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Abstract

This study aims to propose a new mathematical model for transmitting stunting prevalence in children. This study
develops an initial model of stunting prevalence, namely the B.S.ID compartment model, which considers important

as,
a_; = Bp:S; —

S;yD dan Z—lt) = S;¥ — Du. This mathematical model will include the development of difference and differential

e . o . . .8
characteristics of stunting transmission. In this study, the resulting model is a—f =a — BB:S; — By,

equations to represent the transmission of stunting prevalence in real life, such as being able to describe the
development of stunting in the future. Authorities can use this new initial mathematical model as a prevention strategy
to reduce stunting prevalence. The extension of this study will include the application of the proposed BStID
mathematical model to stunting data in Indonesia.
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INTRODUCTION

Children are a valuable asset for a country's development and better future. Quality and superior
human resources will create a developed and strong country in various fields; therefore, child protection
must be carried out so children can grow and develop properly. One indicator of children's growing and
developing well is their nutritional status. The nutritional status of children depends on the amount of food
consumed; for this reason, it is necessary to have the ability to fulfill this.

The National Medium Term Development Plan (RPJMN) of 2020 — 2024 is an essential stage in the
2005-2025 National Long Term Development Plan (RPJPN) because it will affect the achievement of
development targets in the RPJPN. At that time, Indonesia's per capita income was estimated to have entered
the upper middle-income countries with better infrastructure, quality human resources, public services, and
people's welfare. Also, by the direction of the 2005-2025 RPJPN, the medium-term development goals for
2020-2024 are to realize an Indonesian society that is independent, advanced, just, and prosperous through
accelerated development in various fields with an emphasis on building solid infrastructure an economic
structure based on excellence competitive in various fields supported by quality and competitive human
resources.
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However, the reality is that the goals expected by the Indonesian government are not met. According
to WHO data, in 2020, 148.1 million, or 22.3 percent of children under 5, experienced stunting worldwide.
Based on the same data, Indonesian children, who are Indonesia's human resources, in 2020 had a stunting.

Prevalence of 31 percent, making Indonesia the second country with the highest stunting rate in
Southeast Asia. The highest country is East Leste with a percentage of 45.16 percent; the third country is
Laos with 30.2 percent, followed by Cambodia at 29.9 percent, the Philippines at 28.8 percent, Myanmar
at 24.1 percent, Malaysia at 21.9 percent, Vietnam at 19.3 percent, Brunei Darussalam at 12.7 percent,
Thailand at 11.8 percent. The last country is Singapore at 3 percent.
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Figure 1 Malnutrition category

Stunting is a disorder of the growth and development of children due to chronic malnutrition and
recurrent infections, characterized by the length or height being below standard, especially in the first 1,000
days of life. Stunting affects brain development, so the child's intelligence level is not optimal. This has the
risk of reducing productivity as an adult. Stunting also makes children more susceptible to disease. Stunted
children are at higher risk of suffering from chronic diseases in adulthood. Stunting and various forms of
nutritional problems are estimated to contribute to the loss of 2 % - 3% of the Gross Domestic Product
(GDP) each year. [1], [2], [3], [4].

Literature review research conducted by the author found that research on stunting only discusses
the factors causing stunting. For example, Log-binomial regression estimates relative risk (RR) with a 95%
confidence interval. [5]. The logistic regression method determines the factors causing stunting in a country.
The research design used is cross-sectional, which measures several variables at once [6], [7], [8], [9], [10],
[11],[12], [13]. So, it can be concluded that no researchers have modeled stunting.

Because of the many risks that the government will face due to stunting, there is no stunting model
that has been created. So, the author tries to mathematically describe the problem of stunting by modeling
it. A mathematical model represents a phenomenon, system, or process in the form of equations, functions,
or other mathematical rules. The purpose of a mathematical model is to understand, predict, or describe the
behavior or characteristics of an observed phenomenon. A mathematical model is a relationship between
several compartments in a problem and is formulated in a mathematical equation containing several of these
components as variables. [14]. In other literature, a mathematical model is the relationship between
components in a problem formulated in a mathematical equation containing the components as variables.
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The process of obtaining a model of a problem is called mathematical modeling. [15].

Mathematical models can be used in various fields, including physics, biology, economics,
engineering, and computer science. In this context, they analyze and understand the relationships between
the variables involved and predict outcomes or changes in the system. Also, mathematical models can help
us understand the development of the number of infectious and non-communicable disease sufferers. [16].
Compartmental models are a type of mathematical modeling. [16], [17].

The compartment model is also called the box model, a natural process model. [18]. The
compartmental model is a model of the spread of infectious diseases. However, the development of
compartmental models is beyond limits at this time. The development of compartmental models in the social
field can be seen from the dynamics of the spread of rumors, which can be discussed from a mathematical
perspective by assuming rumors are a disease that can spread. [17]. The development of compartmental
models in the health sector for non-communicable diseases is the spread of diabetes mellitus. Diabetes
Mellitus is a genetic disease and is also caused by an unhealthy lifestyle. [16], [19], [20], [21], [22].
Likewise, stunting is not an infectious disease. If we compare the habits that cause stunting, the spread
mechanism is the same as the spread of contagious diseases. [23]. These include habits or behaviors
involving poor eating and parenting patterns for babies, habits that do not maintain a clean environment,
and behaviors that do not make it a habit to take the baby to health care to see its growth and development.
The three habits above are behaviors or habits whose spread can be the same as the spread of infectious
diseases.

This research aims to build a new compartment model and introduce it as a representation of the
stunting prevalence model. This compartmental model is expected to comprehensively describe stunting so
the government can optimally overcome it.

METHODS

The first step in modeling stunting prevention is to build a model using a system of differential
equations. A system of differential equations contains the derivatives of one or more dependent variables
on one or more independent variables. [14], [24], [25]. The following is the general form of a system of
first-order equations,

dx;

E = fl(t' X1,X2, ---,xn) (11)
dx,
a2 = txnxg ) (1.2)
dx,
W = fn(t: X1, X2y ey xn) (13)

Where x4, X5, ..., X,, are independent variables, and ¢ is the dependent variable, then x; = x;(t), x, =
dxy . . . . .
X5 (), v, Xy = X5 (), % is a derivative of the function x; on ¢ and f; is a function that depends on the

variables x4, X5, ..., X, and t.

A Mathematical model is an approach to a real problem with a mathematical formula. A
mathematical model is the relationship between components in a problem, formulated in a mathematical
equation containing the components as variables. Mathematical models that describe the spread of disease
are known as compartmental models. One example of a compartmental model that describes the process of
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disease spread is the susceptible infected recovered SIR model. According to Kermack and McKendrick
(1927), in this model, the population is divided into three compartments, namely:

1. Susceptible (S), namely individual compartments that do not yet have the disease but have the potential
to develop the disease after coming into contact with the infected.

2. Infected (I), namely the individual compartment that is infected and can transmit the disease to other
individuals,

3. Recovered (R), the individual compartment attacked by the disease, becomes cured and cannot be re-
infected.

The parameters § and y are assumed to be non-negative constants. Parameters are estimated numerically
using the obtained data. [26], [27]. The stunting prevalence data used is secondary data. This data was
obtained from the Ministry of Health of the Republic of Indonesia, the West Sumatra Health Office, and the
Central Statistics Agency. The SIR model can be formulated in the differential equation as follows:

s psI 4
at N 44

oI _psi__ s
aR— I 1.6

The assumption given in the model above is that the population average for transmitting the infection to
others is % Per unit time, where N represents the total population size, N =S + [ + R [28]. Infection

population compartments will flow or leave infection at a yI Rate per unit of time. There is no increase in
population except through deaths from disease.

RESULTS AND DISCUSSION

In this study, researchers focused on the mathematical model of stunting prevalence without
intervention, meaning it is not influenced biologically, for example breastfeeding, complete immunization
and clean sanitation environment. This compartment model was chosen to describe stunting because the
compartments represent the variables and parameters that influence stunting. The process of movement
between compartments describes movement between defined populations.

The model developed is newborn (0 months) — stunting (0 months to 59 months) — disease infection
(above 59 months) called the model (B.S;D). This compartment model is a stunting model in children aged
0 months to 59 months without intervention so that at the age of more than 59 months, the toddler will be
infected with disease, cognitive decline, and abnormal height. This happens because the optimal stunting
healing occurs during the first 1000 days of life (Ministry of Health).

So, the compartments formed consist of three, namely newborns (B) and stunted toddlers aged 0
months to 59 months. (S;). And stunted toddlers aged over 59 months who are affected by stunting (D).
And a is the birth rate, p is the mortality rate, §; is the stunting prevalence rate, v is the stunting prevalence
rate that has an impact. The model is formulated with the following assumptions:
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1. The population size in the compartment model is constant
2. There are demographic effects, namely births and deaths
3. Each newly born individual will immediately enter the baby population.

This model can be shown in the image below;

v
=
e
A\ 4
=)

- | - |

Figure 2 The BS,D Model Diagram

Figure 2 above illustrates a compartment diagram from B to S_t to D. Each arrow pointing into the
compartment represents a positive number in the equation, while the arrow pointing out of the compartment
represents a negative number. Still from Figure 2, the movement from one compartment to another can be
explained as follows: in equation 1.7, the birth rate is reduced by the number of newborns vulnerable to
stunting aged 0 months, multiplied by the stunting prevalence rate multiplied by the number of stunted
toddlers aged 0 months to 59 months, then reduced by the number of toddlers vulnerable to stunting aged 0
months to 59 months multiplied by the death rate.

The number of newborns vulnerable to stunting aged 0 months multiplied by the stunting prevalence
rate multiplied by the number of stunted toddlers aged 0 months to 59 months minus the number of stunted
toddlers aged 0 months to 59 months multiplied by the stunting prevalence rate that has an impact multiplied
by the population of toddlers affected by stunting is stated in equation 1.8.

In equation 1.9, the population of stunted toddlers is multiplied by the prevalence rate of stunting that has
an impact minus the population of stunted toddlers that has an effect multiplied by the death rate. With
three differential equations as follows,

0B
2S
a_tt = BB¢S¢ — SeyD (1.8)
oD =S D 1.9

with the initial conditions B(0) > 0,5,(0) > 0, and D(0) > 0. To calculate the number of individuals in
each compartment class or population class, the number of individuals at a time t is expressed as B(t), S (t)
and D(t). So, the total population at the time t, namely N(t), can be calculated;
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N(t) = B(t) + S:(t) + D(t)

All parameters a, u, 8¢, and y are assumed to be non-negative constants. An additional assumption
from the development of the compartment model is that the baby population (B) will increase due to the
birth rate and decrease due to the death rate.

After the model is obtained, in the following study, we will simulate the model using secondary data
obtained.

From the Ministry of Health of the Republic of Indonesia, the West Sumatra Health Service, and the Central
Statistics Agency. Next, we will compare secondary data with estimated data using the MAPE (Mean
Absolute Percentage Error) method. MAPE is calculated to determine the model error so that the model is
valid and accurate.

CONCLUSION

Three models were formed to describe the prevalence of stunting without intervention. These models are
expected to help the government reduce the prevalence of stunting. This model will describe the growth of
stunting if intervention is not carried out by the government. For further research, the author will conduct
simulations on the compartment model using stunting prevalence data obtained from the Ministry of Health
of the Republic of Indonesia, the West Sumatra Health Office, and the Central Statistics Agency so that the
validity and accuracy of the model can be known.

REFERENCES

[1]  P.D.T.dan T. Kementerian Desa, Buku Saku Desa dalam Penanganan Stunting. 2017.

[2] Sekretaris Pelaksanaan Percepatan Penurunan Stunting, Buku-Saku-Indikator 2022. 2022.

[3] K. P. Mukti and M. Khozin, “Evaluasi Program Penanggulangan Stunting di Kalurahan
Pandowoharjo Kabupaten Sleman,” TheJournalish : Social and Government, vol. 4, no. 1, 2023, doi:
10.55314/tsg.v4i1.313.

[4] D. Satrinabilla Armawan, H. Syarif Hidayatuloh, C. Tresnasari, and S. Dharmmika, “Scoping
Review: Hubungan Prematur dengan Kejadian Stunting pada Anak Usia di Bawah 5 Tahun,” in
Bandung Conference Series : Medical Science, 2022, pp. 664—671. doi: 10.29313/bcsms.v2i1.1313.

[5] L. M. Jaacks et al., “Association of prenatal pesticide exposures with adverse pregnancy outcomes
and stunting in rural Bangladesh,” Environ Int, vol. 133, Dec. 2019, doi:
10.1016/j.envint.2019.105243.

[6] R. Akram, M. Sultana, N. Ali, N. Sheikh, and A. R. Sarker, “Prevalence and Determinants of
Stunting Among Preschool Children and Its Urban-Rural Disparities in Bangladesh,” Food Nutr Bull,
vol. 39, no. 4, pp. 521-535, Dec. 2018, doi: 10.1177/0379572118794770.

[7] K. Berhe, O. Seid, Y. Gebremariam, A. Berhe, and N. Etsay, “Risk factors of stunting (chronic
undernutrition) of children aged 6 to 24 months in Mekelle City, Tigray Region, North Ethiopia: An
unmatched case-control study,” PLoS One, vol. 14, no. 6, Jun. 2019, doi:

14



EDUCATUM JSMT Vol. 12 SPECIAL ISSUE (2025)
ISSN 2289-7070 / e-ISSN 2462-2451(9-16)
https://ejournal.upsi.edu.my/index.php/EJSMT/index

[8]

[9]

[10]

[11]

[16]

[17]

[18]

[19]

10.1371/journal.pone.0217736.

L. Chirande et al., “Determinants of stunting and severe stunting among under-fives in Tanzania:
Evidence from the 2010 cross-sectional household survey,” BMC Pediatr, vol. 15, no. 1, Oct. 2015,
doi: 10.1186/s12887-015-0482-9.

K. Fantay Gebru, W. Mekonnen Haileselassie, A. Haftom Temesgen, A. Oumer Seid, and B.
Afework Mulugeta, “Determinants of stunting among under-five children in Ethiopia: A multilevel
mixed-effects analysis of 2016 Ethiopian demographic and health survey data,” Jun. 01, 2019,
BioMed Central Ltd. doi: 10.1186/s12887-019-1545-0.

D. Haile, M. Azage, T. Mola, and R. Rainey, “Exploring spatial variations and factors associated with
childhood stunting in Ethiopia: Spatial and multilevel analysis,” BMC Pediatr, vol. 16, no. 1, Apr.
2016, doi: 10.1186/s12887-016-0587-9.

N. Ikeda, Y. Irie, and K. Shibuya, “Factores determinantes en la disminucion del retraso en el
crecimiento en nifios de Camboya: Andlisis de los datos obtenidos de tres encuestas demograficas y
de salud,” Bull World Health Organ, vol. 91, no. 5, pp. 341-349, May 2013, doi:
10.2471/BLT.12.113381.

D. A. Larsen, T. Grisham, E. Slawsky, and L. Narine, “An individual-level meta-analysis assessing
the impact of community-level sanitation access on child stunting, anemia, and diarrhea: Evidence
from DHS and MICS surveys,” PLoS Negl Trop Dis, vol. 11, no. 6, Jun. 2017, doi:
10.1371/journal.pntd.0005591.

A. Nshimyiryo et al., “Risk factors for stunting among children under five years: A cross-sectional
population-based study in Rwanda using the 2015 Demographic and Health Survey,” BMC Public
Health, vol. 19, no. 1, Feb. 2019, doi: 10.1186/s12889-019-6504-z.

A. P. Indah and Di. A. Maulana, “Model Dinamika Kecanduan Media Sosial : Studi Kasus
Kecanduan TIKTOK pada Mahasiswa FMIPA UNESA,” Jurnal Ilmiah Matematika, vol. 10, no. 01,
pp. 131-139, 2022.

N. Aulia, M. Kharis, and Supriyono, “Pemodelan Matematika Epidemi Influenza dengan
Memperhatikan Peluang Keberhasilan Vaksinasi dan Kekebalan Tetap,” UJM, vol. 5, no. 2, 2016,
[Online]. Available: http://journal.unnes.ac.id/sju/index.php/ujm

M. Effendi, B. Prihandono, and N. Kusumastuti, “Pemodelan Matematika dan Analisis Kestabilan
Lokal pada Perubahan Populasi Penderita Diabetes Melitus,” Buletin Ilmiah Mat. Stat. dan
Terapannya (Bimaster), vol. 04, no. 3, pp. 135-142, 2015.

N. Izzati and S. Kaaffah, “Peran Tabayyun sebagai Cerminan Sikap Kaum Mukminin dalam Model
Matematika Penyebaran Rumor Melalui Jejaring Sosial Daring,” Jurnal Al-1’jaz, vol. 2, no. 2, pp.
77-98, 2020, [Online]. Available: http://zekr.org

E. Eriksson, “Compartment Models and Reservoir Theory COMPARTMENT MODELS AND
RESERVOIR 4018 THEORY,” 1971.

I. M. Al Ashari, P. Arditama, K. Khoirunnisa, and M. Kharis, “Permodelan Matematika Diabetes
Melitus Tipe 2 Akibat Obesitas karena Makanan dan Inaktivitas Fisik,” NUCLEUS, vol. 2, no. 1, pp.
23-32, May 2021, doi: 10.37010/nuc.v2i1.259.

E. Dodi Suryanto, P. Studi Teknik Informatika Politeknik Aceh Selatan J1 Merdeka, K. Reklamasi
Pantai, and A. Selatan, “Mathematical Modeling of Seir Type to Controlling Diabetes Mellitus
Disease Using Insulin,” Jurnal Inotera, vol. 2, no. 2, 2017.

Muh. Irwan, Irwan, and Jusrawati, “Model Matematika Penyakit Diabetes Melitus,” Jurnal VARIAN,
vol. 2, no. 2, pp. 68-72, 2019.

K. Kaya and D. Ekawati, “Model Matematika pada Penyakit Diabetes Melitus dengan Faktor Genetik
dan Faktor Sosial,” JOMTA Journal of Mathematics: Theory and Applications, vol. 3, no. 1, 2021.
T. Li and Y. Guo, “Stability and optimal control in a mathematical model of online game addiction,”
Filomat, vol. 33, no. 17, pp. 5691-5711, 2019, doi: 10.2298/FIL1917691L.

L. A. Fauzia, “Analisis Pemodelan Matematika Penularan Covid-19 dengan Tindakan Rawat Inap di
Rumah Sakit,” Jurnal llmiah Matematika, vol. 09, no. 01, pp. 126132, 2021.

15



The BStID Mathematical Model for Prevalence of Stunting

[25] M. Fosnari¢, T. Kamensek, J. Zganec Gros, and J. Zibert, “Extended compartmental model for
modeling COVID-19 epidemic in Slovenia,” Sci Rep, vol. 12, no. 1, Dec. 2022, doi: 10.1038/s41598-
022-21612-7.

[26] M. Ulfa and Sugiyanto, “Model Matematika Untuk Kontrol Campak Menggunakan Vaksinasi
Maesaroh Ulfa dan Sugiyanto,” Yogyakarta, Oct. 2013. [Online]. Available: www.fourier.or.id

[27] D. Prodanov, “Analytical parameter estimation of the SIR epidemic model. Applications to the
COVID-19 pandemic,” Entropy, vol. 23, no. 59, pp. 1-20, Dec. 2020, doi: 10.3390/e23010059.

[28] B. Yong and N. A. Samat, “The SIR political fanaticism figure voters model for estimating the
number of votes in Indonesian presidential elections,” Model Assisted Statistics and Applications,
vol. 13, no. 3, pp. 279-286, 2018, doi: 10.3233/MAS-180434.

16



