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Abstract

Underweight in infants and under-five children may cause growth and developmental disorders and it remains one
of the major factors causing child mortality, illness and disability. Underweight is still one of the nutritional
problems in Indonesia and the government is undertaking all efforts and drawing up effective strategies to reduce
the prevalence of underweight in Indonesia. The purpose of this study was to see what factors were associated with
underweight in under-five-year-old children in Lebak Regency and Tangerang City, Banten Province. The study
applied the logistic regression method using the 2013 Basic Health Research. Underweight in children was
calculated by converting the anthropometric measurements into a standardized value (Z-score), which was then
presented in the index of body weight for age. The results obtained among 492 infants revealed there were 28.5%
(about 75 children under five) with underweight status. Children from families who did not apply good sanitation
by disposing of garbage in an unsanitary manner had a risk of 15.2 folds (OR = 15.2, 95% CI = 4.69-49.65) to be
underweight compared with those who had good sanitation behaviors. Children under five from families with a
low socioeconomic status had a risk of 2.5 folds (OR = 2.5, 95% CI = 1.12-5.53) to suffer from underweight
compared to those who had a high socioeconomic status. The conclusion is sanitation and socioeconomic status are
related to the underweight status of children under five in Lebak Regency and Tangerang City.
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1. Introduction

Nutrition plays an important role throughout the human life cycle and is critical for both health and economic
development. Today, the world faces a double burden of nutrition. In the same country, at the same time, people
face the problems of malnutrition. Malnutrition refers to imbalances in a person’s intake of energy or nutrients. It
includes undernutrition (wasting, stunting, underweight), inadequate vitamins or minerals, overweight, obesity,
and diet-related noncommunicable diseases. In fact, 1.9 billion adults are overweight or obese, while at the same
time 462 million are underweight, plus 52 million children under five suffer from wasting (WHO, 2019). Around
45% of deaths among children under 5 years of age are linked to undernutrition (WHO, 2020). Underweight
children are those with a low weight-for-age, who may be stunted, wasted, or both. It usually indicates recent and
chronic or recurrent undernutrition. Underweight may also be associated with infectious diseases, poor
socioeconomic conditions, poor maternal health and nutrition, and/or inappropriate infant and young child feeding
and care in early life (Titaley, 2019). Those may increase the risk of death and hold children back from reaching
their physical and cognitive potential (Prendergast, 2014; Woldehanna, 2017). This causes underweight as an
important indicator that can be used as an initial measure of malnutrition in children.

Based on the results of the 2017 Indonesia Demographic and Health Survey (IDHS), conducted by the National
Population and Family Planning Board (NPFPB) and the Central Bureau of Statistics (CBS), Indonesia’s overall
under-five mortality rate (UMR) remains high, at an estimated 32 deaths per 1000 live births (CBS, 2018). It is far
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from the Sustainable Development Goals (SDGs) target of 25 deaths per 1000 live births (INFID, 2017) and would
require extensive efforts from the Government of Indonesia (GOI). The Global Nutrition Report (GNR) 2020
reported that Indonesia is one of the 50 countries that have been on track for 1 target of 4 global nutrition targets
(Mannar, 2020). Based on the results of the Basic Health Research (Riskesdas) undertaken by the National
Institute of Health Research and Development (NIHRD) — Ministry of Health (MOH), the nutritional status of
children has shown improvement. In the case of underweight, the improvement of nutrition is reflected in the
reduction of underweight in under-fives from 19.6% in 2013 to 17.68% in 2018 (NIHRD, 2013; NIHRD, 2018).
Indonesia’s national midterm development plan has emphasized the importance of improving the quality of
children and improving the quality of the environment in which the two are interconnected (BAPPENAS, 2019).
In addition, the main priority of nutrition improvement efforts is the vulnerable group which is infants and children
under five (RI, 2009). To improve health and nutrition in children under five, the GOI has implemented several
activities, including the Supplementary Feeding for under-fives and Community-Based Total Sanitation activities
(MOH, 2019).

A few studies have been conducted to evaluate the association of underweight in children under five and the
influencing factors (Putri et al., 2015; Rapar et al., 2014; Nigatu et al., 2018; Tosheno et al., 2017; Adhikari et al.,
2017). A quantitative study that examined factors associated with underweight among children under five in
Padang found that mother’s level of education and working status, as well as the socioeconomic level were
significantly related to child underweight (Putri et al., 2015). Other evidence in Manado, North Sulawesi found
that maternal parenting was associated with nutritional status of children under five (Rapar et al., 2014). Advanced
maternal age (> 35 years), no antenatal care during pregnancy, rural residence (Nigatu et al., 2018), and maternal
decision-making power (Tosheno et al., 2017) were found to be significant predictors of underweight children. In
addition, there was an association of environmental sanitation and hygiene with underweight in children under five.
Research in Nepal found that boiled water drinking practices and growth monitoring were significantly associated
with childhood underweight (Adhikari et al., 2017) although the result is still weak.

Given the evidence gap surrounding the effect of sanitation and hygiene behaviour and nutritional status in
children under five, this study aimed to see the relationship between underweight and parent’s behavior related to
sanitation and their socio-economic characteristics using the 2013 Riskesdas. The prevalence of underweight in
children under five in Banten Province was 17.2%, almost the same as the national prevalence in 2013 (19.6%)
(NIHRD, 2013). This shows that the problem of underweight in Banten Province is still a public health problem
that needs attention. If seen further, the prevalence of underweight in Lebak Regency reaches 20.8%, which is
higher than that of the national average. Meanwhile, the lowest prevalence of underweight in Banten Province is in
Tangerang City (10.9%). Therefore, in this study, the two regions were selected to describe a comparison between
those regions with the lowest and highest prevalence rates in Banten Province.

2. Method
2.1 Data Sources

This study used the data from the 2013 Basic Health Research (Riskesdas), which was carried out simultaneously
in 33 provinces throughout Indonesia by the National Institute of Health Research and Development, the
Indonesian Ministry of Health.

Riskesdas is a community-based survey conducted by the Ministry of Health to all regions in Indonesia. The
purpose of conducting Riskesdas is as a tool to assess the achievement of health development outcomes every five
years. Implementation every five years is considered as an actual interval to assess the development of public
health status, risk factors and the progress of health development efforts. Data collection methods were undertaken
through interviews, measurements, and examinations. Data collection was carried out by local enumerators with
technical supervision by the researchers from the National Institute of Health Research and Development, the
Ministry of Health, the Republic of Indonesia. In collecting data, 1 team was responsible for 11 to 12 census blocks.
The Census Block is an area consisting of 10 households. This means that 1 enumerator team was responsible for
110 to 120 households. A list of census blocks and sample households were obtained from the Central Bureau of
Statistics (CBS).

2.2 Data Collection Tools and Methods

Data collection began when the enumerator teams had received a copy of the census block list and sample
households from CBS. Then, the teams identified the sample locations. Based on the identification, the enumerator
teams had an overview of the sample locations so that a data collection schedule plan could be arranged, and the
data collection strategies would be carried out to be efficient and effective.
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The interviews used 2 instruments, namely: Household and Individual Questionnaires. The respondents for the
Household Questionnaire were heads of families or housewives or household members who could provide
information.

The respondents for the Individual Questionnaire comprised of every household member in various age groups.
Specifically, for the household members who were less than 15 years old, and in sick condition, interviews were
conducted with household members who are their companions.

The anthropometric measurements were carried out using several tools. The height data were measured with a
multifunctional height measuring instrument with a measurement capacity of two meters and an accuracy of 0.1
cm. The weight data were measured by a digital scale "Fesco" brand weight, which was calibrated every day. The
measurement of abdominal circumference and upper arm circumference used one tool with the brand "Medline”.
All anthropometric measurements were carried out using measurement guidelines. For blood pressure
measurement, a digital “Omron” type IA1 was used, which was required to have its batteries replaced every time
one census block had finished. This measurement was performed using the tension measurement guidelines.

Data processing started from editing the questionnaire and coding at the locations of the study conducted by the
enumerators. After the questionnaires had been edited and coded correctly, the data were entered into a specified
application. After the data were entered, the data were sent via email to the data management team of the National
Institute of Health Research and Development for data integration and cleaning. Data cleaning paid attention to
inconsistent data and outliers. Inconsistent data and outliers were traced back to the questionnaire to check the
truth. The data that had been consistent and free from outliers were then given a weighting value by the Central
Bureau of Statistics.

Only data that are clean and weighted by CBS that can be used for analysis. Analysis can use data modification,
which is to composite several variables to answer the aim of the study. Variable composites are used for indicators
of economic status by 5 quintiles. Indicators are measured through an index that is calculated using Principal
Component Analysis (PCA), which is one statistical technique that unites several variables into a single indicator.
The PCA method is used to simplify many variables into one by making scores of these variables. The variable
scores are formed based on the strength of the correlation between variables.

The Central Bureau of Statistics chose the census block for Riskesdas 2013 based on the 2010 Population Census’s
frame sampling. The following 12,000 census block lists with 300,000 Census Building lists were completed with
the names of the heads of households. The names of the household heads were updated by the enumerators before
carrying out the survey. Renewal was intended to update the names of the heads of the households if there was a
change, for example whether a household head had moved, died and others.

2.3 Population and Sample

The total population in Riskesdas 2013 is all households representing 33 provinces. The sample of households in
Riskesdas 2013 was selected based on the 2010 Population Census listing. The household selection process is
determined by the Central Bureau of Statistics, which provides a list of selected census buildings originating from
the selected census block. Especially for this study, samples are all children under five in Banten Province from
Riskesdas data. The unit of analysis of this study is children under five.

2.4 Variable Measures

The topic of environmental health in the 2013 Riskesdas aimed to evaluate existing programs, follow up on
improvement efforts, and identify environmental risk factors for various types of diseases and health problems.
With the environmental health data obtained, it is expected to be used as a basis for policies in an effort to control
environmental based diseases.

Environmental health data include drinking water, sanitation (including latrine use and waste management), and
housing health. Housing health data include the type of building material, the location of the house and the
condition of the house space, the density of the house, the type of fuel for cooking, and the use or storage of
pesticides / insecticides and chemical fertilizers in the house. In addition, data on household behavior in draining
the bathtub is related to the risk of spreading vector-borne disease (dengue and malaria). Since the unit of analysis
is the household, data collection was done by interviews using a household questionnaire and direct observation in
the field.

Whereas the specific scope of water includes types of water sources for household and drinking purposes, average
water usage per person per day, distance of drinking water sources to feces storage, distance and travel time to
drinking water sources, household members who take drinking water, physical quality of drinking water, and
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management (processing and storage) of drinking water. For access to drinking water, the survey referring to the
2006 WHO - Unicef JMP criteria. According to these criteria, households having access to improved drinking
water sources are households with drinking water sources from tap water, bore wells / pumps, protected dug wells,
springs protected, rainwater and bottled water (ONLY IF the source of water for other household uses is
improved).

The scope of sanitation includes the use of defecation facilities, the type of place of defecation, the place of final
disposal of feces, the type of waste water collection place, the type of garbage collection place, and the method of
waste management. For access to defecation facilities, the 2006 WHO - Unicef JMP criteria were used. According
to these criteria, households that have access to improved sanitation facilities are households that use their own
open defecation facility, goose neck type for “jamban” or toilet, and landfill septic tank type for feces disposal.

Residential data collected are data on building ownership status, occupancy density, types of building material
(ceiling, wall, floor), location of house, condition of house space (cleanliness, presence of windows, ventilation,
and natural lighting), use of fuel for cooking, household behavior in draining the bathtub, and storing dangerous
and toxic materials such as pesticides or insecticides and chemical fertilizers in the house.

Types of fuel use in households according to the Decree of the Minister of Health of the Republic of Indonesia, the
types of fuel are grouped into two, which are “safe” meaning it does not have the potential to cause pollution
(electricity and gas / LPG) and “unsafe” meaning it has the potential to cause pollution (kerosene, charcoal and
firewood).

The dependent variable analyzed was underweight indicators (Index of Weight for Age). While the independent
variables analyzed were age and sex of children under five, education and work status of father and mother, family
socioeconomic status, the immunization status of children under five, presence of health facility, and
environmental health aspects such as access to clean water and handling of family waste.

To assess the nutritional status of children under five, the body weight and age (in month) of each child under five
was converted into a standardized value (Z-score) using the anthropometric standard WHO 2005. Furthermore,
based on the Z-score the following restrictions were determined:

Classification of nutritional status based on Weight for Age index:
Severe Underweight: Z-score <-3.0

Underweight: Z-score > -3.0 to Z-score <-2.0

Good Nutrition: Z-score > -2.0

Regarding literature, the independent variables having associations with underweight are sex of children under
five, age in month, education and work status of father and mother, family socioeconomic status, the immunization
status of children under five, presence of health facility, and environmental health aspects such as access to clean
water and handling of family waste.

Age variables were divided between two categories which were below 24 months and above 24 months. While
education level of parents was divided into two categories as well, below junior high school and above senior high
school. Thus, working status of parents was also categorized as working and not working. Meanwhile, children’s
immunization status was classified into completed and not completed. And, the presence of health facility was
characterized as present and none. Then, access to clean water was considered easy when it was inside the house or
affordable fast and difficult when it was outside the house or far away. While waste management was labelled as
poor when it was dumped into the river or littered garbage, and good as it was handling by officers or made to
composting.

2.5 Statistical Analysis

The data were coded and analyzed using SPSS version 15 package. This study adopted two ways of analyzing the
data. Initially, the proportion of underweight, socio-demographic characteristics, immunization, availability of
health care facilities, drinking water access and household waste management were evaluated. Missing data is not
estimated. These factors were assessed using Pearson's chi-square test in bivariate analysis. Any potential
confounders and explanatory variables that were significant at the 0.25 level based on the Wald test were retained
and entered into the multivariate logistic regression model in the second step. In this step, the Enter method is used.
Results from the regression analysis are presented as Exp(B) with 95% confidence intervals (CI) respectively.
Sample weights were used to adjust for differences in the probability of selection between students (Kleinbaum,
1988).
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3. Results

From the total samples of children in Banten Province out of 518 children under five, 6 children had to be
eliminated because of incomplete data characteristics of children (age and anthropometric data), so the total
samples were 512 children. Of these, 255 children were from Lebak District and 257 children were from
Tangerang City. Besides, at the time of analysis, the authors excluded children who were overweight, so the total
samples analyzed were 492 children under five, which includes normal weight.

As may be seen in Table 1 below there are 28.5% of children under five in Lebak Regency who are underweight,
while in Tangerang City all children under five have a good nutritional status.

Table 1. Distribution of underweight and the social demographic characteristics of children under five in Lebak
and Tangerang

No. Variable Children under five (N=492)
Underweight Normal Total
N % N % N %
1 Regency/city
Lebak 75 28.5 188 71.5 263 100.0
Tangerang 0 0.0 229 100.0 229 100.0
2 Sex of children
Boys 34 12.5 237 87.5 271 100.0
Girls 40 18.2 180 81.8 220 100.0
3 Age of children
0-11 months 19 21.6 69 78.4 88 100.0
12-23 months 12 12.5 84 87.5 96 100.0
24-35 months 16 17.4 76 82.6 92 100.0
36-47 months 13 12.9 88 87.1 101 100.0
48-59 months 15 13.0 100 87.0 115 100.0

From Table 1, the percentage of underweight in infants (aged below 12 months) is 21.6%. This condition causes
infants to become susceptible to infectious diseases and thus should obtain more attention. Based on the gender
characteristics of children under five, it may be seen that there are more females with less nutritional status than
males.

Table 2. The relationship between health services, environmental factors and socio-economic status with
underweight in children under five in Lebak and Tangerang

Children under five

No. Variable Underweight Normal P value
N % N %

1.  Completed immunization
Not completed / never 58 14.2 350 85.8 0.162
Completed 17 20.2 67 79.8

2. The existence of health facilities
None 0 0 2 100 0.548
Present 75 15.3 415 84.7

3. Easy access to water
Difficult 35 16.7 174 833 0.426
Easy 40 14.1 243 85.9
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4.  Garbage management

Poor (dumped in river, etc) 72 25.7 208 74.3 0.000
Good (handling by officers, made compost) 3 1.4 209 98.6

5. Father's education
Low ( =Junior high school) 60 19.9 241 80.1 0.000
High ( =Senior high school) 15 7.9 176 92.1

6.  Mother's education
Low ( =Junior high school) 60 18.8 259 81.2 0.003
High ( =Senior high school) 15 8.7 158 91.3

7. Father's job
Not worked 5 29.5 12 706 0.198
Work 64 17.2 308 82.8

8. Mother's job
Not worked 10 10.4 86 89.6 0.094
Work 61 17.5 288 82.5

9. Economic status
Poor (Q1-Q2) 43 38.7 68 61.3 0.000
Rich (Q3-Q5) 31 8.2 349 91.8

From Table 2 it is known that children under five who had immunization would have a good nutritional status,
compared with those who did not obtain immunization. Families who had access to clean water would have a good

nutritional status than those who did not.

Table 2 shows parents who had a low education level had a statistically significant relationship with underweight
in children under five. Likewise, in the group of father who did not work, then the proportion of underweight
children would be higher compared to working father group. Household in quintile 1-3 which sometimes may be
assumed as poor household, has related to higher proportion of underweight children.

Table 3. Multivariable determinant factors associated with underweight in children under five

95% C.ILfor EXP(B)

B S.E. Wald df Sig. Exp(B)

Lower Upper
Completed immunization =265 389 464 1 .496 .767 358 1.645
0. Not completed/ never
1. Completed
Garbage management 2.726 .602 20.517 1 .000 15.267 4.694 49.656
0. Bad
1. Good
Father's education 876 549 2.548 1 .110 2.401 .819 7.037
0. Low
1. High
Mother's education -717 581 1.525 1 217 .488 156 1.524
0. Low
1. High
Father's job 1.019 .707 2.078 1 .149 2771 .693 11.076
0. Jobless
1. Hadajob
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Mother's job .089 446 .040 1 842 1.093 456 2.618
0. Jobless
1. Hadajob
Economic level 912 407 5.024 1 .025 2.491 1.121 5.531

0. QI1-3 (poor)
1.  Q4-5(Rich)
Constant -447 812 .303 1 .582 .639

From Table 3, there is a significant relationship between environmental health and socioeconomic status with the
nutritional status of children.

Table 3 shows children who live in households that are good in handling household waste are up to 15 times more
likely to have a normal weight compared to children who live in households with poor waste management
(OR=15.267; 95%CI= 4.69-49.66). Likewise, under-fives from families with middle to upper socioeconomic
levels have a 2.49 times chance of not being underweight compared to children with low socioeconomic status
(OR=2.49; 95%CI=1.12-5.53).

4. Discussion

Those analyses show there is a relationship between environmental factors and the nutritional status of children, in
this case, the behavior of disposing garbage with underweight in children under five. Unsanitary behavior such as
disposing garbage into the river will increase the risk factors of vector-borne diseases such as diarrhea, cholera, or
typhoid. Theoretically, this can be explained that re-current episodes of diarrhea and the likelihood of tropical or
environmental enteropathy (where fecal contamination causes changes in the intestine that affect permeability and
absorption) may inhibit the absorption of nutrients resulting in malnutrition. Improving water, sanitation, and
hygiene, as well as housing and access to health services, will promote a healthy environment, will reduce the
prevalence of infectious diseases and may affect the decreasing prevalence of malnutrition (UNICEF, 2015). The
same results of the relationship between environmental factors and nutritional status of children under five were
also found in the study of Manzomi et al and Kwami et al in 2019. Manzomi in Cambodia found that the composite
of several factors of water, sanitation and hygiene (WASH) had a relationship with the prevalence of wasting and
stunting. Types of water source and types of toilet are examples of environmental factors associated with the
prevalence of malnutrition. While Kwami in Ethiopia examined the relationship between WASH and stunting, they
found environmental factors, such as the behavior of the caregiver's handwashing and drinking water facilities had
a close relationship with stunting (Manzoni et al., 2019; Kwani et al., 2019).

Underweight cases in children under five in Banten Province are quite similar to the study in Indonesia which was
undertaken by Setyawati et al (2015). They reported a quite similar analysis result where garbage management has
related to underweight. Setyawati has catagorized garbage management as good if garbage is collected and carried
by officers or buried in the ground to be made into compost, as well as the analysis in Banten (Setyawati et al.,
2015). One thing that should be noted is that Setyawati et. al. analyzed the 2013 Riskesdas data throughout
Indonesia with the multi-level analysis method, while the analysis in this article only discusses Banten Province
with logistic regression analysis method.

In addition to the environment, the results of this study also show the relationship between socioeconomic factors
and underweight status in children under five. The lower the socioeconomic status is, the worse the children’s
nutritional status will be. This is closely related to the ability and purchasing power of the family. This is in line
with the results reported by Santi et al (2012) in South Bengkulu that the higher the family income level is, the
better the children’s nutritional status will be (Santi et al., 2012). Several studies in other parts of Indonesia and
abroad showed similar results of the relationship between poverty and malnutrition (Saputra et al., 2012; Suarni et
al., 2016; Indarti, 2016; Chirwa et al., 2008; Busse et al., 2018; Abera et al., 2019). For example, studies in Malawi
and Ethiopia report something similar to our results that children who come from economically capable
households, in this case those having jobs or earning a living, tend to be more nutritious (Chirwa et al., 2008; Busse
etal., 2018).

The relationship between economic status and nutritional status of children under five was also found in a study
conducted by Titaley et al. In their publications, they describe the close relationship between the household wealth
index and stunting. The wealth index is a composite of several variables of ownership or assets in the household,
which is generally used to assess food security (Titaley, 2019).
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Titaley et al also found a relationship between newborn weight and the nutritional status of children under five.
The risk of stunting increases if children experienced low birth weight (LBW) at birth (<2500 grams). These
findings are in line with several other studies in Indonesia (Rahayu et al., 2015; Dewi & Widari, 2018). Meanwhile,
a study in Central Sulawesi reported that there was a significant relationship between LBW and the management of
burned waste. Babies born in households that have a habit of burning garbage are born with LBW (<2500 grams)
(Hidayangsih et al., 2014). This finding is also supported by a study in Ghana-Africa which indicated that babies
born to mothers who reported burning waste in their homes during pregnancy had an increased risk of low birth
weight (Amegah et al., 2012). This can be explained because garbage burning relates to dioxins, carbon monoxide
(CO) and some particulates (PM) into the air. If humans inhale these harmful substances it would impair fetal
growth. CO blends with hemoglobin to penetrate the placenta and reducing oxygen supply which limits the ability
of the placenta to transfer nutrients to the fetus. PM decreases the lung function of the baby's mother and
consequently reduces oxygen delivery to the fetus and causes cell damage. Fetal growth disorders may lead to an
increased risk of LBW (Washam, 2018; Mishra, 2004; Smith et al., 2003). This finding requires further research to
explain the relationship between waste management, the risk of LBW and then the nutritional status of children
under five at the end.

5. Conclusion

Sanitation associated with waste management has a significant relationship with the prevalence of malnutrition in
children under five. Unhealthy waste disposal, in this case incinerated, has the risk of causing malnutrition. In
addition, the results of this study also found that socioeconomic status was associated with under-nutrition status in
children under five. Poor families are at higher risk of experiencing poor nutritional status.

Parents must maintain a healthy home environment by managing their domestic waste disposal properly.
Education on the importance of maintaining environmental sanitation and hygiene remains necessary.

The low socioeconomic level of the family may lead to reduce nutritional intake which in turn affects the
nutritional status of children under five. Multi-sector collaboration and interdisciplinary interventions between
nutrition and health, environment and economic sectors are recommended to address the problem of under-five
nutrition in poor families.
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