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ABSTRACT

Stunting is a multi-cause growth failure affecting the growth and development of
children. The Government of Indonesia is implementing a National Strategy to
Accelerate Stunting Prevention in order to ensure that it targets all individuals
including those in the critical period of "the first 1000 days of life" —those with
pregnant women or children under the age of two —can access the full package
program of services essential to stunting prevention. Indonesia has successfully
reduced stunting prevalence, by about 6.4% during 5 years between 2013 and
2018. The present study focused on analyzing the pathway of possible factors
affecting stunting, among children under five based on national data from the 2013
and 2018 Indonesia Basic Health Surveys (IBHS). The partial least squares
structural equation modeling (PLS-SEM) was used to identify the different
pathways affecting stunting in the two data sets. This study found the different
pathway within the data from the 2013 and 2018 IBHS. Stunting was significantly
affected by birth size (T value=9.78) (low weight and length birth), as well as, the
disease factors (T=2.48) in 2013, but only birth size (T=8.75) in 2018. In 2013,
socio-economic factors affected stunting indirectly (T=1.497) through maternal
factors (T=13.86) that influence disease (T=5.235) via exclusive breastfeeding
(T=3.531). This study found that, Low Birth Weight (LBW) babies were two to three
times more likely to be stunted children. Click or tap here to enter text. Overall, the
stunting prevalence across regions in Indonesia demonstrated a decreasing trend
from 2013 (38.4%) and reached lower in 2018 (33.9%). The 2013 IBHS showed an
indirect effect of socioeconomic factors on stunting through the pathways of
maternal factors, breastfeeding practices, and disease. This indirect effect was not
found in the 2018 IBHS. There were different pathways of factors affecting stunting
between the two datasets of the 2013 and 2018 basic health survey, but the
consistent factor is the birth size (birth weight and length). Birth size is the most
important determinant of stunting in Indonesia and must be prioritized and
addressed immediately.
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INTRODUCTION

Undernutrition is responsible for over half of fatalities in children under five years
old. It also increases the incidence and severity of common diseases in children,
and slows down their recovery [1]. Stunting is a condition caused by persistent
undernutrition, which often occurs in children. Stunted children experience reduced
growth and development due to inadequate psychological stimulation, recurrent
infections, and poor nutrition. If a child’s height-for-age is more than two standard
deviations below the median of the WHO Child Growth Standards, they are
considered stunted [2]. World Health Assembly targeted a 40% reduction in the
number of children under 5 who are stunted globally until 2025[3].

The relevance of stunting as a significant public health issue has gained more
attention on a global scale. In Indonesia, stunting continues to be a national
priority. The Indonesian government is implementing a National Strategy to
Accelerate Stunting Prevention in order to guarantee that all individual targets in
the crucial period of "the first 1000 days of life"—those with pregnant women or
children under the age of two—have access to the full package of services
essential to stunting prevention. This initiative is inspired by the success story of
Peru in reducing stunting in a short period of time [4].

Indonesia successfully reduced stunting prevalence by approximately 6.4%
between 2013 and 2018 [5]. This achievement was reflected in the Indonesia Basic
Health Surveys (IBHS). The last two waves of the Indonesia Basic Health Survey
(2013 and 2018) found that the stunting rate declined from 37.2% (2013) to 29.9%
(2018) among those under 2 years old and 30.8% among those under 5 years old
[6, 7]. Meanwhile, data from the Indonesia Nutritional Status Survey show a further
decrease to 27.7% in 2019 and 24.4% in 2021 [8].

There are some studies about the analysis of stunting determinants using the
Indonesia Basic Health Surveys by the Ministry of Health [9, 10], or data from
monitoring of nutritional status [10]. Most of these studies used the old data from
IBHS 2007 and 2013, and data were analyzed using linear regression. In linear
regression, all independent variables are assumed to be at the same level, or
positioned relative to the dependent variable. In my opinion, this approach is not
proper when it is applied to find all possible factors affecting stunting occurrence,
because stunting is multi-causal. Some causal factors do not simultaneously affect
stunting cases. Based on the UNICEF conceptual framework, factors affecting
stunting consist of direct or immediate causes, underlying causes, and basic
causes [11]; because of the nature of the stunting factors, choose Structural
Equation Modeling (SEM) analysis and/or Path analysis.

This study is based on UNICEF's conceptual framework on the theoretical
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determinants of stunting (malnutrition) which investigates direct and indirect
pathways of effect and those determinants. Path analysis will show the pathway of
determinants associated with the occurrence of stunting or the HAZ value. Based
on national data from the 2013 and 2018 Indonesia's Basic Health Survey (BHS),
this study's goal was to analyze the potential pathways of factors causing stunting
in children under five years old.

METHODS

Data Source

This study used data from the 2013 and 2018 IBHS, a survey conducted by the
National Institute of Health Research and Development (NIHRD), Ministry of
Health, Republic of Indonesia. The 2013 IBHS involved households from 33
provinces, and 497 districts/cities in Indonesia. There were 11,986 census blocks
visited out of 12,000 census blocks targeted (99.9%); 294,959 households visited,
and 1,027,763 household members interviewed with a response rate of 93.0%.
Two types of structured questionnaires were used, namely individual and
household questionnaires [12]. The IBHS 2018 covered 30,000 census blocks,
295,720 households visited, and 1,091,528 household members interviewed, with
a response rate of 93.2% [13]. Another data source was extracted from the 2018 -
2019 Specific Index for Stunting Intervention published by Statistic Indonesia [14].
The data were used to assess the significance of the government intervention
program’s contribution to reducing stunting prevalence.

Study Sample

The sample population of this study was the younger children in the household,
with the consideration of obtaining the maternal-child pair data. The minimal
sample size was calculated using the sample size calculation by Lwanga &
Lemeshow[ 43] , which is 8215 (0=0.05; d=0.01).
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Figure 1: Step of sample selection

Figure 1 shows 47,074 data of mother and child in 2013 were available from a total
sample of 82,661 and 42,931 data with complete height-for-age Z score (HAZ),
including data of the youngest kid for 40,227 mother-child pairings. This study used
data with complete variables to model up to 10,209. In 2018, 73.691 data of mother
and child were available from a total sample of 93.620 and 59.731. Data had
complete HAZ data including data of the youngest child for 47,781 mother-child
pairings’ use data with complete variables to model up to 9.315.

Outcome Variable

The primary outcome of this analysis is the anthropometric parameter height-for-
age Z score (HAZ) or stunting. Height or stature was assessed for children aged
24-59 months; meanwhile, recumbent length was assessed for children aged <2
years. This study classified a child as being stunted if their HAZ was less than 2.

Independent Variable

Independent variables measured in this study included child characteristics,
maternal characteristics, socio-economic factors, child food intake, disease,
antenatal care, caring practice, sanitation, and personal hygiene. Anthropometric
measurement was also done on the mothers, including height and mid-upper arm
circumference (MUAC) measurements. Measurement in this study is using a
MUAC measuring tape with a range of up to 56 cm [15] to the nearest 0.1 cm.
MUAC measurement was done in one least active arm, the respondent should not
hold anything with relaxed arm muscles. Measurer will ask the respondent to fold
his arms at an angle of 90 degrees, then determine the midpoint between the
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respondent’s shoulder base (acromion) and the elbow (olecranon). The arm was
straight down, and the MUAC tape was wrapped around it halfway. Results of
MUAC measurement were then categorized into chronic-energy deficiency (CED)
mother (MUAC <23,5 cm), and non-CED mother (MUAC >23,5 cm)[16].

Children's dietary diversity was obtained from 24 hours of food-group recall;
including 9 food groups 1) grains, white roots and tubers, and plantains; 2) nuts
and seeds; 3) milk and milk products; 4) meat, poultry, and fish; 5) eggs; 6) vitamin
A-rich vegetables; 7) vitamin A-rich fruits; 8) other vegetables; 9) other fruits then
categorize into intake <4 food groups and =4 food groups.

Statistical Analysis

At the initial stage, we performed a descriptive analysis to determine the frequency
distributions of all variables used in the analysis. The pathway of some factors
affecting stunting occurrence was modeled using the theoretical framework from
The UNICEF Stunting Data in 2013. Path analysis using partial least squares
structural equation modelling (SmartPLS), was used to explain the pathway of
stunting. A significant value is shown by a T value > 1.96.

RESULTS AND DISCUSSION

Child and Parent's Characteristic

Descriptive analysis was conducted to obtain data on child characteristics,
maternal and paternal characteristics including gender, age, as well as socio-
economic status such as education level and working status. Data was obtained
from the 2013 and 2018 IBHS. The next analysis described the comparison of the
frequency distribution of total children. Descriptive analysis, child data, and
maternal data are presented in Table 1. In 2013, there were more boys than girls
participating, but in 2018, boys were the majority. In 2018, the age of participants
was dominated by children above 2 years old, while in 2013, it was dominated by
children under 2 years old.

The education level of mothers varied throughout the survey waves. In 2013, the
majority attained senior high school education. In 2018, the highest level was
incomplete primary school. Meanwhile, the paternal education level also varied. In
2013, the highest percentage graduated from senior high school, while in 2018, the
highest percentage graduated from junior high school. According to most children,
their fathers do not work.

Anthropometric Data

Table 2, shows the anthropometric data of children, including HAZ (Height-for-Age
Z-score), birth weight, length of birth, maternal height, and mid-upper arm
circumference. The HAZ value decreased from about 1.30 in 2013 to -1.37 in 2018.
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The mean HAZ in 2018 was the lowest. However, the mean HAZ in both waves of
IBHS was in the normal category.

The mean birth weight was recorded as the lowest in 2018, and the highest was in
2013. The mean birth weight of more than 2,500 grams was categorized as the
normal weight of newborns, whereas birth weight below 2,500 grams was
categorized as low birth weight. The mean birth length in 2018 was slightly lower
than in 2013. However, the length is more than 48 cm, which reflects the normal
length of newborn babies. A baby with a birth length less than 48 cm, was
categorized as neonatal stunting. The gestational age recorded in 2018 is lower than
in 2013 but, in general, exceeded 37 weeks, which included pre-term deliveries.

Percentage of stunting among under five years’ children and other pregnancy
outcomes, such as low birth weight (birth weight < 2,500 grams), neonatal stunting
(birth length < 48 cm), and preterm (babies born < 37 weeks), is shown in Table 2.
This table also shows the percentage of mothers with short stature (height < 145 cm)
and mothers who suffer from chronic energy deficiency (MUAC < 23.5 cm).

Overall, the stunting prevalence across regions in Indonesia demonstrates a
decreasing trend from 2013 (38.4%) and reached lower in 2018 (33.9%). The IBHS
consistently reported region 7, which covers Bali, West Nusa Tenggara, and East
Nusa Tenggara provinces, has the highest stunting prevalence among other regions.
On the other hand, region 2, which covers all provinces in Java Island was recorded
with the lowest stunting prevalence in the three waves of IBHS. Moreover, the
stunting prevalence in this region (West Nusa Tenggara and East Nusa Tenggara),
recorded in the three waves of survey periods was always higher than the national
stunting prevalence (2007>36.8; 2010>35.6%; 2013 >37.2%). The different
prevalence of data performed in study is due to sample selection in this study. This
study required a subsequent sample selection to obtain a maternal-child paired
dataset for further statistical analysis and to find stunting pathways involving mother
and child data.

Pathway to Stunting

Path Analysis using the software SmartPLS® was conducted to determine the
pathways of all possible factors affecting stunting. Path analysis was done on the
2013 and 2018 datasets separately to find out whether the determinant factors were
different between the 2013 and 2018 datasets. Using the model construction, we
have a pathway model of stunting based on the 2013 IBHS dataset and the 2018
IBHS dataset. Path analysis using partial least squares structural equation modeling
was used to explain the pathway of stunting. A significant value is indicated by a T
value > 1.96. Figure 2, illustrates the results of path analysis conducted on the 2013
and 2018 datasets.
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The path analysis result (Figure 2a) shows that the pathway of some factors
affecting child stunting is different between the 2013 and 2018 IBHS data. In 2013,
stunting was strongly affected by birth size (T=9.78), as well as the disease factors
(T=2.48). Moreover, the characteristic of birth size was strongly dominated by
neonatal stunting and low birth weight, with the T values of 23.538 and 16.678. The
disease factors were dominantly characterized by diarrhea and acute respiratory
infection (ARI), with T values of 15.300 and 5.518. Based on the T value, it
indicates that neonatal stunting is the stronger direct factor affecting child stunting,
relatively compared to other indicators. Furthermore, exclusive breast-feeding did
not influence stunting directly (T=0,521 or < 1.96) but indirectly through the
disease’s factors (T=5.235) that were affected by maternal factors (T=3.531)
influenced by socioeconomic factors (T=13.885). Socio-economic factors, as
explained by education, occupation status, and household economic level, affect
hygiene sanitation (T=23.762) but did not significantly affect the diseases.
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Figure 2: Pathway to stunting of selected factors based on a theoretical
framework from the 2013 IBHS dataset (a) and the 2018 IBHS

dataset (b)

LBW, low birth weight; LBL, low birth length; EBF, exclusive breastfeeding; EIBF, early initiation of
breastfeeding; ANC, antenatal care; IS, iron supplementation; MS, mother stature; A, age of mother;
P, parity; ARI, acute respiratory infection; DR, diarrhea; WD, waste disposal; HW, hand washing;
HHW, head of household’s work; ME, mother’s education; HE, head of household’s education; EC,
economic level

The 2013 and 2018 IBHS showed that birth size had a significant direct effect on
stunting (T=9.782 and T=8.754), but in the 2018 IBHS, the disease (T=1.570) did
not have the same effect as in the 2013 IBHS (T=2.480). The consistent pathway
between the two datasets of 2013 and 2018 IBHS is the direct effect of birth size
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on stunting. In addition, the two datasets showed a significant effect of
socioeconomic factors on hygiene and sanitation practices (T=2.114 and T=2.067)
through access to health services (T=8.786 and T=4.864) and maternal factors
(T=13.885 and T=18.824).). Although the indirect pathway is not proven to
significantly affect stunting, it shows the same pathway pattern. This can be taken
into consideration that, there are problems in the pathway that are
repeated/unresolved in the data collection period (2013 to 2018). However,
maternal factors did not affect birth size directly (T=0.283 and T=1.776).

The most striking findings from the present stunting pathway analysis were the
consistent effect of birth size on stunting in both the 2013 and 2018 IBHS; and the
indirect socioeconomic effect on stunting through maternal factors via exclusive
breastfeeding, which has an impact on infectious diseases that finally has a
significant effect on stunting in 2013 but not in 2018. Birth size showed the most
significant factors that affect stunting directly, but were not affected by diseases
and breastfeeding practices factor in both 2013 and 2018. These findings indicated
that birth size, characterized by birth weight and length, was the main factor
determining the occurrence of stunting in the children. More so than birth weight,
birth length had a stronger impact on it. Birth length is the strongest indicator of
linear growth status and stunting in the first two years of life, adhering to a
preconception maternal nutrition intervention [17]. It has been proved that birth
length significantly influenced the linear growth of children [18] and should be the
main birth outcome indicator of prenatal environment, and a predictor of infant
growth and survival [19].

A shorter birth length characterizes neonatal stunting [20] as a form of long-term
malnutrition primarily caused by prenatal malnutrition [21]. As long as it persists, it
can damage children's physical and mental development throughout the first 1000
days of life [22]. The severe physical and cognitive impairment syndrome of
neonatal stunting has recurrent sequelae and irreversible effects since conception
[12,13].

The direct effect of Low Birth Weight (LBW) on stunting, as in the present study, is
consistent with the results of studies used in the 2010 IBHS dataset [14], 2013
IBHS dataset [9], and 2007-2014 IFLS dataset [23]. This study found that LBW
babies were two to three times more likely to be stunted children [9, 21, 23] and the
risk increases when LBW babies get diarrhea [24]. Various studies have proved
that these two indicators (LBW and PBLR) are strong predictors of stunting [17, 25,
26, 27, 28].

It was reminiscent of the “Barker Hypothesis” or “fetal programming hypothesis,”
which proposed that, the environment of the fetus and infant — determined by the
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mother’s nutrition and the baby’s exposure to infection after birth — determines the
pathologies of later life [29]. Malnutrition and unsanitary living conditions are
exacerbated during pregnancy. Babies of chronically malnourished and short-
stature mothers were more likely to be born stunted [21]. This indicates that early
nutrition intervention is more promising to overcome nutritional problems, including,
optimizing nutrition and health during adolescence, preconception, pregnancy, and
early life of children [30, 31].

Nevertheless, it was proved that maternal factors (mother stature, age, and parity)
did not affect birth size in 2013 and 2018. This research found the indirect effect
pathway to stunting over the breastfeeding practice through the effect of the
disease that was shown only in 2013 IBHS [Figure 2]. The maternal factor in 2013
and 2018 is the same indicator explained (parity) but different indicators,
specifically the short stature of the mother in 2013 and maternal age in 2018. The
maternal factor is a consistent indicator, but the short stature of the mother may
play a role in the effect given to breastfeeding practice in 2013. Parity influences
the hazard of worse breastfeeding practices of primiparous mothers, such as,
shorter breastfeeding duration, early breastfeeding problems, breastfeeding-
associated pain during the first week, and stopping breastfeeding [32].
Breastfeeding practice reflected by early initiation of breastfeeding (EIBF) and
exclusive breastfeeding (EBF) has an important role in building the immune system
of children. Breastfeeding plays an important role in infant immune development,
intestinal tissue repair, and protection against infectious diseases [33]. Infectious
diseases have a significant effect on stunting in children under five years of age
[34, 35]. Infectious diseases, namely diarrhea and respiratory tract infections are
predictors of stunting in children [36]. Lactoferrin and immunoglobin A in breast
milk, can boost the immune system of children under the age of five who are
suffering from acute respiratory infections (ARI) [37]. Good breastfeeding practices
could reduce the risk of infectious diseases like ARI and diarrhea. To improve
breastfeeding outcomes, prenatal and postnatal breastfeeding support should be
targeted differently for primiparous women. Regarding the short stature of the
mothers, the differentiating indicators of the maternal factors in 2013 and 2018 that
influence breastfeeding practice have yet to be explained. Further research is
needed to investigate the potential of the endocrine system or maternal lack of
ability to receive information due to stunting.

In India, there is evidence that LBW infants born to short women are more likely to
be stunted and have slower postnatal growth velocity, resulting in lower reached
length for age Z scores in infancy [38]. Another evidence from Bogor, Indonesia,
showed that birth weight, birth length, and maternal short stature were the
dominant risk factors of stunting among children aged 0-23 months [26]. However,
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in this present study, maternal factors did not show a significant effect on stunting,
either explained by maternal age and parity in the 2013 IBHS or explained by
maternal short stature and parity in the 2018 IBHS.

This study proved that socioeconomic significantly affected maternal factors in both
2013 and 2018 IBHS. Socioeconomics is explained by the mother’s education,
head of the family’s education, and household economic level in the 2013 IBHS.
While in the 2018 IBHS, the head of family’s occupation was another indicator
explained together with the same other indicators in 2013. The same
socioeconomic indicators were the mother’s and head of the family’s education and
the household economic level that affected maternal factors, hygiene, and
sanitation in both periods. It has been proved that a mother’s education influences
nutritional problems in children related to parenting, sanitation, and clean water
sources [25, 39, 40]. However, the indicators explained hygiene and sanitation in
this present study were time of hand washing practice and waste disposal practice.
Solid waste disposal in unapproved areas was heavily influenced by
socioeconomic factors other than household income or welfare [41]. Regarding the
indirect effect of maternal education as one of the maternal factor's indicators,
another 2013 IBHS study found a significant effect of maternal education level on
stunting [9]. A cross-country study found that children of low-education mothers are
three times more likely to be stunted than children of higher-education mothers
[42]. Nevertheless, socioeconomic did not have an effect on stunting in the 2018
IBHS, but it significantly affected stunting indirectly through maternal factors by
exclusive breastfeeding by means of the effect on the disease in 2013. This
difference could be attributed to improvements in various elements, which have no
substantial effect on stunting in 2018 as they did in 2013. In addition, there is the
dominance of the adverse effect of birth size on stunting and an increase in the
percentage of infants born with lower body weight and length in 2018.

CONCLUSION, AND RECOMMENDATIONS FOR DEVELOPMENT

Between the two datasets of the 2013 and 2018 basic health survey, there are
different pathways of factors affecting stunting, particularly diseases and the
practice of breast feeding, but the consistent component is birth size, which
includes birth weight and length. Urgent action is required to implement targeted
interventions to improve birth size outcomes. The indirect effect of socioeconomic
consists of the mother’s education, the head of household’s education, and
economic level through maternal factor (mother stature and parity) via exclusive
breastfeeding, by means of the effect on the disease only shown in 2013. Birth size
is the most important determinant of stunting in Indonesia, and it must be
prioritized and addressed immediately. Therefore, it is strongly recommended that
early intervention, especially during the pre-conception and pregnancy period,
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needs to be a serious concern in handling stunting in Indonesia. Apart from being a
recurring problem for 5 years, it has a contribution that must be considered to
prevent the emergence of new stunting.
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Table 1: The distribution of child and parent's characteristic

Characteristics 2013 2018
Child characteristics

Gender

Male 23,884 (50.7%) 28,957 (48.5%)
Female 23,190 (49.3%) 30,774 (51.5%)
Age

<2 years 27,892 (59.3%) 25,093 (42%)
> 2 years 19,182 (40.7%) 34,638 (58%)
Maternal characteristics

Age

<20 years 1,292 (2.7%) 2,267 (4%)
20-35 years 35,195 (74.8%) 40,328 (70.9%)
35-50 years 10,531 (22.4%) 14,166 (24.9%)
>50 years 57 (0.1%) 129 (0,2%)
Education Level

Not completed elementary school 5,347 (11.4%) 18,448 (32.4%)
Graduated elementary school 12,687 (27.0%) 13,315 (23.4%)
Graduated junior high school 10,744 (22.8%) 17,775 (31.2%)
Graduated senior high school 13,585 (28.9%) 2,837 (5%)
Graduated from collage 4,711 (10.0%) 4,515 (7,9%)
Working Status

Does not work 29,311 (62.3%) 31,492 (55.4%)
Work 17,763 (37.7%) 25,398 (44.6%)
Paternal Characteristics

Education Level

Not completed in primary school 4,901 (11.0%) 18,190 (34.1%)
Graduated elementary school 11,527 (25.9%) 11,342 (21.2%)
Graduated junior high school 9,235 (20.8%) 18,077 (33.9%)
Graduated senior high school 14,577 (32.8%) 1,761 (3.3%)
Graduated from collage 4,184 (9.4%) 4,012 (7.5%)

Working Status

Does not work

Work
Socioeconomic level
Quintile 1

Quintile 2

Quintile 3

Quintile 4

Quintile 5

1,462 (3.3%)
42,962 (96.7%)

9,486 (20.2%)
8,706 (18.5%)
9,111 (19.4%)
9,933 (21.1%)
9,838 (20.9%)

1,071 (2%)
52,311 (98%)

16,254 (27.2%)
13, 481 (22.6%)
11, 620 (19.5%)
10,154 (17%)
8,222 (13.8%)
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Table 2: Percentage of child stunting and other potential problems related to
stunting based on the 2013 and 2018 basic health survey

Variables 2013 2018

Child data

% stunting 38.6 (n=42,999) 33.9 (n=59,731)
% low birth weight 5.7 (n=26,048) 6.5 (n=30,983)
% Neonatal stunting 20.4 (n=21,481) 23.1 (n=25,035)
% Preterm 36.2 (n=47,074) 33.4 (n=59,731)

Maternal Data
% short stature
% CED

9.0 (n=46,951)
20.4 (n=46,301)

9.9 (n=56,832)
1(n=56,267)

Note: Short stature = height <145 cm; CED=Chronic energy deficiency (MUAC<23.5 cm)
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