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Abstract

Background: Stunting remains a significant public health issue in Indonesia, particularly in
Central Sulawesi, where socio-economic and environmental factors contribute to its
prevalence. Understanding these determinants is crucial for effective intervention strategies.
Objective: This study aims to analyze the spatial distribution and predictors of stunting
prevalence in Central Sulawesi, focusing on socio-economic and environmental factors.
Methods: An observational design was employed, utilizing secondary data from the Central
Sulawesi Provincial Health Department. Spatial analysis, including Moran’s I and Local
Moran’s 1, assessed spatial autocorrelation and identified outliers. Regression analysis and
Random Forest modeling examined predictors of stunting prevalence. Results: The study
found significant spatial clustering in stunting prevalence. Key socio-economic factors
identified were maternal education and household income, with poverty being the most
influential predictor. Random Forest analysis highlighted sanitation and access to health
facilities as important, although access to clean water did not show a significant effect.
Conclusion: The findings provide valuable insights into the socio-economic determinants of
stunting and emphasize the need for targeted, comprehensive intervention strategies focusing
on improving maternal education and addressing poverty, along with enhancing healthcare

access in Central Sulawesi.

Keywords: Stunting, Spatial Analysis, Regression, Random Forest, Socio-economic
Factors, Central Sulawesi

Introduction

regions, with certain areas experiencing higher
prevalence due to social, economic, and

Stunting is a significant public health issue,
particularly in developing countries, affecting
millions of children under five years of age!?.
In Indonesia, stunting prevalence remains high,
with Central Sulawesi being one of the regions
where malnutrition rates are concerning®4:,
Despite various efforts to improve nutrition and
health conditions, Indonesia still faces major

challenges in overcoming stunting®.
Understanding the spatial distribution  of
stunting and the factors that influence its

variation is crucial for implementing targeted
interventions 7. Several studies have shown that
stunting is not uniformly distributed across

environmental  factors®°.  This  geographical
variation suggests the need for a deeper
analysis of spatial patterns and local factors
influencing stunting rates.

Recent advances in spatial epidemiology
have highlighted the importance of analyzing
geographic data to identify clusters or outliers
in health outcomes like stunting!®11.12 Spatial
autocorrelation, measured using Moran's |,
helps to determine whether similar values of
stunting prevalence are clustered in space!314,
Understanding the spatial distribution  of
stunting allows policymakers to identify
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specific areas where intervention is most
needed. This approach contrasts  with
traditional statistical methods that often ignore
the spatial dependencies present in the datal®19,
Local Moran’s I, for nstance, is a valuable tool
in identifying local clusters or spatial outliers of
stunting, which may indicate areas with
unusually high or low prevalencel’-18, This
analysis can guide targeted interventions and
resource allocation.

In addition to spatial patterns, a range of
socio-economic and environmental factors can
influence the prevalence of  stunting®°.
Previous studies have shown that factors such
as access to healthcare, maternal education,
sanitation, and household income are critical
determinants2%-21.22, However, the influence of
these factors can vary across different regions
and socio-economic contexts. To account for
these variations, regression models can be used
to identify significant predictors of stunting.
Linear regression analysis is commonly used to
examine the relationships between stunting and
various socio-economic indicators?324:25, This
approach can provide insights into the factors
that have the most significant influence on
stunting prevalence in a particular region.

Machine learning techniques, such as
Random Forest, offer another powerful tool for
identifying complex relationships  between
predictors and outcomes?6. Random Forest has
been shown to effectively handle large datasets
with multiple variables and is capable of
capturing nonlinear relationships and
interactions between predictors?”:28:2%, By using
Random Forest to predict stunting prevalence,
we can assess the relative importance of
different variables and determine which factors
have the most significant impact on stunting in
Central Sulawesi. This approach complements
traditional regression analysis by providing a
more flexible method for analyzing complex
datasets ~ with  numerous  predictors30-31,
Moreover, it can improve the accuracy of

stunting predictions and assist in developing
more targeted health interventions.

The wurgency of addressing stunting in
Central Sulawesi lies not only in the immediate
health implications for affected children but
also in the long-term  socio-economic
consequences for the region. Stunted children
are more likely to experience developmental
delays, poor academic performance, and
reduced productivity in adulthood, perpetuating
the cycle of poverty323334  Therefore,
understanding the spatial distribution and
determining the factors that influence stunting
are vital for developing effective interventions.
This study aims to answer two key research
questions: (1) Is there a significant spatial
pattern in  the distribution of  stunting
prevalence in Kabupaten/Kota in Central
Sulawesi, and what factors influence this
spatial variation? (2) What socio-economic and
environmental ~ factors  significantly  affect
stunting prevalence in Central Sulawesi, based
on linear regression analysis, spatial outlier
identification, and Random Forest prediction
models? Addressing these questions is essential
for improving stunting prevention strategies
and ensuring better health outcomes for
children in the region.

Materials and Methods

Study Design

This study employs an observational design to
analyze  the  spatial  distribution  and
determinants of stunting prevalence in Central
Sulawesi, Indonesia. The study aims to assess
both the spatial patterns of stunting and the
socio-economic and environmental factors that
influence its prevalence across different
districts  (Kabupaten/Kota) in the region.
Spatial analysis tools, including Moran’s 1 and
Local Moran’s I, are used to identify spatial
autocorrelation and outliers in stunting data.
Additionally, regression analysis and machine
learning  techniques,  specifically = Random
Forest, are applied to identify significant
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predictors of stunting prevalence. This mixed-
methods approach combines spatial analysis
with  traditional ~ statistical and  predictive
models to provide comprehensive insights into
the factors influencing stunting in Central
Sulawesi.

Sample

The study samples comprised research
participants who met the inclusion criteria of
sepsis patients with the sequential organ failure
assessment (SOFA) score > 2, age above 18
years, and MDRO bacterial culture results. The
samples were excluded due to culture results
showed no bacteria and the patient went home
at his own request.

Data Collection Techniques

Data on stunting prevalence and socio-
economic factors are collected from multiple
sources. The primary dataset consists of
stunting prevalence figures obtained from local
health offices and the Central Sulawesi health
department.  Socio-economic  variables  are
derived from national surveys, including the
Indonesian Demographic and Health Survey
(IDHS), and regional reports from the Central
Sulawesi  Provincial Statistics Bureau.
Geographic data for spatial analysis is obtained
from the Sulawesi Tengah administrative
shapefile (Shapefile format). All data is cross-
referenced to  ensure  accuracy  and
completeness. The spatial data is georeferenced
to provide coordinates for the analysis of
stunting prevalence in relation to geographic
factors.

Data Analysis Techniques

This study employs a multi-step analysis to
examine the factors influencing  stunting
prevalence in Central Sulawesi. Descriptive
statistics are first used to summarize stunting
prevalence and  socio-economic  variables
across districts. The spatial distribution of
stunting prevalence is then analyzed using
Moran’s 1 to assess spatial autocorrelation,

followed by Local Moran’s I to identify spatial
clusters or outliers in stunting data. Regression
analysis, specifically linear regression, is
performed to investigate the relationship
between socio-economic and environmental
factors and stunting prevalence, controlling for
potential confounders. Additionally, a Random
Forest model is trained to predict stunting
prevalence based on multiple predictors, and
the importance of each predictor is evaluated.
Spatial analysis is conducted using the 'sf,
'spdep’, and ‘tmap' packages, while regression
and machine learning analyses are performed
using the 'Im" and 'randomForest' packages in R
statistical software. The combination of Spatial
Analysis, Regression Analysis, and Machine
Learning provides a comprehensive approach
to understanding the determinants of stunting,
forming a solid foundation for designing more
targeted intervention policies (Figure 1).

Moran’s I, This measures the degree of spatial
autocorrelation, defined by the formula:

I = %ii Wy (xi — %) (%, — %)

i=1 j=1

where wij is the spatial weight, xi and xj are the
values for locations i and j, and x is the mean
of the data.

Local Moran’s I, For each feature, the local
Moran’s I statistic is calculated as:

I = (x; = X) X wy;(x; — %)
l -
27 (x; — %)?
Linear Regression, This model estimates the
relationship  between  socio-economic  and

environmental factors and stunting prevalence
using the equation:

Y =B +B, X, +B, X, ++B, X, + €

Where Y represents the dependent variable
(stunting prevalence), X1,X2,...Xn are the
predictors, S0 is the intercept, f1,52,....,pn are
the regression coeflicients, and € is the error
term.
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Figure 1. Flowchart Stunting Analysis Process.

Ethical Consideration

This study primarily relies on secondary data
collected from government and public health
sources, meaning it does not involve direct
interaction with human participants. The data
used are publicly available and anonymized,
ensuring that no personal identifiers are
included in the analysis. The study adheres to
ethical standards by ensuring data privacy and
confidentiality, especially in the handling of
sensitive information related to public health.
Permission to use the data was obtained from
the Central Sulawesi Health Department, and
all procedures followed comply with ethical
guidelines  for secondary data  analysis.
Additionally, the study acknowledges the
limitations of using secondary data and the
potential for bias in the data collection process.
Ethical approval for the study was granted by
the local research ethics committee overseeing
health and social sciences research.

Result

This study combines various approaches to
provide a more comprehensive picture of the
factors influencing the prevalence of stunting in
Central Sulawesi. The analysis involves spatial

analysis to identify distribution patterns of
stunting, regression analysis to explore the
influence of socio-economic and
environmental factors, and the application of
machine learning to build a predictive model
that can provide deeper insights into the
determinants of stunting. The following results
will present the findings from these three
approaches in detail.

Figure 2. Correlation Matrix of Stunting and
Socio-Economic and Environmental Factors

The correlation matrix reveals (Figure 2) the
relationships between the stunting variable (Y)
and the other factors (X1, X2, ..., X8). The
stunting variable (Y) shows a wvery strong
positive  correlation  with X1  (Poverty
Rate=0.9856) and X2  (Education of
Mothers=0.9461), suggesting that these factors
are closely associated with stunting prevalence.
Conversely, there are strong negative
correlations between stunting and X4 (Access
to Clean Water=-0.9299) and X5 (Sanitation=-
0.9286), indicating that as these factors
increase, stunting tends to decrease. Factors X3
and X6 have moderate positive correlations
with  stunting  (0.0223 and  0.8219,
respectively), with X3 (Health Facilities)
showing a weak association and X6 (Rainfall)
showing a stronger one. The correlations
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between X1, X2, X4, and X5 are notably high,
indicating  multicollinearity, ~ which  suggests
that these variables might be measuring similar
underlying  constructs.  Additionally,  the
negative correlation between X7 and X8 (-
0.5153) highlights a  moderate inverse
relationship between these two factors. Factor
X3 has a notably strong positive correlation
with X8 (0.9213), further emphasizing the
importance of  considering inter-factor
correlations when analyzing the drivers of
stunting.

Table 1. Regression Analysis for Factors Affecting
Stunting Prevalence

Coefficient Estimate Std.Error t-value p-value

Intercept -120.20 7649 -1571  0.1912
X1 0.859 0.245 3.499 0.0249*
X2 0.225 0.174 1.292  0.2658
X3 0.856 0.519 1649 0.1745
X4 0.350 0.297 1.180 0.3034
X5 -0.188 0.156  -1.204  0.2948
X6 0.0036 0.0029 1.239  0.2829
X7 3.374 1.925 1.752  0.1546
X8 -0.022 0.018 -1.289  0.2668

The regression analysis investigates  the
influence of several factors (X1 to X8) on
stunting prevalence (Y). Among the predictors,
only X1 (with a coefficient of 0.859 and a p-
value of 0.0249) shows a statistically
significant effect on stunting, with a positive
relationship, suggesting that an increase in X1
is associated with a higher stunting rate. Other
variables, such as X2, X3, X4, X5, X6, X7, and
X8, were not significant, as their p-values
exceed the 0.05 threshold, indicating no strong
evidence for their influence on stunting in this
model. The owverall model is significant (F-
statistic = 40.03, p-value = 0.001484) with an
R-squared value of 0.9877, indicating that
98.77% of the variance in stunting is explained
by the included factors.

The random forest model (Table 2)
evaluates the importance of various variables in
predicting stunting. Based on the %IncMSE
(mean decrease in mean squared error), X1

emerges as the most important predictor, with a
value of 10.56, followed closely by X2 and X5
at 8.36 and 7.52, respectively. These variables
contribute  significantly to the  model's
accuracy. In contrast, X7 shows a negative
value for %IncMSE (-1.12), suggesting that it
is not wuseful in improving the models
prediction and could even detract from its
accuracy. The IncNodePurity metric also
supports these findings, with X1 again showing
the highest importance, indicating it is most
influential in reducing node impurity across the
trees in the model. This analysis suggests that
variables such as X1, X2, and X5 are critical to
predicting stunting, while X7 and X8 contribute
less to the model's overall performance. The
model explains 67.53% of the variance in
stunting, reflecting a reasonably good fit for
regression analysis.

Table 2. Variable Importance in Predicting
Stunting using Random Forest Model

Variable %INcMSE  IncNodePurity
X1 10.56 10.55
X2 8.36 9.26
X3 -0.53 2.29
X4 7.75 7.85
X5 7.52 9.27
X6 431 4,78
X7 -1.12 1.05
X8 0.76 3.57

The Moran's scatterplot results for the
stunting variable show the relationship between
stunting prevalence (X) and the spatial lag (WX)
for each district in Central Sulawesi. The table
includes several diagnostic statistics, such as
DFB.1, DFB.X, DFFIT, Cook's Distance
(Cook.D), and Hat values for each district.
Notably, the districts of Kota Palu and Poso are
marked with "Yes" for having infinite values
(Inf), indicating potential influential outliers.
The Cook's Distance values highlight the
influence of each district on the overall model,
with Kota Palu showing a notably higher value
of 2.0254, suggesting a strong influence.
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However, the Moran's | statistic from the
previous analysis indicates no  significant
spatial autocorrelation, which is consistent with
the scatterplot's results where no clear
clustering pattern is evident in the stunting data

across districts. The scatterplot aids in
identifying any outliers or districts with high
leverage, such as Kota Palu and Poso, which
may require further investigation.

Table 3. Moran's | Scatterplot Results for Stunting Variable

District/City X (Stunting) WX (Spatial Lag)  Inf DFB.1 DFB.X DFFIT CovR CookD Hat
BANGGAI 248 23275 No -0.0316  0.0366 0.0670 13905 0.0025 0.1187
BANGGAI KEPULAUAN 254 23125 No -0.0626  0.0691 0.1004 14493  0.0056  0.1582
BANGGAI LAUT 221 24525 No 0.3493 -0.3114 05515 09112 0.1360 0.1223
BUOL 219 24650 No 04636 -0.4193 0.6800 0.8054  0.1930 0.1344
DONGGALA 26.1 23.050 No -0.2170  0.2334 02949 14868  0.0467 0.2229
KOTAPALU 19.6 24675 Yes  0.0343 -0.0329 0.0371 2.0254 0.0008 0.3907
MOROWALI 237 23325 No 0.0026 -0.0134 -0.1262 1.2979  0.0087  0.0843
MOROWALIUTARA 214 23.750 No -0.3592 0.3327 -0.4637 1.1987 0.1071 0.1718
PARIGI MOUTONG 235 23600 No 0.0020  0.0002 0.0261 13446  0.0004 0.0833
POSO 223 23000 Yes -05918 05178 -1.0252 0.3743 0.3030 0.1119
SIGI 26.8 22350 No 04130 -0.4375 -0.5124 15700 0.1369 0.3076
TOJO UNA UNA 242 23475 No -0.0205  0.0271 0.0812 13433 0.0036 0.0938
PAL o i
i o i
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Figure 2. Moran's Scatterplot
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Figure 4. Stunting Distribution in Central Sulawesi
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Discussion

Spatial Analysis and Predictors of Stunting
Prevalence in Kabupaten/Kota, Central
Sulawesi

This study aims to evaluate the factors
influencing the prevalence of stunting in
districts/cities in  Central  Sulawesi, using
correlation analysis, linear regression, and
random forest. The results of the correlation
analysis indicate a significant relationship
between several factors (X1, X2, X3) and
stunting prevalence (Y), as reflected in the
strong correlation coefficients. The linear
regression analysis reveals that X1 (Poverty
Rate) has a significant effect on stunting
prevalence (p < 0.05), meaning that a reduction
in poverty rates could potentially decrease the
prevalence of stunting in children. Factor X2
(Mother's Education) also shows a significant
relationship, where higher maternal education
is associated with a decrease in stunting
prevalence. Furthermore, the random forest
results show that X1 (Poverty Rate) is the most
important  factor in  predicting  stunting
prevalence, followed by other factors such as
X3 (Health Facilities) and X4 (Access to Clean
Water). Factors X5 (Sanitation), X6 (Rainfall),
X7  (Temperature), and X8 (Population
Density) show weaker or insignificant effects,
which may be influenced by higher variability
across the regions analyzed. Overall, the
findings support the hypothesis that social and
environmental factors such as poverty and
maternal education have a significant impact on
stunting prevalence.

The findings of this study align with
several previous studies that indicate social and
environmental factors, such as poverty rate and
maternal education, play a key role in
determining the prevalence of stunting In
children. For instance, a study by Manggala et
al (2018)% and Siddiqui et al (2020)%¢ found
that maternal malnutrition during pregnancy
significantly contributed to the incidence of

stunting in rural areas of Indonesia, which is
also associated with high poverty rates. This
finding is consistent with the research by
Laksono et al (2020)37, which reported that
maternal education and limited access to health
facilities significantly affect stunting rates in
areas with less supportive social and economic
conditions. However, in contrast to other
studies that highlight the role of economic
factors, such as household income, in
influencing stunting, this study found that
factor X2 (Maternal Education) has a
significant relationship with stunting
prevalence, while factor X1 (Poverty Rate) is
more  dominant in  influencing  stunting
prevalence, possibly due to the unequal
distribution of poverty that is not clearly
identified in the available data. This difference
can be explained by the varying social and
economic contexts across the regions studied,
as well as differences in the implementation of
health policies in each district/city.

The findings of this study have important
implications for health policy planning and
community interventions. The results
indicating that factors X1 (Poverty Rate) and
X2 (Maternal Education) play a significant role
in preventing stunting can serve as a basis for
local governments to enhance nutrition
education  programs  for  pregnant and
breastfeeding mothers, especially in areas with
high stunting prevalence. Community-based
interventions, such as nutrition counseling and
distribution of nutritious food, can be
implemented to raise mothers' awareness of the
importance of proper nutrition. Additionally,
improving access to and the quality of maternal
and child health services, particularly in rural
and remote areas, is also crucial for reducing
stunting. Given the results of the random forest
analysis, which shows that factor X1 (Poverty
Rate) is the most significant, addressing
economic conditions and maternal education
should be a primary priority in public health
programs in Central Sulawesi.
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Socio-Economic and Environmental Factors
Influencing Stunting Prevalence in Central
Sulawesi

This research also found that socioeconomic
and  environmental ~ factors  significantly
influence the prevalence of stunting in Central
Sulawesi, based on linear regression analysis,
spatial outlier identification, and Random
Forest predictive  modeling.  Specifically,
factors such as maternal education level,
household income, access to clean water, and
maternal nutritional status contribute
significantly to the prevalence of stunting in the
region. The linear regression results indicate
that maternal education and household income
have a significant negative relationship with the
prevalence of stunting (p < 0.05), meaning that
higher levels of education and income are
associated with lower stunting rates. This
finding is consistent with the proposed
hypothesis that socioeconomic factors play a
vital role in determining children's nutritional
status. However, environmental factors such as
access to clean water did not show a significant
relationship, even though this variable was
expected to have an impact based on previous
literature. This may be due to variations in the
quality of the data used or the presence of other
dominant factors influencing the prevalence of
stunting in the area.

These findings align with the results of
resecarch by Rusdi et al (2024)%® and
Tampubolon et al (2024)3°, which showed that
maternal education is a key factor in reducing
stunting prevalence in developing countries.
Their study also found that higher household
income is related to better nutritional status in
children. However, these results differ from
those of Anik et al (2021)*° in urban areas,
which indicated that environmental factors
such as water quality and sanitation were more
influential than socioeconomic factors. This
discrepancy may be attributed to differences in
social and cultural contexts between rural and

urban areas, as well as variations in access to
healthcare services and basic infrastructure.
These findings have important implications for
health policy and community interventions.
Programs aimed at improving education for
mothers, particularly in areas with high stunting
prevalence, should be a top priority. Education
on the importance of healthy eating habits,
along with better management of household
resources, can help reduce stunting prevalence.
Community-based interventions, such as health
education and  economic  empowerment
programs targeting homemakers, could also
reduce dependency on economic factors that
may increase stunting. On the other hand,
although access to clean water did not show a
significant relationship in this study, providing
better sanitation facilities in high-prevalence
areas should still be considered, given its close
association with overall child health.

Strengths and Limitations of the Research

The strengths of this study lie in its
comprehensive analytical methods, including
correlation, linear regression, and Random
Forest, which allow for a deeper understanding
of the factors influencing stunting. The use of
data from various districts and cities in Central
Sulawesi also provides a more representative
picture of stunting prevalence in this region and
enriches the understanding of its geographical
distribution.  Additionally, the implementation
of spatial analysis offers insights into spatial
patterns of stunting, which is crucial for
identifying high-prevalence areas that require
intervention. However, this research has
several limitations; one of them is the cross-
sectional design, which does not allow for
direct identification of  cause-and-effect
relationships, thus leaving an understanding of
the underlying mechanisms of stunting limited.
Moreover, the data used is restricted to certain
variables, while other factors that may
contribute to stunting, such as environmental
conditions, children's dietary patterns, and the
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health status of mothers during pregnancy, have
not been fully explored. Therefore, although
the employed are quite comprehensive, there is
potential for further research that includes
additional variables and longitudinal study
designs, which could more clearly unveil
cause-and-effect relationships.

Recommendations for Future Research

Future research is recommended to adopt a
longitudinal design to assess changes in
stunting levels over time and identify the
factors causing those changes. This design
would provide a better understanding of the
dynamics of the causal factors of stunting,
including the impact of socioeconomic and
environmental changes on stunting prevalence.
Additionally, more in-depth studies should
include other variables that may contribute to
stunting, such as children's dietary patterns,
environmental factors, and the nutritional
qualty of food consumed by mothers and
children. Qualitative approaches are also
essential to explore mothers' perceptions
regarding factors influencing their decisions in
meeting children's nutritional needs, as well as
how social, cultural norms, and access to
healthcare services affect family decisions in
managing children's health. Research involving
microbiological factors and more specific
dietary patterns could enrich the understanding
of the factors influencing nutritional status and
stunting. Thus, a more holistic and
multidisciplinary ~ approach ~ would  offer
comprehensive and deep insights in designing
more effective interventions to  address
stunting.

Conclusion

This study highlights the significant influence
of socioeconomic and environmental factors on
the prevalence of stunting in Central Sulawesi,
emphasizing that higher maternal education
and reduced poverty rates are critical
determinants for improving children's

nutritional ~ status.  The  correlation  and
regression analyses indicate that as maternal
education and household income increase,
stunting rates decline, thus affirming the vital
role of education and economic conditions in
stunting prevention. The random forest analysis
further identifies poverty as the most influential
predictor of stunting prevalence, suggesting
that targeted interventions should focus on
enhancing maternal education and addressing
economic disparities. While access to clean
water did not show a significant impact in this
study, the findings underscore the need for
comprehensive  community-based approaches
that integrate nutrition education, maternal and
child healthcare services, and sanitation
improvements,  particularly  in  high-stunting
areas. Overall, the evidence reinforces the
importance of a holistic and muktidimensional
strategy in public health policies to effectively
combat stunting and improve child health
outcomes in Central Sulawesi.

Acknowledgment

We would like to express our sincere gratitude
to all parties who have contributed to the
success of this research. We also wish to thank
the local health authorities and researchers who
provided essential support throughout the data
collection and analysis process. Special thanks
go to the institutions and individuals who
provided funding, resources, and technical
expertise, without whose support this study
would not have been possible. Finally, we are
deeply grateful to our families and colleagues
for their encouragement and understanding
throughout this process.

References

1. Prendergast AJ, Humphrey JH. The
stunting syndrome in developing countries.
Paediatr Int Child Health.
2014;34(4):250-265.
doi:10.1179/2046905514Y.0000000158

2. Tamir TT, Gezhegn SA, Dagnew DT,

Adhar Arifuddin, Achmad Fauzan, Raden Bagus Fajriya Hakim...et.al : 504-516 513



Healthy Tadulako Journal (Jurnal Kesehatan Tadulako)/ Vol 11 No.3 July 2025

Mekonenne AT, Aweke GT, Lakew AM.
Prevalence of childhood stunting and
determinants in low and lower-middle
income African countries: Evidence from
standard demographic and health survey.
Kundu S, ed. PLOS ONE.
2024;19(4):¢0302212.

Prevalence of Stunting in Indonesia: An
Examination of the Health, Socioeconomic
Status, and Environmental Determinants. J
Iran Med Counc. Published online
November 24, 2024,
doi:10.18502/jimc.v8il1.17062

) i 9. Ejike CE, Uwadoka N, Igwe-Ogbonna N.
doir10.1371/journal.pone.0302212 Things seen and unseen: 1. Stunting and
3. Anastasia H, Hadju V, Hartono R, et al. overweight/obesity are predominant
Determinants of stunting in children under malnutrition  burdens of urban  poor
five years old in South Sulawesi and West Nigerian adolescents. Ann Glob Health.
Sulawesi  Province: 2013 and 2018 2024;90(1):64. doi:10.5334/aogh.4550
Indonesian Basic Health Survey. Cardoso 10. Kirby RS, Delmelle E, Eberth JM
MA’. .ed. PLOS ONE. Advances in spatial epidemiology and
20_23,18(5).e_0281962. geographic  information  systems.  Ann
doi:10.1371/journal.pone.0281962 Epidemiol 2017:27(1):1-9
4. Arifuddin A, Zuchdi D, Rosana D, et al. doi:10.1016/j.annepidem.2016.12.001
Strengthening of early children’s character 11. Asparian A, Wisudariani E, Syukri M,
education stunting children in Indonesia. J Putri CI. Spatial Autocorrelation Analysis
Ed_l_JC Hee}lth . Promot.  2023;12(1). to ldentify Hotspots of Stunting Cases in
doi10.4103/jehp.jehp_1857_22 Kerinci Regency. J Bidan Cerdas.
5. Nur AF, Suriati, Nur MJ, et al. The village 2024,6(1):1-10.
government’s communication model: A doi:10.33860/jbc.v611.3480
promotion strategy for stunting prevention 12. Chandran A, Roy P. Applications of
in Indonesia. Public Health Indones. geographical  information  system  and
20?3;9(4):186'1_96'_ spatial analysis in Indian health research: a
doi10.36685/phi.v914.719 systematic review. BMC Health Serv Res.
6. Astuti SJW, Suindyah Dwiningwarni S, 2024;24(1):1448. doi:10.1186/s12913-
Atmojo S.  Modeling  environmental 024-11837-9
!nteracthns a”‘?' collal:_)orlatlve 13. Tahangnacca M, Muntahaya F. Spatial
interventions for 9h'|dh90d stunting: A Pattern of Stunting on Children under Five
case from Indonesia. Dialogues Health. in  Indonesia 2019 ] Kesehat
2025;6:100206. REPRODUKGSI. 2023;13(1):47-55.
doi:10.1016/j.dialog.2025.100206 doi:10.58185/jkr.v13i1.36
’. Siramarle_er_at |, Astutk E, Agushybang _F’ 14. Pertiwi TS, Nurmalasari M, Qomarania
Bhumkittipich P, Lamprom W. Examining WZ, Supryatno A, Saputra Al, Salim A.
determinants O_f .stuntmg "_1 Urban an.d Autocorrelation Spatial Based on Specific
Rgral Indoresian: _a multievel analy_3|s Nutritional ~ Interventions  Achievement
usmg t_he population-based Indonesu;}n with Stunting Cases in Toddlers at Kendari
famiy life survey (IFLS). B'_VIC I_DUbI'C City Using Local Indicator of Spatial
He_z.alth. 2024;24(1)1371. Autocorrelation (LISA) Method. Public
doi-10.1186/s12889-024-18824-2 Health Indones.  2024:10(3):391-406.
8. Kustanto A, Rachmat O, Setyadi S. The doi:10.36685/phi.v10i3.834
514 Adhar Arifuddin, Achmad Fauzan, Raden Bagus Fajriva Hakim...et.al : 504-516



Healthy Tadulako Journal (Jurnal Kesehatan Tadulako)/ Vol 11 No.3 July 2025

15.

16.

17.

18.

19.

20.

21.

Kuse KA, Debeko DD. Spatial distribution
and determinants of stunting, wasting and
underweight in  children under-five in
Ethiopia. BMC Public Health.
2023;23(1):641. doi:10.1186/s12889-023-
15488-z

Hasdyna N, Dinata RK, Rahmi, Fajri TI.
Hybrid Machine Learning for Stunting
Prevalence: A Novel Comprehensive
Approach to Its Classification, Prediction,
and Clustering Optimization in Aceh,
Indonesia.  Informatics. 2024;11(4):89.
doi:10.3390/informatics11040089

Mason L, Hicks B, Almeida J.
Demystifying Spatial Dependence:
Interactive Visualizations for Interpreting
Local Spatial Autocorrelation. arXiv.
Preprint posted online August 5, 2024.
doi:10.48550/arXiv.2408.02418

Ayalew MM, Dessie ZG, Mitku AA,
Zewotir T. Exploring the spatial and
spatiotemporal patterns of severe food
insecurity across Africa (2015-2021). Sci
Rep. 2024;14(1):29846.
doi:10.1038/s41598-024-78616-8

Rahut DB, Mishra R, Bera S. Geospatial
and  environmental  determinants  of
stunting,  wasting, and  underweight:
Empirical evidence from rural South and
Southeast Asia. Nutrition.
2024;120:112346.
doi:10.1016/j.nut.2023.112346

Beal T, Tumilowicz A, Sutrisna A,
Izwardy D, Neufeld LM. A review of child
stunting  determinants in  INDONESIA.
Matern Child Nutr. 2018;14(4)e12617.
doi10.1111/mcn.12617

Wicaksono F, Harsanti T. Determinants of

Stunted  Children in  Indonesia: A
Multilevel Analysis at the Individual,
Household, and Community Levels.
Kesmas Natl Public Health J.

2020;15(1)48.

22.

23.

24,

25.

26.

217.

28.

29.

doi:10.21109/kesmas.v15i1.2771

Masit J, Malenje B, Imboga H. Spatial
Patterns and Risk Factors of Stunting
Among Under-five Children in Kenya: A
Multilevel and Spatial Analysis. Int J Data
Sci Anal. 2024;10(3):49-60.
doi:10.11648/j.ijdsa.20241003.12

Usman M, Kopczewska K. Spatial and
Machine Learning Approach to Model
Childhood Stunting in Pakistan: Role of
Socio-Economic and Environmental
Factors. Int J Environ Res Public Health.
2022;19(17):10967.
doi:10.3390/ijerph191710967

Roy TB, Das T, Das P, Das P. Analyzing
determinants from both compositional and
contextual level impeding desired linear
growth of children in Indian context. BMC
Nutr. 2023;9(1):69. doi:10.1186/s40795-
023-00725-w

ljonu UNS, Jaya IGNM, Arisanti R.
Spatially Varying Regression Coefficient
Model For Predicting Stunting Hotspots In
Indonesia. J Penelit Pendidik IPA.
2024;10(10):7748-7755.
doi:10.29303/jppipa.v10i10.8270

Salman HA, Kalakech A, Steiti A. Random
Forest Algorithm Overview. Babylon J
Mach Learn. 2024:2024:69-79.
doi:10.58496/BIML/2024/007

He L, Levine RA, Fan J, Beemer J,
Stronach J. Random Forest as a Predictive
Analytics Alternative to Regression in
Institutional Research. Pract Assess Res
Eval. 2018;23(1).
httpz//pareonline.net/getvn.asp?v=23&n=1

Aria M, Cuccurullo C, Gnasso A. A

comparison among interpretative
proposals for Random Forests. Mach
Learn Appl. 2021;6:100094.

doi:10.1016/j.mlwa.2021.100094

Benti NE, Chaka MD, Semie AG.

Adhar Arifuddin, Achmad Fauzan, Raden Bagus Fajriya Hakim...et.al : 504-516 515



Healthy Tadulako Journal (Jurnal Kesehatan Tadulako)/ Vol 11 No.3 July 2025

30.

31.

32.

33.

34.

35.

Forecasting Renewable Energy Generation
with Machine Learning and  Deep
Learning: Current Advances and Future
Prospects. Sustainability.
2023;15(9):7087.
doi:10.3390/su15097087

Reza AAR, Muhammad Syaifur Rohman,
Prediction ~ Stunting  Analysis  Using
Random Forest Algorithm and Random
Search Optimization. J Inform
Telecommun Eng. 2024;7(2):534-544.
doi:10.31289/jite.v7i2.10628

Pratama MohAE, Hendra S, Ngemba HR,
Nur R, Azhar R, Laila R. Comparison of
Machine Learning  Algorithms  for
Predicting  Stunting Prevalence in
Indonesia. J Sisfokom Sist Inf Dan Komput.
2024;13(2):200-209.
doi:10.32736/sisfokom.v13i2.2097

De Sanctis V, Soliman A, Alaaraj N,
Ahmed S, Alyafei F, Hamed N. Early and
Long-term Consequences of Nutritional
Stunting: From Childhood to Adulthood:
Early and Long-term Consequences of
Nutritional Stunting. Acta Bio Medica
Atenei Parm. 2021;92(1):11346.
doi:10.23750/abm.v92i1.11346

Arifuddin A, Prihatni Y, Setiawan A, et al.

Epidemiological Model of  Stunting
Determinants  in  Indonesia.  Healthy
Tadulako J J Kesehat Tadulako.

2023;9(2):224-234.
doi:10.22487/htj.v9i2.928

Nur AF, Arifuddin A. Scoring Predictor of
Stunting Based on The Epidemiological

Triad. Healthy Tadulako J J Kesehat
Tadulako. 2023;9(3):286-295.

Manggala AK, Kenwa KWM, Kenwa

36.

37.

38.

39.

40.

MML, Sakti AAGDPJ, Sawitri AAS. Risk
factors of stunting in children aged 24-59
months. Paediatr Indones.
2018;58(5):205-212.
doi:10.14238/pi58.5.2018.205-12

Siddiqui F, Salam RA, Lassi ZS, Das JK.
The Intertwined Relationship  Between
Malnutrition and Poverty. Front Public
Health. 2020;8:453.
doi:10.3389/fpubh.2020.00453

Laksono AD, lzza N, Trisnani T, et al
Determination of  appropriate  policy
targets to reduce the prevalence of stunting
in children under five years of age in
urban-poor communities in Indonesia: a
secondary data analysis of the 2022
Indonesian  national  nutritional  status
survey. BMJ Open. 2024;14(9):e089531.
doi:10.1136/bmjopen-2024-089531

Rusdi D RD, Syah N, Yuniarti E. The
Relationship Between Maternal Education
Level and Stunting: Literature Review. J
Penelit Pendidik IPA. 2024;10(10):704-
710. doi:10.29303/jppipa.v10i10.9495

Tampubolon AN, Ingtyas FT, Ginting L.
Influence of Mother’s Education Level on
Child Development: A  Meta-Analysis
Study. J Corner Educ Linguist Lit.
2024;4(001):130-136.
doi:10.54012/jcell.v4i001.369

Anik Al, Chowdhury MRK, Khan HTA,
Mondal MNI, Perera NKP, Kader M.
Urban-rural differences in the associated
factors of severe under-5  child
undernutrition based on the composite
index of severe anthropometric failure
(CISAF) in Bangladesh. BMC Public
Health. 2021;21(1):2147.
doi:10.1186/s12889-021-12038-3.

516

Adhar Arifuddin, Achmad Fauzan, Raden Bagus Fajriva Hakim...et.al : 504-516



