specific Wealth Inequalities. Int J Environ Res Public Health.
2020;17(13).

Alderman H, Headey D. The timing of growth faltering has important implications for
observational analyses of the underlying determinants of nutrition outcomes. PLoS One.
2018;13(4).

de Onis M, Branca F. Childhood stunting: a global perspective. Matern Child Nutr. 2016;12
Suppl 1(Suppl 1):12-26.

Cumming O, Cairncross S. Can water, sanitation and hygiene help eliminate stunting?
Current evidence and policy implications. Maternal & Child Nutrition. 2016;12(S51):91-105.
Helmyati S, Atmaka DR, Wisnusanti SU, Wiganti M. STUNTING : Permasalahan dan
Tantangannya. Yogyakarta: Gadjah Mada University Press; 2019.

Girma M, Hussein A, Norris T, Genye T, Tessema M, Bossuyt A, et al. Progress in Water,
Sanitation and Hygiene (WASH) coverage and potential contribution to the decline in
diarrhea and stunting in Ethiopia. Maternal and child nutrition. 2021:e13280-e.

Garg T, Hamilton SE, Hochard JP, Kresch EP, Talbot J. (Not so) gently down the stream:
River pollution and health in Indonesia. Journal of Environmental Economics and
Management. 2018;92:35-53.

Pratama MA, Immanuel YD, Marthanty DR. A Multivariate and Spatiotemporal Analysis of
Water Quality in Code River, Indonesia. The Scientific World Journal. 2020;2020:8897029.

162



19.

20.

21.

22.

23.

24,

25.
26.

27.

28.

29.

Hasibuan DKA, Riani E, Anwar S. Kontaminasi Merkuri (Hg) pada air sungai, air sumur,
sedimen dan ikan di Sungai Kuantan, Riau. Jurnal Pengelolaan Sumberdaya Alam dan
Lingkungan (Journal of Natural Resources and Environmental Management).
2020;10(4):679-87.

Tandukar S, Sherchand JB, Bhandari D, Sherchan SP, Malla B, Ghaju Shrestha R, et al.
Presence of Human Enteric Viruses, Protozoa, and Indicators of Pathogens in the Bagmati
River, Nepal. Pathogens. 2018;7(2):38.

Cameron L, Chase C, Haque S, Joseph G, Pinto R, Wang Q. Childhood stunting and
cognitive effects of water and sanitation in Indonesia. Economics & Human Biology.
2021;40:100944.

Geere J-AL, Hunter PR. The association of water carriage, water supply and sanitation usage
with maternal and child health. A combined analysis of 49 Multiple Indicator Cluster
Surveys from 41 countries. International Journal of Hygiene and Environmental Health.
2020;223(1):238-47.

Chakrabarti S, Singh P, Bruckner T. Association of Poor Sanitation With Growth
Measurements Among Children in India. JAMA Netw Open. 2020;3(4):e202791.

Dearden K, Schott W, Crookston B, Humphries D, Penny M, Behrman J. Children with
access to improved sanitation but not improved water are at lower risk of stunting compared
to children without access: a cohort study in Ethiopia, India, Peru, and Vietnam. BMC Public
Health. 2017;17.

WHO. Guidelines on sanitation and health. Geneva: World Health Organization; 2018.
Shrestha SK, Vicendese D, Erbas B. Water, sanitation and hygiene practices associated with
improved height-for-age, weight-for-height and weight-for-age z-scores among under-five
children in Nepal. BMC Pediatrics. 2020;20:1-10.

WHO. Water, sanitation, hygiene and health: a primer for health professionals. Geneva:
World Health Organization; 2019.

Saxton J, Rath S, Nair N, Gope R, Mahapatra R, Tripathy P, et al. Handwashing, sanitation
and family planning practices are the strongest underlying determinants of child stunting in
rural indigenous communities of Jharkhand and Odisha, Eastern India: a cross-sectional
study. Maternal & Child Nutrition. 2016;12(4):869-84.

Herawati H, Anwar A, Setyowati DL. Hubungan sarana sanitasi, perilaku penghuni, dan
kebiasaan cuci tangan pakai sabun (CTPS) oleh ibu dengan kejadian pendek (stunting) pada
batita usia 6-24 bulan di wilayah kerja Puskesmas Harapan Baru, Samarinda. Jurnal
Kesehatan Lingkungan Indonesia. 2020;19(1):7-15.

163



