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Introduction: Length for Age Z (LAZ) score determinants are complex and vary
among different areas, but it is important for designing effective and efficient
strategies to decrease stunting prevalence among children under 2 years. This
study aimed to investigate the determinants of LAZ scores among children under
2 years in Central Java, Indonesia.

Methods: This study was conducted on the 2021 Indonesian Nutritional Status
Study (INSS) dataset, which was a cross-sectional survey. Data on 3,430 children
aged 6-23 months from Central Java province were derived from the 2021
INSS data. After missing data elimination, 3,238 subjects were included in the
analysis. Determinant factors included direct and indirect factors. Direct factors
were the mother’s age, birth weight Z score (BWZ), birth length Z score (BLZ),
exclusively breastfed history, dietary diversity scores (DDS), empty calorie drink
consumption, unhealthy snacks consumption, and infections. Indirect factors
were early initiation of breastfeeding (EIBF) and posyandu (integrated health post)
utilization. Underlying factors were socioeconomic status (SES) and the mother’s
education. Bivariate analyses and multiple linear regressions were conducted.
A path analysis with a hypothesized model based on the UNICEF conceptual
framework was also performed.

Results: Stunting, wasting and underweight proportions among the subjects were
19.1%, 7.6% and 12.3%, respectively. The mean LAZ scores were —0.95 £ 1.22; the
mother’s age was 29.7 + 5.95 years; BWZ was —0.47 + 0.97; BLZ was —0.55 + 1.05;
and DDS was 4.45 + 1.51. The infection proportion among the subjects was 28%.
BWZ and BLZ were positively correlated to LAZ scores, withr =0.267 (p < 0.01) and
r =0.260 (p < 0.01), respectively. The mother’s age was negatively correlated to
LAZ scores withr=—0.041 (p < 0.05). Maternal education was positively correlated
to SES but had no direct effect on LAZ scores. LAZ score determinants of BLZ (p <
0.001) and SES (p < 0.001) showed positive direct associations with LAZ scores, but
the mother’s age (p = 0.039), exclusively breastfed history (p < 0.001), and empty
calorie drinks consumption (p < 0.001) had negative associations with LAZ scores.
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Conclusion: To prevent stunting among children aged 6-23 months in Central
Java, Indonesia, intervention programs to increase the nutritional status of women
at child-bearing age and nutrition education on child feeding practices should be
conducted more efficiently and effectively.
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length for age Z-scores, stunting, under two children, path analysis, Central Java,

Indonesia

1. Introduction

Stunting prevalence among children under 5 years in Indonesia
is still high, reaching 24.4%, while the prevalence in Central Java
is 20.9% (1). Although the prevalence of stunting in Central Java
has decreased compared to the prevalence in 2019, it still has
to be reduced further because Central Java’s dense population of
approximately 35 million in 2020 resulted in a big absolute number
of stunted children. Central Java is the third populated province
on Java Island, which is the most populous island in Indonesia,
with 152.4 million inhabitants. Thus, measures should be taken to
decrease the prevalence of stunting in this province.

Stunting development can be started in the first 1,000 days of
life, from conception until 2 years old. Thus, the problems that
occurred during pregnancy, the exclusive breastfeeding period, and
the complementary feeding would affect the linear growth (2). The
LAZ scores then slow down at 2 to 3 years old with no catch-up
period (3). Stunted children are unlikely to catch up to their peers.
Thus, possible interventions may only be effective in the first 2 years
of life (4). Since 2006, the World Bank recommends focusing on
providing nutrition support during the window of the opportunity
period, which begins at conception and ends at 2 years of age (5).
This period is a critical time when children undergo rapid physical
and brain growth and development, so nutrition adequacy is very
important (6). Stunting reduction should be more focused on this
group through various specific and sensitive interventions so the
young population in the future will not be a burden but will be more
productive (7-9).

Risk factors of stunting could be different in each area, based
on their characteristics. As stunting is the result of linear growth
problems, determinants of LAZ scores among children in Central
Java should be assessed to have the correct measures in stunting
prevention and handling. Determinants of LAZ scores include
direct, indirect, and underlying factors. Direct factors consist of
nutrition intake, infection, and maternal factors. Indirect factors
cover food accessibility, childcare, and environmental health.
Underlying factors are social economic status, cultural, and political
conditions (10). A previous study showed how diverse the factors
were which influenced stunting in each province, regency, and even
subdistrict (11). Therefore, the analysis of determinants should use
a multilevel method such as path analysis. With path analysis, the
pathway of factors and the partial and total effects can be measured.

In this study, the magnitude of direct, indirect, and underlying
factors available from the 2021 INSS data in determining LAZ
scores was calculated through a path analysis model. Path analysis
evaluates associations between a dependent variable and two
or more independent variables. With the known magnitude,
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preventive measures can be taken more specifically and properly
based on local problems. Therefore, this study aimed to investigate
the determinants of LAZ scores among children under 2 years in
Central Java, Indonesia.

Since 2019, the Indonesian Ministry of Health has started an
annual Indonesian Nutritional Status Study (INSS or SSGI), which
was conducted in all provinces in Indonesia. This study used the
2021 INSS data, especially data on children aged 6-23 months in
Central Java. Data on infants aged 0-6 months old was not used
because the analysis include dietary diversity score data, which
is only available for infants who were not exclusively breastfed.
Therefore, we excluded the infants aged <6 months to prevent
selection bias.

2. Materials and methods

This study was conducted on the 2021 Indonesian Nutritional
Status Study (INSS 2021)/SSGBI 2021 data collected annually since
2019 (1). Data were collected in January-December 2021 using two
different questionnaires, i.e., household and individual levels. Data
collection was done in a cross-sectional survey, using stratified two-
stage sampling, with the population of households that had children
under 5 years. The samples were children under 5 years in 1,53,228
households from 14,889 census blocks of the 2021 Indonesian
National Socio-economic Survey (SUSENAS) in 34 provinces and
514 regencies/cities.

In this study, only data on children aged <2 years from Central
Java province were used (n = 4,282). Then we chose children aged
6-23 months (1 = 3,430), and after missing data deletion (n = 192),
the complete analysis was performed on 3,238 children (Figure 1).

The dependent variable was the LAZ scores which were
counted based on the WHO anthropometric calculator on a
continuous scale. All extreme values of LAZ > 6.0 and LAZ < —6.0
were excluded. The independent variables were direct, indirect, and
underlying determinants of LAZ scores available from the 2021
INSS data. The direct determinants of LAZ scores include those
as follows: (1) maternal factor: the mother’s age; (2) child factors:
birth weight Z scores (BWZ) and birth length Z scores (BLZ);
(3) food consumption: dietary diversity score, exclusively breastfed
history, unhealthy snack food consumption, and empty calories
drink (starch/ sugary water) consumption; and (4) infection. The
indirect determinants of LAZ scores include early initiation of
breastfeeding (EIBF), posyandu utilization, drinking water source,
and sanitation. The underlying determinants of LAZ scores include
the mother’s education and socioeconomic status.

Data on all variables were gathered from the interviews and
observations to the records available in the Maternal and Child
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FIGURE 1
Sample determination.

Health Handbook, or the other available records. If the record was
not available, interviews with the mothers were done based on the
subjects’ memory. The mother’s age was defined as the number of
years the mother was alive until the interview time. Birth weight
and birth length were measured by the midwives at deliveries and
usually were recorded in the Maternal and Child Handbook/other
record forms such as the mother’s cohort book. At the survey, the
birth weight and birth length were observed from the record or
mothers’/other family members’ memories. Thereafter, birth weight
(BWZ) and birth length Z scores (BLZ) were calculated by the
researchers based on WHO ANTHRO software.

A dietary diversity score was defined as the number of food
groups consumed in the last 24 h by the subjects. The food groups
were those as follows: 1. breast milk; 2. grains, roots, tubers,
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and plantains; 3. pulses (beans, peas, lentils), nuts, and seeds; 4.
dairy products (milk, infant formula, yogurt, and cheese); 5. flesh
foods (meat, fish, poultry, and organ meats); 6. eggs; 7. vitamin-
A-rich fruits and vegetables; and 8. other fruits and vegetables.
The minimum dietary diversity score is 5 (12). Unhealthy snack
consumption was defined as the consumption of extrudate snacks
(flavored ball puffs of starch, crisps, etc.) in the last 24 h. Empty
calorie drink consumption was defined as the consumption of
starch water, honey, tea, coffee, sugary water, fruit juice, and milk-
flavored sweet thick water in the last 24 h.

Early breastfeeding initiation was defined as the baby directly
put on the mother’s breast at the 1st h of delivery without any
barrier (12). Infants, as mothers reported, who first received food
or liquids other than breastmilk after 6 months were categorized
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as having exclusively breastfed history (EBF history). Infants, as
mothers reported, who first received other food or liquids before
6 months were categorized as having a non-exclusively breastfed
history (non-EBF history).

Infection was defined as the existence of at least one of these
infections experienced by the subject: diarrhea, upper respiratory
tract infection (URTI) in the previous month, or pneumonia,
tuberculosis, measles, and worms’ infections in the last 6 months.
All of the infections were defined based on the health personnel’s
diagnosis or symptoms experienced by the children which were
noticed by their mothers. In the analysis, infection was used as
a nominal variable without considering the kind of infection: the
existence or no existence of infection.

Posyandu is an integrated health post, which is organized by the
local community. Posyandu activities include growth monitoring,
nutrition education, basic healthcare services such as diarrhea
treatment, family planning services, and immunization of children
under 5 years. The basic healthcare service is provided by the
professional health worker, but for the other services, health cadres
from the community serve voluntarily. In general, the level of
participation is relatively high, as posyandu is the activity by, for,
and from the local community (13). Posyandu utilization was
defined as the mothers’ or child caregivers attendance at the
integrated health post. The drinking water source was the source
of water for drinking purposes in the household. Proper drinking
water was the saved drinking water which includes tap water, public
tap water, public hydrant, water terminal, rainwater storage, water
springs, protected well, artesian well, or pump well which have
a distance of more than 10m from the garbage storage. Bottled
water, water from the mobile vendor, water sold from a water
tank, and non-protected water spring/well were not included as
proper drinking water (14). Sanitation was the sanitation facilities
available, including the availability and type of toilet and the sewage
system. The proper sanitation facility was the toilet which fulfills
health requirements, completed by goose’ neck closet, and the
final disposal place was a septic tank or wastewater treatment
installation. This facility can be used by the household only or by
sharing the facility with other households (15).

The mothers education was defined as the highest level
of education which has been passed by the mothers, such as
elementary school, junior high school, high school, undergraduate,
and postgraduate levels. The group of mothers who had no
education at all was combined with the group of mothers
who had not completed elementary school as they were only
0.3%. Socioeconomic status was defined as the wealth quintiles
based on durable goods possessions, which have been used
by the Indonesian National Bureau of Statistics in many
national surveys.

For statistical analysis, frequencies and percentages were used
to describe the categorical variables, while means and standard
deviations were used to describe the continuous variables. LAZ
scores, the mother’s age, WBZ, LBZ, and dietary diversity score
were normally distributed. The other determinant variables were
measured as categorical variables. Correlation tests were used to
assess the associations between LAZ scores, the mother’s age, birth
weight Z scores, birth length Z scores, and dietary diversity scores.
The results are provided in Table 2. As the correlation between DDS
and LAZ was influenced by sex and age, a generalized linear model
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(GLM) which included sex and child’s age as the covariates were
run. The final GLM model to examine DDS and LAZ correlation
was only controlled by the child’s age as sex was not a significant
covariate. The summary of the result was added as a note in
Table 2. We examined the independent associations between each
predictor and LAZ scores and dropped any variable that was not
associated at p < 0.05. The results can be seen in Table 3. As
WBZ and LBZ scores were correlated at r = 0.593, we decided
to include only LBZ scores as the determinants of LAZ scores.
In the next step, we included the significant determinants in a
multivariate model of each factor group (child factors, food intakes,
environmental factors, socioeconomic status, and the mother’s
education) to predict LAZ scores and dropped any variable that was
not associated at p < 0.05 (16). The results can be seen in Table 3.
All of these processes were performed using IBM SPSS version 25
(SPSS Inc., Chicago, IL, USA).

The analysis was then continued with a path analysis model
in SPSS AMOS based on the conceptual model in Figure 2.
This figure was based on the UNICEF conceptual framework
for undernutrition. In this figure, the direct determinants for
LAZ scores were grouped as maternal and child factors, food
intake, and infection. The indirect factors included EIBF, posyandu
utilization, and environmental health, while the underlying factors
were socioeconomic status and the mother’s education. All of the
arrows showed the correlations, which were analyzed, directly to
LAZ scores and through the intermediate variables. The analysis
using this conceptual model was continued after the previous steps
for all of the retained variables. Then, all of the insignificant paths
(p > 0.05) were dropped. The final model can be seen in Figure 3,
and this model fulfills all the goodness of fit indicators (NFI-CFI >
0.9 and RMSEA < 0.05).

3. Results

Table I shows the descriptions of the characteristics, direct,
indirect, and underlying factors of LAZ scores. It is shown that the
mean and standard deviation of subjects’ LAZ scores were —0.95
=+ 1.22, which means they were in a relatively low stature based on
the WHO ANTHRO standard. The proportion of stunted children
was 19.1%, wasted 7.6%, and underweight 12.3%. The mean and
standard deviation of mothers’ age was 29.73 £ 5.95 years; the
percentage of mothers aged <20 years was only 2.1%; and those
aged >35 years was 18.3%. The mean WBZ and LBZ were —0.47
and —0.55, respectively. The mean dietary diversity score was 4.45,
with the proportion of children who met the minimum dietary
diversity was 50.2% (12). All other descriptions of the determinant
variables are shown in Table 1. Among the subjects, 6.5% (n =
210) were born as low birth weight babies based on the category
of <2,500 g.

Table 2 shows that the variables correlated with LAZ scores
were the mother’s age, BWZ, BLZ, and dietary diversity score. The
mother’s age (r = —0.041, p < 0.05) and dietary diversity score (r =
—0.036, p < 0.05) were negatively correlated with the LAZ scores,
while BWZ and BLZ were positively correlated with the LAZ scores.
Then, the correlation between DDS and LAZ scores was controlled
for sex and age in a GLM. As child’s age was the only significant
confounder, this variable was the only covariate included in the
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Conceptual model.
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Figure 2. Conceptual Model

Environmental health

¢ Drinking water source

e Sanitation

GLM. After adjustment for child’s age, the correlation between DDS
and LAZ was no longer significant (p = 0.079) with a positive
parameter estimate of 0.026. In the same model, the childs age
negatively correlated to LAZ with a parameter estimate of —0.049
and a p < 0.001. The mean LAZ of the children who met the
minimum dietary diversity (DDS > 5) (12) was —0.99 £ 1.198,
while the mean LAZ of the children who did not meet the minimum

Frontiersin 05

dietary diversity (<5) was —0.92 & 1.258. The independent ¢-test
results showed no difference in LAZ between the groups, with a p-
value of 0.114. BWZ was strongly correlated with BLZ, and dietary
diversity score was positively correlated with the mother’s age.
shows the variable selection results based on the
independent association to LAZ scores and adjustment to the other
variables in the same category. As BWZ and BLZ were strongly
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FIGURE 3
Path diagram.

correlated to each other (r = 0.593), we decided to include BLZ only
in the model. Based on the p > 0.05 of the independent correlation
to LAZ scores, these variables of unhealthy snack consumption,
infection, EIBE posyandu utilization, and drinking water source
were dropped from the model. After the adjustment of the other
variables in the same category, the dietary diversity score dropped
as this variable no longer had a significant effect on LAZ scores.
The conceptual model of the path analysis is shown in Figure 2,
and the results of the path analysis model are shown in Figure 3.
This figure shows only the significant pathways of determinants.
The goodness of fit results of NFI 0.954, RFI 0.913, IFI 0.965, TLI
0.934, CFI 0.965, and RMSEA 0.030 (0.022-0.038) showed that
this is a good fit model. There were five direct determinants of
LAZ scores: LBZ, the mother’s age, exclusively breastfed history,
consumption of empty calorie drinks, and socioeconomic status.
The mother’s education was not a direct determinant of LAZ scores
but an indirect determinant through the intermediate factor of
socioeconomic status. LBZ and socioeconomic status showed a
positive estimate, which means that the subjects with higher LBZ
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and socioeconomic status had higher LAZ scores. The mother’s age
and exclusively breastfed history were negatively associated with
LAZ scores, which means that the older mother’s age had the lower
LAZ scores and the subjects who had exclusively breastfed history
had the lower Z scores. The subjects who consumed empty-calorie
drinks had lower LAZ scores.

4. Discussion

The prevalence of stunting among children aged 6-23 years
old in this study was lower than among children under 5 years
old in this 2021 INSS result (24.4%) (1). Thus, many factors
still influence the HAZ scores in children after 2 years, resulting
in stunting among children under 5 years. However, since the
window opportunity for intervention is in the first 1,000 days of
life, it is important to set the determinants of LAZ scores among
children under 2 years. Few studies had been conducted at this age
(17, 18). The determinants of LAZ scores among children under 2
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TABLE 1 Descriptions of characteristics, direct, indirect, and underlying
factors of LAZ scores among children aged 6—23 months old in Central
Java province based on INSS 2021 (n = 3,238).

LAZ score

n %

Mean

—0.95

SD

1.22

Stunted

617 19.1

WHZ score

—0.40

1.20

Wasted

248 7.6

WAZ score

—0.78

1.14

Underweight

398

Child Factors

BLZ scores

—0.55

1.05

Stunted at birth

272 8.4

BWZ scores

—0.47

Low birth weight

166 5.1

Maternal Factors

Mother’s age (years)

29.73

<20 years

69 2.1

20-35 years

2,577 79.6

>35 years

592 18.3

Food Intake

Dietary diversity (score)

4.45

1.51

Meet the Minimum
Dietary Diversity (MDD)

1,624 50.2

Exclusively breastfed

history

Yes

1,749

Consumption of Empty
calorie drinks (starch
water, honey, tea, coffee,
sugar water, fruit juice,
sweetened condensed
milk, etc.)

Yes

984 30.4

Consumption of
unhealthy snacks:
extrudates in the forms
of puffs, such as cheese
flavored balls, crisps,
etc.)

Yes

1,753 54.1

Infection (experienced at
least 1 out of these
infections: diarrhea,
URTI in the previous
month, or pneumonia,
tuberculosis, measles,
worms’ infection in the
last 6 months)

Yes/ having infection

908 28.0

Early initiation of breastfeeding

No

‘ 1,920 ‘ 59.3 ‘
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TABLE 1 (Continued)

n % Mean SD
Posyandu utilization
Not utilized posyandu in 164 5.1
the last year
Environmental Factors
Drinking water source
Not proper ‘ 1,436 ‘ 44.3 ‘ ‘
Sanitation
Not proper ‘ 421 ‘ 13.0 ‘ ‘
Socioeconomic status
Lowest 20% 294 9.1
Low Middle 780 24.1
Middle 798 24.6
High Middle 801 24.7
Top 20% 565 17.4
Mother's education
Did not finish 57 1.8
Elementary School
Completed Elementary 664 20.5
School (Grade 1-6)
Completed Middle 998 30.8
School (Grade 7-9)
Completed High School 1,132 35.0
(Grade 10-12)
Completed Diploma 1-3 121 3.7
Completed Bachelor or 266 8.2
master or doctoral
degree

years could differ from the factors for LAZ scores among children
under 5 years (19, 20). The results of this study can be used for
the prioritization of stunting prevention and alleviation programs
based on the total effect of determinants found in this study.

In this study, it was found that the mother’s age was related to
LAZ scores among children under 2 years. The older the mother,
the lower the LAZ scores. Other studies have shown that the
mother’s age <20 years had a higher risk of having a stunting child
(21-23). In this study, only a small percentage of the subjects (2.1%
or 69 subjects) were <20 years old while 18.3% were >35 years old.
Thus, the mothers who were older than 35 years had more influence
on the results. A study in Nepal showed a consistent result with this
study (24). Older mothers tended to have a lower nutrient deposit
than younger ones as they already had some children.

The child factor of BLZ is strongly related to LAZ scores. An
increase in 1 SD in BLZ raised LAZ scores by 0.296. BLZ was
the strongest determinant of LAZ scores among children under
2 years in this current study. Birth weight and birth length were
interrelated. Logically, the shorter babies will have a lower birth
weight. A study in Northern Ghana showed that the low birth
weight babies had lower HAZ scores of —0.98 compared to the
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TABLE 2 Correlations between continuous variables (n = 3,238).

(W.V4 Mother's Birth Birth Dietary
scores  age length weight diversity
Z Z (score)
scores scores
LAZ 1
scores
Mother’s —0.041* 1
age
Birth 0.260** —0.029 1
length Z
scores
Birth 0.267** 0.005 0.593** 1
weight Z
scores
Dietary —0.036* 0.035* 0.013 —0.011 1
diversity
(score)
*p < 0.05.
**p < 0.01.

After controlled for the childs age, the correlation between DDS and LAZ was no longer
significant (p = 0.079).

normal birth weight among children at 6-59 months old (25).
Christian et al’s study in 2013 indicated that low birth weight
was associated with 2.5-3.5-fold higher odds of stunting (26). This
study also showed that the low birth weight was caused by small
for gestational age (SGA), which had a 20% attributable risk for
childhood stunting.

After controlling for the childs age, DDS was no longer
correlated to LAZ scores. The child’s age was negatively correlated
to LAZ scores; the older the children, the lower the LAZ scores. This
finding was similar to some other studies which showed that the
older children had lower Z scores (27, 28). In this study, the older
children also consumed more varieties of food; thus, the child’s age
confounded the correlation between DDS and LAZ scores.

Consumption of sugary water, starch water, and other empty
calorie drinks was also related to a lower LAZ, which means that the
children who were fed these kinds of drinks had a lower LAZ score
of 0.18. Empty-calorie drink consumption replaced the money that
should have been used for nutritious food and replaced the food
volume in the children’s stomachs. By consuming the empty calorie
drinks, the children had reached satiety, but the acquired nutrients
were very limited (29). Furthermore, the consumption of sugary
drinks and foods has a negative effect and causes dental caries, pain,
and eating difficulty, resulting in an inadequate intake of nutrients
(30, 31).

Surprisingly, in this study, exclusively breastfed history results
in lower LAZ scores. The subjects who had a history of exclusively
breastfed had 0.19 LAZ scores lower than those who did not. This
condition was not related to socioeconomic status as the lower LAZ
scores for the children who had a history of exclusively breastfed
appeared in all levels of socioeconomic status. This study was
performed in a cross-sectional design, and the subjects who had
exclusively breastfed history might have continued to be fed by
the low quality of complementary food, which then would result
in low LAZ scores. Furthermore, by the definition of exclusively
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breastfed history (got the first food/drink other than breastmilk at
>6 months), we might have included the subjects who have had
prolonged exclusive breastfeeding, which might have resulted in
nutrient inadequacy and led to a lower LAZ. Unfortunately, we did
not have any data on another variable on the delayed introduction
of complementary foods. Thus, the exclusively breastfed history
was not the cause of low LAZ but just the history of exclusive
breastfeeding will not be enough to prevent stunting in children
under 2 years (32). In this study, the children under 2 years
who were previously exclusively breastfed have a higher risk of
stunting. This fact differs from another study in East Indonesia
that showed exclusive breastfeeding is a protective factor against
stunting (33).

Data from Central Java health profile 2021 available on the
website showed that the prevalence of exclusive breastfeeding was
72.5 %, which increased from 67.3 % in 2020 (34). However,
these data were collected not on the children at 6 months
but on any age at the time of the children were surveyed.
It is possible that after the survey, the children were then
given other food/drinks than breastmilk before 6 months. Our
results showed that the number of children with a history of
exclusive breastfeeding was 54.0%. Thus, our data on EBF history
were reasonable.

Another consideration was the influence of the low nutritional
status of the mothers, which then might have modestly influenced
the breast milk content (35). A study in Indonesia indicated that
lactating women had a low intake of micronutrients, which then
modestly affected the micronutrient content of breast milk (36).
This modestly lowers the content of micronutrients in breast
milk that may have affected the micronutrient adequacy of their
infants. A study in Bogor Indonesia showed that the lactating
mothers’ nutritional status was lower than the pre-pregnant
women’s nutritional status (37). Another study in Indonesia
also showed that the nutritional status of lactating women was
lower compared to the women who were not lactating (38).
Fikawati et al’s study in Java Island, Indonesia, also showed
that the energy consumption of lactating women was low (39).
Unfortunately, data on mothers’ nutritional status from the 2021
INSS that can explain the results were not available. Thus, this
explanation was unlikely to fully explain the finding on the negative
correlation between the history of exclusive breastfeeding and
LAZ scores.

The other possible explanation of this negative correlation
was the reverse causality, in which the children who were
having poor growth as a result of poor diet and infections
tended to be breastfed or prolonged exclusively breastfed (40).
Unfortunately, there was no specific data on children’s diet
or breastfeeding status after 6 months. Furthermore, data on
infection was only cross-sectional. Non-standard definitions of
infant feeding practices that were used in this study could
also be a potential problem to the finding of this negative
correlation between the history of exclusive breastfeeding and
LAZ scores.

In this study, it was found that the socioeconomic level had
an impact on LAZ scores, with an increase of 0.09 for each
level of socioeconomic status which was measured by wealth
quintiles. Many studies, such as Darteh et al’s study in Ghana
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TABLE 3 Variable selection results.

Independent association with LAZ

10.3389/fnut.2023.1031835

Adjusted for other variables in the
same category

Estimate P value Decision Estimate P value Decision
(SE) (SE)

Child Factors
LBZ ‘ 0.30 (0.02) ‘ <0.0001 ‘ Retain ‘ 0.30 (0.02) ‘ <0.0001 ‘ Retain
Maternal Factors
Mother’s age (years) ‘ —0.008 (0.004) ‘ 0.019 ‘ Retain ‘ —0.008 (0.004) ‘ 0.019 ‘ Retain
Food Intake
Dietary diversity (score) —0.03 (0.1) 0.040 Retain —0.01 (0.01) 0.353 Drop
Exclusively breastfed history —0.16 (0.04) <0.0001 Retain —0.16 (0.04) <0.0001 Retain
Consumption of Empty calorie drinks (starch 0.18 (0.05) <0.0001 Retain 0.18 (0.05) <0.0001 Retain
water, honey, tea, coffee, sugar water, fruit
juice, sweetened condensed milk, etc.)
Consumption of unhealthy snacks: 0.08 (0.04) 0.060 Drop - - -
extrudates in the forms of puffs, such as
cheese flavored balls, crisps, etc.
Infection —0.07 (0.05) 0.125 Drop - - -
Early initiation of breastfeeding (EIBF) 0.03 (0.04) 0.532 Drop - - -
Posyandu utilization —0.11 (0.10) 0.244 Drop - - -
Environmental Factors
Drinking water source —0.05 (0.04) 0.238 Drop - - -
Sanitation 0.19 (0.06) 0.003 Retain 0.19 (0.06) 0.003 Retain
Socioeconomic status 0.11 (0.02) <0.0001 Retain 0.11 (0.02) <0.0001 Retain
Mother’s education 0.08 (0.02) <0.0001 Retain 0.08 (0.02) <0.0001 Retain

found that household wealth was related to stunting, where
the lowest wealth quintiles had the lowest LAZ scores (41).
However, this study was carried out on children under 5 years in
Ghana. The underlying cause of low LAZ scores in Central Java
among children under 2 years was the socioeconomic status and
mother’s education.

The implication of the results indicated that the nutritional
status of women at child-bearing age has to be improved as studies
had shown that macronutrient and food supplementation (42) as
well as multiple micronutrient supplementation (43) had decreased
low birth weight and increased birth outcomes. Education of the
mothers on the feeding practice for their children under 2 years is
also an important intervention. Therefore, intervention programs
to prevent low birth weight and stunting should be done more
effectively and efficiently.

The strength of this study was a relatively large sample size and
the use of path analysis to measure the direct and indirect effect
size and the total effect size of determinants to LAZ scores. The
other benefits of using path analysis are the fact that the effect can
be measured according to the conceptual framework. One of the
findings in this study is that socioeconomic status was a relatively
strong underlying determinant of LAZ scores. Thus, public health
actions in the community that have low socioeconomic status
to prevent stunting have to be performed, and one of them is
through the family empowerment program. The limitation of the
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study was the shortness of the available variables in the 2021 ISSN
survey. This cross-sectional design of this survey implied that the
relations observed in path analysis cannot be taken as casual, and
the direction could be reversed.

5. Conclusion

It is concluded that direct determinants of LAZ scores
among children aged 6-23 months in Central Java, Indonesia,
were birth length Z scores, the mother’s age, exclusively
breastfed history, and consumption of empty-calorie drinks.
The
and the mother’s education. To prevent stunting among
children aged 6-23 months
intervention programs to

underlying determinants were socioeconomic status

in Central Indonesia,
the

of women at child-bearing age as well as education on

Java,

increase nutritional status
child feeding practices should be conducted more efficiently

and effectively.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary files, further inquiries can be directed
to the corresponding author/s.

09 frontiersin.org


https://doi.org/10.3389/fnut.2023.1031835
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Kartasurya et al.

Ethics statement

The studies involving human participants were reviewed
and approved by Health Research Ethics Committee of Public
Health Faculty of Diponegoro University (134/EA/KEPK-
FKM/2022). Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin.

Author contributions

MK, AS, SSuy, SSun, MI, NN, YN, JD, EW, MS, PH, and
NF were responsible for the conception and design of the study.
MK, AS, SSuy, and SSun were responsible for managing and
retrieving the data. MK, AS, and SSun performed the statistical
analysis and interpretation of data. MK wrote the manuscript.
MK and AS did a critical review. All authors have read and
approved the manuscript.

Funding

This research was funded by the Asian Development Bank-
Indonesian Ministry of Health Research Grant, with contract
number 042/ MADEP-ADB/ KONTRAK/III/2022, under the

References

1. Kementerian Kesehatan Republik Indonesia. Buku saku hasil Studi Status Gizi
Indonesia (SSGI) Tingkat Nasional, Provinsi dan Kabupaten/ Kota tahun 2021. Jakarta:
Badan Penelitian dan Pengembangan Kesehatan Kemenkes RI. (2021).

2. Ahmed T, Hossain M, Sanin KI. Global burden of maternal and child
undernutrition and micronutrient deficiencies. Ann Nutr Metab. (2012) 61:8—
17. doi: 10.1159/000345165

3. Victora CG, De Onis M, Hallal PC, Blossner M, Shrimpton R. Worldwide
timing of growth faltering: Revisiting implications for interventions. Pediatrics. (2010)
125:3. doi: 10.1542/peds.2009-1519

4. Martorell R. Improved nutrition in the first 1000 days and adult human capital
and health. Am ] Hum Biol. (2017) 29:139-48. doi: 10.1002/ajhb.22952

5. World Bank. Repositioning Nutrition as Central to Development: A strategy for
Large-Scale Action. Washington DC: World Bank. (2006) p. 272.

6. Ismail FY, Fatemi A, Johnston M V. Cerebral plasticity: windows of
opportunity in the developing brain. Eur J Paediatr Neurol [Internet]. (2017) 21:23-
48. doi: 10.1016/j.¢jpn.2016.07.007

7. Migang YW, Rarome M]J, Heriteluna M, Dawam M. Intervention of specific
nutrition and sensitive nutrition with nutritional status of under two-year infants in
family planning village as efforts to face the demographic bonus. J Kesehat Masy. (2020)
16:101-10. doi: 10.15294/kemas.v16i1.23172

8. WHO. Reducing Stunting In Children: Equity considerations for achieving the
Global Nutrition Targets 2025. In: Equity considerations for achieving the Global
Nutrition Targets 2025. (2018) p. 40. Available online at: https://apps.who.int/iris
bitstream/handle/10665/260202/9789241513647-eng.pdf?sequence=1 (accessed July
29,2022).

9. Rosmalina Y, Luciasari E, Ernawati F. Interventions for reducing stunted of
children under 3 years: a systematic review Yuniar. Gizi Indones. (2018) 41:1-
14. doi: 10.36457/gizindo.v41i1.221

10. Unicef. Strategy for Improved Nutrition of Children and Women in Developing
Countries. New York USA: Unit Nations Childrens Fund. (1990) p. 38.

11. Mulyaningsih T, Mohanty I, Widyaningsih V, Gebremedhin TA, Miranti R,
Wiyono VH. Beyond personal factors: multilevel determinants of childhood stunting
in Indonesia. PLoS ONE. (2021) 16:1-19. doi: 10.1371/journal.pone.0260265

Frontiersin Nutrition

10.3389/fnut.2023.1031835

activities of TA-9558 INO: Impact of Adolescent Nutrition Support
on Development Outcomes.

Acknowledgments

The authors are grateful to the Ministry of Health for granting
permission to use the data and to the research team for their
cooperation and assistance. Special thanks to Dion Zein Nuridzin
for statistical assistance.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. WHO, UNICEF. Indicators for assessing infant and young child feeding
practices: definitions and measurement methods. In: World Health Organization and
the United Nations Children’s Fund (UNICEF). (2021) p. 1-122.

13. Anwar F, Khomsan A, Sukandar D, Riyadi H, Mudjajanto ES. High participation
in the Posyandu nutrition program improved children nutritional status. Nutr Res
Pract. (2010) 4:208-2014. doi: 10.4162/nrp.2010.4.3.208

14. Badan Pusat Statistik. Persentase Rumah Tangga Dengan Air Minum Layak.
Available online at: https://sirusa.bps.go.id/sirusa/index.php/indikator/478 (accessed
February 03, 2023).

15. BadanPusat Statistik. Persentase rumah tangga yang memiliki akses terhadap
layanan sanitasi layak. Available online at: https://sirusa.bps.go.id/sirusa/index.php
indikator/1196 (accessed February 03, 2023).

16. Prado EL, Jimenez EY, Vosti S, Stewart R, Stewart CP, Somé J, et al. Path
analyses of risk factors for linear growth faltering in four prospective cohorts of
young children in Ghana, Malawi and Burkina Faso. BMJ Glob Heal. (2019) 4:1-
11. doi: 10.1136/bmijgh-2018-001155

17. Titaley CR, Ariawan I, Hapsari D, Muasyaroh A, Dibley MJ. Determinants of
the stunting of children under two years old in Indonesia: a multilevel analysis of
the 2013 Indonesia basic health survey. Nutrients. (2019) 11:5. doi: 10.3390/nul10
51106

18. Chowdhury TR, Chakrabarty S, Rakib M, Afrin S, Saltmarsh S, Winn S. Factors
associated with stunting and wasting in children under 2 years in Bangladesh. Heliyon.
(2020) 6:€04849. doi: 10.1016/j.heliyon.2020.e04849

19. Widyaningsih V, Mulyaningsih T, Rahmawati FN, Adhitya D. Determinan of
socioeconomic and rural-urban disparities in stunting: evidence from Indonesia. Rural
Remote Health. (2021) 21:1-11. doi: 10.22605/RRH7082

20. Lourengo BH, Villamor E, Augusto RA, Cardoso MA. Determinants of linear
growth from infancy to school-aged years: a population-based follow-up study in urban
Amazonian children. BMC Public Health. (2012) 12:1. doi: 10.1186/1471-2458-12-265

21. Mzumara B, Bwembya P, Halwiindi H, Mugode R, Banda J. Factors associated
with stunting among children below five years of age in Zambia: Evidence
from the 2014 Zambia demographic and health survey. BMC Nutr. (2018) 4:1-
8. doi: 10.1186/540795-018-0260-9

frontiersin.org


https://doi.org/10.3389/fnut.2023.1031835
https://doi.org/10.1159/000345165
https://doi.org/10.1542/peds.2009-1519
https://doi.org/10.1002/ajhb.22952
https://doi.org/10.1016/j.ejpn.2016.07.007
https://doi.org/10.15294/kemas.v16i1.23172
https://apps.who.int/iris/bitstream/handle/10665/260202/9789241513647-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/260202/9789241513647-eng.pdf?sequence=1
https://doi.org/10.36457/gizindo.v41i1.221
https://doi.org/10.1371/journal.pone.0260265
https://doi.org/10.4162/nrp.2010.4.3.208
https://sirusa.bps.go.id/sirusa/index.php/indikator/478
https://sirusa.bps.go.id/sirusa/index.php/indikator/1196
https://sirusa.bps.go.id/sirusa/index.php/indikator/1196
https://doi.org/10.1136/bmjgh-2018-001155
https://doi.org/10.3390/nu11051106
https://doi.org/10.1016/j.heliyon.2020.e04849
https://doi.org/10.22605/RRH7082
https://doi.org/10.1186/1471-2458-12-265
https://doi.org/10.1186/s40795-018-0260-9
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Kartasurya et al.

22. Fink G, Sudfeld CR, Danaei G, Ezzati M, Fawzi WW. Scaling-up access
to family planning may improve linear growth and child development in low
and middle income countries. PLoS ONE. (2014) 9:1-9. doi: 10.1371/journal.pone.
0102391

23. Chirande L, Charwe D, Mbwana H, Victor R, Kimboka S, Issaka Al, et al.
Determinants of stunting and severe stunting among under-fives in Tanzania:
evidence from the 2010 cross-sectional household survey. BMC Pediatr. (2015) 15:1-
13. doi: 10.1186/s12887-015-0482-9

24. Tiwari R, Ausman LM, Agho KE. Determinants of stunting and severe stunting
among under-fives: evidence from the 2011 Nepal Demographic and Health Survey.
BMC Pediatr. (2014) 14:1-15. doi: 10.1186/1471-2431-14-239

25. Ali Z, Saaka M, Adams AG, Kamwininaang SK, Abizari AR. The
effect of maternal and child factors on stunting, wasting and underweight
among preschool children in Northern Ghana. BMC Nutr. (2017)
3:1-13. doi: 10.1186/s40795-017-0154-2

26. Christian P, Lee SE, Angel MD, Adair LS, Arifeen SE, Ashorn P, et al. Risk of
childhood undernutrition related to small-for-gestational age and preterm birth in low-
and middle-income countries. Int J Epidemiol. (2013) 42:1340-55. doi: 10.1093/ije/
dyt109

27. Oddo VM, Rah JH, Semba RD, Sun K, Akhter N, Sari M, et al. Predictors of
maternal and child double burden of malnutrition in rural Indonesia and Bangladesh.
Am ] Clin Nutr [Internet]. (2012) 95:951-8. doi: 10.3945/ajcn.111.026070

28. Torlesse H, Cronin AA, Sebayang SK, Nandy R. Determinants of stunting in
Indonesian children: Evidence from a cross-sectional survey indicate a prominent role
for the water, sanitation and hygiene sector in stunting reduction. BMC Public Health.
(2016) 16:1-11. doi: 10.1186/512889-016-3339-8

29. Pries AM, Rehman AM, Filteau S, Sharma N, Upadhyay A, Ferguson EL.
Unhealthy snack food and beverage consumption is associated with lower dietary
adequacy and length-for-age z-scores among 12-23-month-olds in Kathmandu Valley,
Nepal. ] Nutr. (2019) 149:1843-51. doi: 10.1093/jn/nxz140

30. Abi Khalil H, Hawi M, Hoteit M. Feeding patterns, mother-child dietary
diversity and prevalence of malnutrition among under-five children in lebanon:
a cross-sectional study based on retrospective recall. Front Nutr. (2022)
9:815000. doi: 10.3389/fnut.2022.815000

31. Setiawan AS, Indriyanti R, Suryanti N, Rahayuwati L, Juniarti N. Neonatal
stunting and early childhood caries: a mini-review. Front Pediatr. (2022)
10:871862. doi: 10.3389/fped.2022.871862

32. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal
and child undernutrition: global and regional exposures and health consequences.
Lancet. (2008) 371:243-60. doi: 10.1016/S0140-6736(07)61690-0

Frontiersin

11

10.3389/fnut.2023.1031835

33. Hadi H, Fatimatasari F Irwanti W, Kusuma C, Alfiana RD, Asshiddigi
MIN, et al. Exclusive breastfeeding protects young children from stunting in a
low-income population: a study from Eastern Indonesia. Nutrients. (2021) 13:1-
14. doi: 10.3390/nu13124264

34. Dinas Kesehatan Provinsi Jawa Tengah. Profil Kesehatan Jawa Tengah Tahun
2021. Dinas Kesehatan Provinsi Jawa Tengah. (2022) p. 1-329. Available online
at:

(accessed February 26, 2023).

35. Allen L. Maternal micronutrient status and intake: effects on human milk
composition. In: Harrison M, Fyffe Z, Yaktine A, editors. Nutrition During Pregnancy
and Lactation: Exploring New Evidence. Washington, DC: The National Academies
Press (2020). p. 87-92.

36. Daniels L, Gibson RS, Diana A, Haszard JJ, Rahmannia S, Luftimas DE,
et al. Micronutrient intakes of lactating mothers and their association with breast
milk concentrations and micronutrient adequacy of exclusively breastfed Indonesian
infants. Am J Clin Nutr. (2019) 110:391-400. doi: 10.1093/ajcn/nqz047

37. Madanijah S, Rimbawan R, Briawan D, Zulaikhah Z, Andarwulan N, Nuraida L,
et al. Nutritional status of lactating women in Bogor district, Indonesia: cross-sectional
dietary intake in three economic quintiles and comparison with pre-pregnant women.
Br J Nutr. (2016) 116:567-74. doi: 10.1017/S0007114516001306

38. Fahmi I, Bell W, Lauvai ], Barati Z, Purwestri RC, Wirawan NN. Dietary
intake and nutritional status of Javanese women in rice surplus areas: a comparison
between lactating and non-lactating women. Indones ] Hum Nutr. (2021) 8:139-
51. doi: 10.21776/ub.ijhn.2021.008.02.5

39. Fikawati S, Syafiq A, Purbaningrum RP, Karima K. Energy consumption of
lactating mothers: current situation and problems. Makara ] Heal Res. (2014) 18:58-
64. doi: 10.7454/msk.v18i2.4068

40. Marquis GS, Habicht JP, Lanata CF, Black RE, Rasmussen KM. Association of
breastfeeding and stunting in Peruvian toddlers: An example of reverse causality. Int |
Epidemiol. (1997) 26:349-56. doi: 10.1093/ije/26.2.349

41. Darteh EKM, Acquah E, Kumi-Kyereme A. Correlates of stunting among
children in Ghana. BMC Public Health. (2014) 14:1-7. doi: 10.1186/1471-2458-
14-504

42. Lassi ZS, Padhani ZA, Rabbani A, Rind F Salam RA, Das JK, et al
Impact of dietary interventions during pregnancy on maternal, neonatal, and
child outcomes in low-and middle-income countries. Nutrients. (2020) 12:1-
16. doi: 10.3390/nu12020531

43. Keats EC, Haider BA, Tam E, Bhutta ZA. Multiple-micronutrient
supplementation for women during pregnancy. Cochrane Database Syst Rev. (2019)
(3):1-126. doi: 10.1002/14651858.CD004905.pub6


https://doi.org/10.3389/fnut.2023.1031835
https://doi.org/10.1371/journal.pone.0102391
https://doi.org/10.1186/s12887-015-0482-9
https://doi.org/10.1186/1471-2431-14-239
https://doi.org/10.1186/s40795-017-0154-2
https://doi.org/10.1093/ije/dyt109
https://doi.org/10.3945/ajcn.111.026070
https://doi.org/10.1186/s12889-016-3339-8
https://doi.org/10.1093/jn/nxz140
https://doi.org/10.3389/fnut.2022.815000
https://doi.org/10.3389/fped.2022.871862
https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.3390/nu13124264
https://dinkesjatengprov.go.id/v2018/dokumen/Profil_Kesehatan_2021/mobile/index.html
https://dinkesjatengprov.go.id/v2018/dokumen/Profil_Kesehatan_2021/mobile/index.html
https://doi.org/10.1093/ajcn/nqz047
https://doi.org/10.1017/S0007114516001306
https://doi.org/10.21776/ub.ijhn.2021.008.02.5
https://doi.org/10.7454/msk.v18i2.4068
https://doi.org/10.1093/ije/26.2.349
https://doi.org/10.1186/1471-2458-14-504
https://doi.org/10.3390/nu12020531
https://doi.org/10.1002/14651858.CD004905.pub6
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Determinants of length for age Z scores among children aged 6–23 months in Central Java, Indonesia: a path analysis
	1. Introduction
	2. Materials and methods
	3. Results
	4. Discussion
	5. Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


