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Abstract
Background  Adaptive and innovative technologies to prevent stunting are being developed continuously in various 
countries. This study aimed to develop and evaluate the accuracy of a stunting risk detection application based on 
nutrition and sanitation indicators in children aged under five years.

Methods  This cross-sectional study was conducted between June and September 2023 and involved 316 mother-
child pairs selected by simple random sampling from urban (n = 244) and rural (n = 72) areas in Bogor, West Java 
Province, Indonesia. An application was developed to detect stunting risk based on 25 indicators: eight indicators of 
maternal and child characteristics, eight nutrition indicators, and nine indicators of personal hygiene and sanitation. 
The nutrition and sanitation indicators were determined according to the World Health Organization conceptual 
framework for stunting. The accuracy of the stunting prediction model was analyzed using the Area Under Curve 
(AUC) and the Receiver Operating Characteristics (ROC) Curve method.

Results  Of the 316 included children, 29.5% were stunting. The developed stunting risk detection application 
exhibited good sensitivity (88.3%) and specificity (83.3%). It accurately detected children at risk of stunting with an 
AUC of 89.6%. In urban areas, eight indicators were significantly predictive of stunting: mother’s height, child’s age, 
exclusive breastfeeding, frequency of protein consumption, balanced diet, washing hands with soap, availability of 
complete room functions in the house, and good household waste management. In rural areas, eight indicators were 
significantly predictive of stunting: mother’s height, history of infectious disease, early initiation of breastfeeding, 
frequency of protein consumption, complementary feeding, washing hands with soap, availability of safe food 
storage, and availability of clean water sources for drinking. Mother’s height was the dominant factor in predicting 
stunting in urban (adjusted odds ratio [aOR] = 3.321, 95% confidence interval [CI] = 1.202–3.051, p = 0.006) and rural 
(aOR = 3.927, 95% CI = 1.132–4.281, p = 0.001).

Conclusion  The developed application exhibited good accuracy and quickly assessed the risk of stunting in 
children, enabling it to provide appropriate recommendations to prevent stunting. However, it must be improved by 
simplifying the number of included indicators and re-testing on a broader scale.
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Introduction
Stunting during childhood is the most significant obsta-
cle to human development globally. Stunting refers to the 
impaired growth and development that children experi-
ence due to poor nutrition, repeated infection, and inad-
equate psychosocial stimulation. The 2006 World Health 
Organization (WHO) growth standards define stunting 
in children aged < 5 years as a height below the age-based 
average according to the WHO Multicentre Growth 
Reference Study [1, 2]. The long-term consequences of 
stunting are decreased physical growth, low educational 
attainment, increased risk of degenerative diseases, 
decreased labor productivity, and state income [1, 3]. 
Therefore, reducing the prevalence of stunting is one of 
the main agendas for global health development, includ-
ing in Indonesia [4].

The 2022 Indonesian Nutrition Status Study reported 
that the prevalence of stunting has decreased gradually 
by 2.9% from 2021 (24.4%) to 2023 (21.5%) [5]. However, 
this decrease is below the government’s annual target of 
3.8% per year to achieve the national target [5]. Previ-
ous studies have shown that the prevalence of stunting 
remains high in urban and rural areas of Indonesia [6, 7, 
8, 9]. In 2018, Indonesian Basic Health Research showed 
that the prevalence of stunting in Indonesia was higher in 
rural (34.9%) than in urban (27.3%) areas [10].

One province that still has a high prevalence of stunt-
ing is West Java. The prevalence of stunting in urban 
areas (Bogor City) increased by 1.8% from 2021 (16.9%) 
to 2022 (18.7%). In contrast, the prevalence of stunting in 
rural areas (Bogor District) decreased by 3.7% from 2021 
(28.6%) to 2022 (24.9%) [5]. Nonetheless, this prevalence 
is considered high based on the cut-offs for public health 
significance set by the WHO (20% to < 30%) [11]. Mau-
ludyani and Khomsan also reported that the prevalence 
of stunting in urban (30%) and rural (33%) areas of West 
Java Province exceeded 30% in 2022 [12]. Previous stud-
ies have shown differences in the risk of stunting in the 
two areas due to differences in sociodemographic charac-
teristics, health facility services, sanitation facilities, and 
information technology use [12, 13].

Previous studies have shown that the main predictors 
of stunting include mother-child, nutritional, and sani-
tation factors [6, 14, 15, 16, 17, 18]. Previous studies in 
Indonesia detecting stunting risk using Android appli-
cations have generally not measured sanitation factors 
optimally. While several ministries/institutions have 
developed applications related to stunting prevention, 
measurements focus on maternal health conditions and 
monitoring child growth. The National Population and 
Family Planning Agency has developed an application 
called Electronic Ready for Marriage and Pregnancy 
since 2022. It is used to identify prospective brides and 
grooms at risk of having stunted children. Stunting risk 

is detected based on age, nutritional status, and smoking 
behavior [19]. Three other ministries have also developed 
stunting prevention applications. The Ministry of Com-
munication and Information has created the Healthy 
Children application to help monitor pregnancy and chil-
dren’s growth and development from birth to two years 
of age. In addition, the Ministry of Health created an 
e-community Nutrition Recording and Reporting appli-
cation to monitor children’s nutritional development [20]. 
Moreover, the Ministry of Villages created the e-Human 
Development Worker (e-HDW) application, a data col-
lection, monitoring, recording, and reporting tool for 
targeted households to prevent stunting in villages [19]. 
Another stunting prevention application in Indonesia is 
the Nutrition Monitoring (Nutrimo) application devel-
oped by Permana et al. in 2021 in Tangerang City, Banten 
Province, which is used to help monitor nutritional status 
through anthropometric data [21].

In 2022, Elisanti et al. also developed an applica-
tion system with a microcontroller and an embedded 
Android-based Arduino device to detect stunting early 
using the waterfall method [22]. In 2023, Nurisna et al. 
developed an Android-based application (Nosting) for 
detecting stunting early and screening growth and devel-
opment in children aged 12–24 months with an effective-
ness rate of 89% [23]. Furthermore, in 2024, Muflihatin 
et al. developed a smart application system for detecting 
stunting early based on anthropometric standards to help 
identify stunting in the community [24]. However, these 
applications have not included personal hygiene and san-
itation factors as predictors of stunting.

Personal hygiene factors, especially washing hands with 
soap, and sanitation factors are important predictors of 
stunting. Unsanitary conditions are associated with the 
transmission of fecal-oral pathogens, such as recurrent 
diarrhea and environmental enteric dysfunction, and 
other infectious diseases, such as respiratory tract infec-
tions, which can inhibit child growth and lead to stunting 
[25, 26, 27]. Therefore, applications that can detect stunt-
ing by comprehensively measuring the main predictors 
are still needed, including mother-child characteristics, 
nutritional indicators, and sanitation indicators.

Stunting can be effectively prevented through accu-
rate detection. The existing applications to detect stunt-
ing risk have proven effective in the early detection and 
prevention of stunting. They have shown relatively good 
accuracy and reasonably good sensitivity and specificity 
of > 70%. However, both values are not equivalent, with 
the sensitivity lower than the specificity or vice versa 
[14, 15, 16]. Early detection of stunting based on nutri-
tion and sanitation indicators, which integrate both spe-
cific and sensitive interventions. Specific interventions, 
including nutrition indicators, focus on the direct causes 
of stunting. Meanwhile, sensitive interventions, which 
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include sanitation indicators, address the indirect causes. 
Approximately 70% of success in overcoming stunt-
ing issues comes from sensitive interventions including 
those related to sanitation indicators, compared to 30% 
from specific interventions related to nutrition. Success-
ful implementation also requires political commitment, 
cross-sector involvement, and the capacity to execute 
these interventions effectively [28].

This study develops a stunting risk detection appli-
cation based on nutrition and sanitation indicators in 
children aged < 5 years, distinguishing it from exist-
ing applications, and evaluates its accuracy. It exhibits 
good accuracy and almost equivalent sensitivity and 
specificity > 80%. In addition, the indicators used by this 
application to detect stunting are more comprehensive, 
consisting of mother-child characteristics, nutrition 
indicators, and sanitation indicators. Nonetheless, fur-
ther studies comparing the accuracy of various stunting 
detection applications developed in Indonesia are still 
needed. This study’s application can facilitate data col-
lection and analysis, recommending fast and appropriate 
interventions, monitoring and evaluation, and creating 
and improving policies to reduce the prevalence of stunt-
ing [16, 17].

Methods
Study area and stages
This study was conducted in urban (Bogor City) and rural 
(Bogor District) areas in West Java, Indonesia, between 
June and September 2023. Bogor City and Bogor District 
border one another, with a distance between govern-
ment centers of 10–15  km and a travel time of around 
40–60  min. These two areas are relatively close to the 
country’s capital (50–60 km), the Special Capital Region 
of Jakarta. This study defined urban (Bogor City) and 
rural (Bogor District) areas according to the criteria 
in the Regulation of the Head of the Central Statistics 
Agency Number 37 of 2010 concerning Urban and Rural 
Classification in Indonesia, including population density, 
percentage of agricultural households, and the existence/
access to urban facilities owned by a village/subdistrict 
[29].

The consideration for using these two areas is that the 
prevalence of stunting is still relatively high in both areas 
and does not meet the national target: 18.7% in Bogor 
City and 24.9% in Bogor District in 2022. Indeed, in 
Bogor City, the prevalence of stunting increased by 1.8% 
from 2021 to 2022 [5]. However, in 2023 the prevalence 
of stunting in Bogor City decreased slightly to 18.2%, 
while in Bogor Regency it increased quite high to 27.6% 
where the stunting rate in Bogor Regency ranked highest 
among other regions in West Java Province [6].

Specific issues related to stunting in both areas, 
although relatively close, there are regional disparities 

and differences in sociodemographic characteristics. 
Bogor City, which is an urban area with population char-
acteristics mainly mothers, has a better level of edu-
cation, knowledge, income, access to health services, 
nutrition, and sanitation compared to Bogor Regency 
(rural area). Meanwhile, Bogor Regency has a larger 
area, but in this area, there are still many rural areas 
with remote locations that have limited infrastructure 
and have a direct impact on the fulfillment of children’s 
nutrition and monitoring of growth and development by 
health workers. Bogor City/Regency is one of the prior-
ity locations for stunting reduction acceleration interven-
tion by the central government. These two areas include 
districts/cities that the central government has selected 
to be stunting intervention loci: eight sub-districts have 
been identified as stunting loci in the urban area (Bogor 
City), and 10 villages have been identified as stunting 
loci in the rural area (Bogor District). Thus, Bogor City/
Regency is a strategic and relevant location for stunting 
research, especially in conducting early detection efforts 
for stunting risks based on Android applications.

Design and samples
A cross-sectional study was conducted to detect the risk 
of stunting using applications based on nutrition and 
sanitation indicators in urban (Bogor City) and rural 
(Bogor District) areas in West Java Province, Indonesia. 
Its target population was mother-child pairs (children 
aged 0–59 months) living in urban (Bogor City) and rural 
(Bogor Regency) areas in West Java Province, Indone-
sia. Mother-child pairs from the sample units who met 
the inclusion and exclusion criteria were enrolled in this 
study.

Inclusion and exclusion criteria
The inclusion criteria for mother-child pairs were moth-
ers with children aged 0–59 months who had lived in a 
sub-district/village in the study location for at least six 
months. The specified time was intended to ensure that 
participants had been exposed to the lifestyle where 
they lived (urban/rural) and adapted to the sociodemo-
graphic environmental conditions in each area. The other 
inclusion criteria were that the mother had and used an 
Android smartphone so she could download and com-
plete the stunting risk detection application. The exclu-
sion criteria were mothers who had children with serious 
illnesses or congenital disabilities that would affect their 
nutritional and health conditions.

Sample size determination
The required sample size was estimated using the two-
sample test of proportions with a two-sided alternative 
hypothesis (Eq.  1) and the following assumptions: 5% 
significance level, 90% power, P1 and P2 values obtained 
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from previous studies (64.3% of stunted children were 
exposed to risk factors, and 34.7% of stunted children 
were not exposed to risk factors) 28, and 10% contin-
gency for loss to follow-up. Therefore, the minimum 
sample size was estimated as 65 mother-child pairs in 
each area, giving a total sample size of 130 mother-child 
pairs. This study included 316 mother-child pairs from 
urban (n = 244) and rural (n = 72) areas.

	
n =

{Z1−α/2
√

P1(1 − P0) + Z1−β

√
P2(1 − Pa)}

2

(P1 − P2)2 � (1)

Sampling technique and procedure
This study examined two areas with different character-
istics, an urban area (Bogor City) and a rural area (Bogor 
District), allowing the application’s usage to be compared 
between them. It selected 316 mother-child pairs as par-
ticipants using the simple random sampling (SRS) tech-
nique. Each individual in the population had an equal 
chance of being selected, ensuring that the sample was 
representative of the population. In implementing the 
SRS technique, a sampling frame was created from com-
munity health centers, ensuring no duplications, with 
each member only registered once. A minimum sample 
size was estimated using a two-sample test of proportions 
with a two-sided alternative hypothesis, with samples 
taken from two areas (urban and rural). During sample 
selection, randomization was conducted using Microsoft 
Excel. Next, data was collected from the sample units 
(community health centers) according to the number of 
samples that must be obtained. Three community health 
centers were selected for the urban (Bogor City) and 
rural (Bogor District) areas (six community health cen-
ters in total).

As public health services, community health centers 
in urban (Bogor City) and rural (Bogor District) areas 
were selected based on stunting loci in each area. Each 
selected community health center had at least one sub-
district/village designated as a stunting locus within its 
work area. In the urban area (Bogor City), three commu-
nity health centers with a total of five sub-districts were 
selected as stunting loci (a total of five stunting loci): two 
with two stunting loci and one with one stunting locus. 
The number of stunting loci was greater in the urban 
area than in the rural area. This consideration was based 
on the stunting rate in the urban area, which showed an 
increase from 2021 to 2022. In addition, an initial study 
obtained data on the number of mothers with Android 
smartphones in urban compared to rural areas. Internet 
access is also better in urban than in rural areas. More-
over, mothers’ ability to perform Android functions was 
better in urban than in rural areas.

In the rural area (Bogor District), three community 
health centers were also selected, each with one village 
selected as a stunting locus (a total of three stunting 
loci). Within the five stunting loci in the urban area and 
three stunting loci in the rural area, there were 347 and 
168 mother-child pairs, respectively, who were eligible to 
participate. Of these, 244 mother-child pairs in the urban 
area (49 from four sub-districts and 48 from one sub-dis-
trict) and 72 mother-child pairs in the rural area (24 from 
each village) met the eligibility criteria (Fig. 1).

Stunting detection information system application based 
on nutrition and sanitation indicators
Application development, data collection, and 
measurements
This study developed a stunting prevention informa-
tion technology system based on nutrition and sanita-
tion indicators, Si Centing Sazi (in Indonesian), which 
is an extension of Sistem Informasi Pencegahan Stunt-
ing Berdasarkan Indikator Sanitasi dan Gizi (Stunting 
Prevention Information System based on Sanitation and 
Nutrition Indicators). This application was developed 
by an informatics engineering graduate with experience 
creating applications in the health sector. This Android-
based application can be accessed freely on Android 
smartphones through the Google Play Store. Its mini-
mum specifications are Android operating system ver-
sion 4.1.1 (Jelly Bean) or above, 2 GB RAM, Quad-core 
1.6  GHz Cortex-A9 processor or above, 8 MP camera, 
15.7  MB of storage space, and a screen resolution of 
720 × 1280 to 2560 × 1600 pixels.

This application was developed using the waterfall 
software development method, known as the software 
development life cycle (SDLC), which comprises five 
systematic and sequential stages: assessment of require-
ments, design, implementation, testing, deployment, and 
maintenance [21].

Study stages and data collection
The study stages followed the SDLC:

1)	 Assessment of Requirements: This stage analyzes 
problems in detecting the risk of stunting and 
the required features. It was conducted to record 
problems that often occur when detecting stunting. 
User needs were identified through focus group 
discussions with mother-child pairs, stakeholders in 
the health sector (heads of health services, heads of 
community health centers, nutrition workers, and 
sanitarians), government officials (district heads and 
village heads), and integrated service post cadres. 
Based on the identified requirements, stunting 
is generally detected based on anthropometric 
measurements but not other main predictors, 
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especially sanitation indicators, which contribute to 
determining the health status of children aged < 5 
years. Based on the identified problems, a mobile 
application must be developed to detect stunting 
based on more comprehensive predictors, such as 
nutrition and sanitation indicators, to ensure high 
accuracy.

Fundamentally, the 2016 WHO conceptual framework 
for stunting identified nutrition and sanitation indica-
tors as risk factors for stunting, which occurs due to the 

combined effects of poor nutrition, repeated infection, 
and inadequate psychosocial stimulation. In addition, 
contextual risk factors for stunting include the health and 
healthcare system; education; society and culture; agri-
culture and food systems; and water, sanitation, and envi-
ronment. Therefore, nutrition and sanitation factors are 
strongly and closely linked to stunting [30].

The mother-child characteristics were assessed using 
the 2023 Indonesia Health Survey conducted by the Min-
istry of Health of the Republic of Indonesia, which can 
be accessed freely [9]. The nutrition indicators reflect 

Fig. 1  Sampling procedure of mother-child pairs. SRS = Simple Random Sampling
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the principles of implementing balanced nutrition. The 
sanitation indicators were based on the 2023 Indonesia 
Health Survey and the Decree of the Minister of Health 
of the Republic of Indonesia Number 829/MENKES/SK/
VII/1999 concerning housing health requirements. Regu-
lations regarding housing health requirements are also 
outlined in the Regulation of the Minister of Health of 
the Republic of Indonesia Number 2 of 2023 concerning 
the Implementing Regulation of Government Regulation 
Number 66 of 2014 concerning Environmental Health.

Home thermal comfort was measured using environ-
mental meters, including air quality, temperature, air 
humidity, air exchange, noise, CO2 gas concentration, 
SO2 gas concentration, and CO gas concentration, in the 
early stages of this study (the previous year). These mea-
surements were not conducted for all children but were 
limited to stunted children due to the limited availability 
of the equipment. The thermal comfort measurements 
were not included in the binary logistic modeling analysis 
due to the limited data. In addition, the application used 
to detect stunting cannot yet measure thermal comfort.

Therefore, based on scientific references and previ-
ous studies, in the initial stages of this study, 86 question 
items were prepared to obtain predictors related to the 
incidence of stunting [7, 31]. The 86 indicators can be 
classified into three groups: mother-child characteristics 
(24 indicators), nutrition (32 indicators), and personal 
hygiene and sanitation in the home environment (30 
indicators). Furthermore, in the multiple logistic regres-
sion analysis of the 86 indicators, 25 were significantly 
associated with the incidence of stunting. Of the 86 indi-
cators used to detect stunting, a selection process was 
conducted using statistical tools, particularly during the 
candidate selection phase of the multiple logistic regres-
sion analysis. Of the 86 indicators, 30 did not meet the 
necessary criteria at this stage (p-value > 0.25). This group 
included 8 out of 24 indicators related to mother-child 
characteristics, 10 out of 32 nutrition indicators, and 12 
out of 30 indicators of personal hygiene and home envi-
ronmental sanitation. As a result, these 30 indicators 
were not included in the first modeling in the multiple 
logistic regression analysis.

One reason these variables did not advance in the 
selection process is due to the homogeneous nature of 
the data. For instance, within the personal hygiene and 
sanitation indicators, one variable assessed the usage 
of feces disposal facilities. The data for this indicator 
showed little variation; over 90% of respondents, both 
from urban dan rural areas, reported having toilets in 
their homes and using them correctly. Furthermore, 56 
variables that passed the candidate selection were ana-
lyzed in the first modeling of multiple logistic regression 
multivariate analysis consisting of 16 indicators related 
to mother-child characteristics, 22 nutritional indicators, 

and 18 indicators of personal hygiene and home environ-
mental sanitation. Of the 56 indicators included in the 
initial modeling, 25 indicators were obtained that were 
significantly related to stunting until the final modeling 
stage of multiple logistic regression analysis, so these 
indicators were inputted into the application to detect 
stunting.

Therefore, the 25 questions/indicators assessed were 
prepared based on questionnaires in studies conducted 
in the previous year. They examined: (1) mother-child 
characteristics (eight indicators: mother’s age, mother’s 
height, mother’s education, mother’s occupation, child’s 
age, birth weight, basic immunization history, and his-
tory of infectious diseases), (2) nutrition (eight indica-
tors: availability of animal food sources, early initiation 
of breastfeeding (EIB), exclusive breastfeeding, comple-
mentary feeding, frequency of protein consumption, fre-
quency of carbohydrate consumption, balanced diet, and 
vitamin A supplementation), and (3) personal hygiene 
and home environment sanitation (nine indicators: wash-
ing hands with soap, ease with which building materials 
become overgrown by fungus, ease of cleaning the walls 
of the house, availability of complete room functions in 
the house [living room, family room, dining room, bed-
room, kitchen, bathroom, and children’s playroom], 
presence of animals that transmit diseases [e.g., rats, 
cockroaches, and flies], availability of adequate ventila-
tion, household waste management, availability of clean 
water for drinking according to the number of family 
members, and availability of safe food storage). Further-
more, these indicators are assessed to detect stunting risk 
using applications.

Measurement of each indicator for stunting detection 
in the application is grouped into 2 categories, namely: 
(1) mother-child characteristics, consisting of eight indi-
cators, namely: mother’s age, categorized into mothers 
aged ≥ 25 years, and mothers aged < 25 years; mother’s 
education, categorized into mothers who have completed 
a minimum formal education or more than senior high 
school, and mothers who have completed formal educa-
tion lower than senior high school; mother’s occupation, 
categorized into mothers who do not work or house-
wives, and mothers who work; mother’s height, grouped 
into mothers with a height of ≥ 150 cm, and mothers with 
a height of < 150  cm; child’s age, grouped into children 
aged ≥ 24 months, and children aged < 24 months; birth 
weight, grouped into babies with normal birth weight 
(≥ 2500  g), and babies with low birth weight (< 2500  g); 
basic immunization history is categorized into babies 
who were given complete basic immunization (complete), 
and babies who were not given complete basic immu-
nization (incomplete); history of infectious diseases, 
categorized into children who do not have a history of 
infectious diseases (no), and children who have a history 
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of infectious diseases such as diarrhea, Acute Respira-
tory Infection (ARI), and pneumonia (yes); (2) nutrition, 
which consists of eight indicators: availability of animal 
food sources, categorized into the availability of animal 
food sources for children (yes), and the unavailability 
of animal food sources in the household for children to 
consume (no); early initiation of breastfeeding (EIB), cat-
egorized as children given EIB immediately after birth 
up to the first hour (yes), or children not given EIB (no); 
exclusive breastfeeding, categorized as given exclusive 
breastfeeding (yes), namely children given only breast 
milk, with no other foods or liquids, except for drops 
or syrups of vitamins, minerals, or medicines, and oral 
rehydration solution, from birth to 6 months of age, and 
children not given exclusive breastfeeding (no); comple-
mentary feeding, categorized as children who are given 
complementary foods when they are more than 6 months 
old, and children who are given complementary foods 
early, namely less than 6 months old; frequency con-
sumption of protein source, categorized as children with 
a high frequency of protein source consumption (≥ 3x/
day), and a low frequency of protein source consump-
tion (< 3x/day); frequency of carbohydrate consumption, 
grouped into children who consume high carbohydrate 
sources (≥ 3x/day), and children who consume low carbo-
hydrate sources (< 3x/day); a balanced diet for children, 
categorized as children who receive balanced nutrition 
(yes), and children who do not receive balanced nutrition 
(no); and vitamin A supplementation, grouped into chil-
dren who are given vitamin A supplementation (yes), and 
children who are not given vitamin A supplementation 
(no); (3) personal hygiene and home environment sanita-
tion consists of nine indicators, where each indicator is 
categorized into 2 groups: (a) the answer ‘yes’, namely if 
the indicator meets the requirements of a healthy home 
indicator, and (b) the answer ‘no’, if the requirements of a 
healthy home indicator are not met.

2)	 Design: The system architecture, user interface, 
database, and software module designs aimed 
to create clear guidelines for implementing the 
application. The application can be used after 
registering (creating a username and password). 
Before the user can enter the main page, they can 
complete a statement of willingness to become a 
respondent and complete the data on the main 
page (Fig. 2). The menu on the main page consists 
of (1) an application usage guide, (2) stunting 
risk detection (completing indicators of mother-
child characteristics, nutrition, and sanitation) 
and recommendations for detection results, and 
(3) measuring nutritional status by completing 
anthropometric measurements.

3)	 Implementation: This stage involves the coding 
or actual implementation of the application based 
on its created design using the Android Software 
Development Kit and Java Development Kit. The 
risk of stunting was detected in the application by 
multiplying the score for an indicator by its weight. 
The answers to the questions were scored as 1 if they 
indicated high risk and 0 if they indicated low risk. 
The weighting of the answer to each question was 
based on the aOR obtained from multiple logistic 
regression based on previous studies. Of the 25 
indicators used to detect the risk of stunting, six 
had an aOR of ≥ 2 (the maximum aOR obtained in 
previous studies was < 3), so their weighing was 2: 
mother’s height, child’s age, frequency of protein 
consumption, washing hands with soap, and 
availability of complete room functions in the house 
(living room, family room, dining room, bedroom, 
kitchen, bathroom, and children’s playroom). The 
other 19 indicators had an aOR of < 2, so their 
weighting was 1. The total score of all indicators 
ranged from 0 to 31 (31 = 1 × 19 + 2 × 6). The total 
score is categorized based on the mean as a low 
risk of stunting (0–18) and a high risk of stunting 
(19–31).

4)	 Testing: This stage is the validation stage of the 
application. This stage tests the application’s 
function, performance, and errors that may be 
encountered so that they can be corrected before 
it is used by respondents and stakeholders. The 
application validation stage consists of 3 stages, 
namely technical validation, content validation, and 
usability and user experience testing validation.

a.	 Technical Validation: This stage ensures that 
the application runs well functionally. The steps 
taken are: (1) system testing, which ensures that 
all features such as data entry forms, data input, 
local/cloud storage, and data synchronization 
run well; (2) compatibility testing, which ensures 
that the application can run according to its 
specifications (minimum specifications are 
Android operating system version 4.1.1 or above); 
(3) data security testing, which ensures that data 
encryption, user authentication, and storage meet 
security standards; and (4) stability testing (stress 
testing), which tests when inputting large amounts 
of data or in poor network conditions.

b.	 Content Validation: This stage is carried out with 
expert judgment. This stage aims to conduct a 
scientific assessment of the substance related to 
the indicators used to detect the risk of stunting 
and test the application’s function to align with 
the research objectives. This stage involved four 
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experts, three from scientific fields relevant 
to stunting (a nutrition expert, community 
epidemiologist, and civil and environmental 
engineering expert) to qualitatively and 
quantitatively assess the 25 indicators used as 
predictors of stunting, and one from the field of 
information technology to ensure the application 
functions properly to detect stunting risk.

A qualitative assessment was conducted to assess the 
essentiality of all included indicators, including wording, 
assessment scale, and suitability as predictors of stunting. 
Its results indicated that the 25 indicators were relevant 
predictors of stunting, easy to understand, and used a 
simple assessment scale (binary: yes and no). In addi-
tion, based on the interviews, the information technology 

expert assessed that the application had a simple appear-
ance. Therefore, it must be improved to increase its 
attractiveness to respondents when completing the data. 
In addition, the application’s functionality was quite lim-
ited in detecting stunting risk, and its features/menus 
must be developed according to user needs.

A quantitative assessment was conducted to assess 
each indicator’s necessity, relevance, clarity, and simplic-
ity, assessed using a four-point Likert scale from 1 (very 
not needed/very irrelevant/very unclear/very not simple) 
to 4 (very necessary/very relevant/very clear/straightfor-
ward). Each indicator had a content validity ratio (CVR) 
and content validity index (CVI) of 0.8–1.0 (an indicator 
with a CVR of < 0.6 is deleted, and a CVI of ≥ 0.8 indicates 
that the indicator is valid). In this study, the 25 indicators 
were assessed as meeting the CVR and CVI criteria.

Fig. 2  Menu of the stunting risk detection application
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c.	 Usability and User Experience Testing: The 
application was tested with 34 mothers 
(approximately 10% of the minimum number of 
respondents) from stunting loci not selected as 
study locations. They had similar characteristics 
to those of respondents in the actual study. This 
test was conducted to determine the ease of use 
of the application, including the (1) availability of 
an internet network, (2) clarity of instructions for 
its use, (3) ease of understanding each question/
indicator (self-explanatory) and its assessment scale, 
and (4) predicting the time required to complete 
data collection, so that improvements could be 
made to the application and anticipate obstacles that 
may be encountered in the field. Pearson’s product-
moment correlation coefficient (r) and the item 
correlation–total correlation indicated that the 25 
questions/indicators were valid and reliable. At a 
5% significance level, the calculated r is adjusted to 
the r product moment Table (0.349). The corrected 
item-total correlation for each indicator was 
between 0.746 and 0.813 (r count value > r table), 
and Cronbach’s alpha was 0.894. Furthermore, the 
application was used to detect the risk of stunting in 
children aged < 5 years in the actual study at the eight 
chosen stunting loci (five in the urban area and three 
in the rural area).

In addition, interviews were conducted with the coor-
dinators of the integrated health post cadres and health 
workers at each stunting locus (8 loci) regarding the use 
of the application. They considered that the application 
has a fairly attractive appearance, is practical and easy 
to use, the questions are easy to understand, and can be 
filled in quickly by respondents.

5)	 Deployment and Maintenance: This stage 
involves application maintenance, updates, and 
improvements. This stage has not been conducted 
in this study because the application is being used 
for the first time in a limited area. This stage will be 
conducted by referring to the results of this study 
to highlight areas where the application’s functions 
could be improved, such as updating its appearance 
to make it more attractive and adding features/
menus, especially for nutrition education services, 
sanitation, and other health services for stunting 
prevention.

Stunting measurement
Stunting is assessed by the user inputting anthropo-
metric measurement data. The stunting risk detection 
application is completed in conjunction with regular 
(monthly) child-weighing activities at integrated service 

posts in each sub-district/village. Stunting is assessed 
using the Length-for-Age Z-Score (LAZ) or Height-for-
Age Z-Score (HAZ). The anthropometric measurements 
are performed by skilled and experienced health work-
ers, such as midwives and nutrition officers, at commu-
nity health centers in the study area. For children aged < 2 
years or unable to stand, length is measured using the 
SECA 210 length board (10–99  cm measurement range 
and 5  mm graduated measuring rod). For children 
aged > 2 years or already able to stand, height is measured 
using a GEA stature meter (2 m maximum height). The 
length and height of each child are measured twice and 
then averaged, requiring a difference of < 0.2  cm. The 
length and height measuring instruments are calibrated 
before use and have an accuracy of 0.1  cm. Stunting is 
categorized according to the WHO child growth stan-
dards using the WHO Anthro software: severe stunting 
( < − 3 standard deviations [SDs]), stunting (− 3 to < − 2 
SDs), normal (− 2 to + 3 SDs), and tall ( > + 3 SDs).

Quality assurance of data collection
This study was approved by The Ethics Commission of 
Health Research of the Faculty of Medicine and Health, 
Universitas Muhammadiyah Jakarta (approval number: 
90/PE/KE/FKK-UMJ/VI/2023). Its data were collected by 
five enumerators, two in the rural area and three in the 
urban area. One supervisor accompanied the enumera-
tors in each area to ensure the data collection complied 
with procedures and maintained quality. The enumera-
tors had a bachelor’s degree in nutrition, while the super-
visors had a master’s degree in nutrition; both had 
experience in data collection. The researcher asked the 
enumerators and supervisors to explain the study’s pur-
pose, methods, stages, and timeline, as well as describe 
each task. They were also given training on data collec-
tion techniques for all instruments used in this study to 
ensure the consistency and quality of the collected data.

Before data collection, all respondents are required 
to fill in the informed consent form. Informed con-
sent is displayed when the respondent has registered. 
The application displays a special screen that presents 
informed consent before the data collection process 
begins, namely a statement of agreement from respon-
dents after they receive information listed on the applica-
tion page including the title of the study, purpose of the 
study, researcher’s expectations regarding respondent 
involvement in the study, potential risks and benefits, 
duration of the study, privacy and confidentiality of data, 
voluntary participation and the right to withdraw, com-
pensation received by respondents for their involvement 
in the study, and contact information for questions. Sign-
ing the informed consent on this application is done by 
checking the confirmation checkbox on the respondent’s 
statement of agreement (‘I have read and understood all 
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information about the study and agree to participate in 
this study voluntarily’). If respondents do not check the 
confirmation checkbox, they cannot proceed to the next 
section to fill in research data.

In this study, the potential biases include measurement 
and recall biases. Measurement biases include bias from 
instruments and enumerators. Measurement instrument 
bias was overcome by ensuring all measuring instruments 
were accurate and calibrated. The instruments used to 
measure anthropometry (height and length) met the 
required standards and had been calibrated. The ques-
tions in the application had also been tested by experts 
and assessed for validity and reliability. All enumera-
tors and supervisors were given explanations and train-
ing related to data collection techniques, including how 
to complete the questionnaire. Systematic measurement 
bias was overcome by experts (midwives and nutrition 
officers) from community health centers in the study area 
performing the anthropometric measurements; refresher 
training in anthropometric measurement techniques had 
been previously provided at these centers.

Recall bias, which is a bias that can potentially arise 
when mothers answer questions related to past behav-
iors, such as their child’s food consumption and balanced 
nutrition practices. Each part of the question is accompa-
nied by instructions for answering using clear and simple 
sentences to facilitate participant understanding. When 
completing the questionnaire, the participants were 
accompanied by an enumerator to ensure all questions 
were completed correctly and completely. In addition, 
the supervisor monitored and evaluated their answers to 
ensure and verify the accuracy and completeness of the 
collected data before being inputted into statistical soft-
ware for analysis.

Data processing and analysis
All data entered into the application were recorded on a 
local server. The data were analyzed using SPSS (version 
22.0). Univariate analyses were conducted to obtain the 
number and percentage of each category of the research 
variables. Bivariate analyses of the relationship between 
independent and dependent variables, which were cat-
egorical, used the chi-square test. Statistical significance 
was assessed using a 95% confidence level and a p-value 
of < 0.05. Multivariate binary logistic regression was 

conducted to identify the dominant factors associated 
with stunting. The accuracy of the stunting prediction 
model was assessed using the area under the receiver 
operating characteristic (ROC) curve (AUC).

Results
Classification of nutritional status
The primary findings presented in Table  1 indicate that 
out of the 316 children, 29.7% were stunting. Among 
these, 20.5% were stunting, while 9.2% were severely 
stunting. The prevalence of stunting was slightly higher 
in rural areas, with 39.5%, compared to 29.5% in urban 
areas.

Table  1 shows the distribution of nutritional status 
among the children based on the length/height-for-age 
index, with most falling in the normal nutritional cat-
egory. Among the children in the urban area, 9.8% were 
categorized as severely stunting, 19.7% as stunting, 66.4% 
as normal, and 4.1% as tall. Among the children in the 
rural area, 6.9% were categorized as severely stunted, 
23.6% as stunted, 63.9% as normal, and 5.6% as tall. Over-
all, among the participating children, 9.2% were catego-
rized as severely stunting, 20.5% as stunting, 65.8% as 
normal, and 4.5% as tall.

Stunting risk detection using the application based on 
Mother-Child characteristics, nutrition indicators, and 
sanitation indicators in children aged < 5 years
The main findings of this study presented in Table  2, 
namely for the analysis of all respondents (N = 316) for 
urban and rural, showed that out of 25 indicators, 17 
indicators are significantly related (p < 0.05) to stunt-
ing. The other eight indicators show no significant rela-
tionship with stunting (p > 0.05). Of the eight indicators 
that are not significantly related to stunting, 3 indicators 
regarding mother-child characteristics (the mother’s 
education, mother’s occupation, and birth weight); two 
indicators regarding nutrition (frequency of consump-
tion of carbohydrate sources, and vitamin A supplemen-
tation); and three indicators regarding personal hygiene 
and sanitation (whether building materials are quickly 
grown by fungi, ease of cleaning the walls of the house, 
and availability of adequate ventilation). However, several 
indicators show a significant relationship (p < 0.05) with 
stunting in children in urban areas, but on the contrary, 

Table 1  Classification of nutritional status in children aged < 5 years (N = 316)
Nutritional Status (LAZ or HAZ)* Urban (n = 244) Rural (n = 72) Total (n = 316)

n % n % n %
Severely stunting ( < − 3 SD) 24 9.8 5 6.9 29 9.2
Stunting (-3 SD to < − 2 SD) 48 19.7 17 23.6 65 20.5
Normal (− 2 SD to + 3 SD) 162 66.4 46 63.9 208 65.8
Tall ( > + 3 SD) 10 4.1 4 5.6 14 4.5
*LAZ = Length-for-Age Z-Score; HAZ = Height-for-Age Z-Score
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these indicators do not show a significant relationship 
(p > 0.05) with stunting in children in rural areas, for 
example, mother’s occupation, exclusive breastfeeding, 
availability of complete room functions in the house, 
availability of adequate ventilation, and household waste 
process. Furthermore, based on multiple regression 
logistic analysis, it shows that of the 25 indicators, the 
dominant factor associated with stunting in children liv-
ing in both urban and rural areas is the mother’s height 
(Table 3).

Table  2 shows the characteristics, nutritional intake, 
and personal hygiene and sanitation of the participat-
ing mother-child pairs, which serve as indicators to esti-
mate the risk of stunting in urban and rural areas. In the 
urban area, seven mother-child characteristics signifi-
cantly influenced stunting risk: mother’s age (p = 0.024), 
where mothers aged < 25 years (40.4%) had a greater risk 
of having stunted children than mothers aged ≥ 25 years 
(26.6%); mother’s occupation (p = 0.049), where working 
mothers (60.0%) had a greater risk of having stunted chil-
dren than non-working mothers (23.5%); mother’s height 
(p = 0.014), where mothers < 150 cm (41.9%) had a greater 
risk of having stunted children than mothers ≥ 150  cm 
(15.7%); child’s age (p = 0.045), where children aged ≥ 24 
months (36.1%) had a greater risk of stunting than chil-
dren aged < 24 months (19.6%); birth weight (p = 0.049), 

where children with low birth weight, namely < 2500  g 
(38.5%) had a greater risk of stunting than children with 
normal birth weight, namely ≥ 2500  g (28.4%); a history 
of basic immunization (p = 0.031), where children with 
incomplete immunization (49.1%) had a greater risk of 
stunting than children with complete immunization 
(23.8%); and a history of infectious diseases (p = 0.026), 
where children with a history of infections (36.2%) had a 
greater risk of stunting than children without a history of 
infections (26.2%).

In addition, seven nutrition indicators significantly 
influenced stunting risk: the availability of animal food 
sources (p = 0.022), where children without access to ani-
mal food sources (40.0%) had a greater risk of stunting 
than children with access to animal food sources (27.5%); 
EIB (p = 0.039), where children without EIB (35.9%) 
had a greater risk of stunting than children with EIB 
(24.6%); exclusive breastfeeding (p = 0.039), where chil-
dren not exclusively breastfed (34.2%) had a greater risk 
of stunting than children who were exclusively breast-
fed (20.9%); complementary feeding (p = 0.033), where 
children who received complementary feeding before 
or equal to six months of age (33.5%) had a greater risk 
of stunting than children who received complementary 
feeding after six months of age (21.7%); the frequency of 
protein consumption (p = 0.041), where children with a 

Table 3  Final binary logistic regression model for detecting stunting risk
Indicator P-value Adjusted OR 95% CI

Lower Upper
Urban
A. Mother and child characteristics
Mother’s height 0.006 3.321 1.202 3.051
Children’s age 0.031 0.568 0.339 0.650
B. Nutrition
Exclusive breastfeeding 0.001 3.148 1.402 4.647
Frequency of protein foods source 0.024 2.827 1.145 4.572
Balance diet practices 0.039 2.125 1.249 5.768
C. Personal Hygiene and Sanitation
The habit of washing hands with soap 0.038 2.149 1.183 3.816
Availability of complete room functions in the house 0.005 3.235 1.315 4.509
Good household waste processing 0.048 1.892 1.156 3.748
Rural
A. Mother and child characteristics
Mother’s height 0.001 3.927 1.132 4.281
History of infectious disease 0.031 2.134 1.268 3.652
B. Nutrition
Early breastfeeding initiation 0.021 2.548 1.239 3.760
Frequency of protein foods source 0.038 2.227 1.243 3.678
Complementary feeding 0.014 3.674 1.178 5.491
C. Personal Hygiene and Sanitation
The habit of washing hands with soap 0.049 1.987 1.071 4.920
Availability of safe food storage 0.034 2.514 1.083 3.905
Availability of clean water sources for drinking 0.039 2.167 1.058 2.671
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lower frequency (< 3x/day) of daily protein consumption 
(43.7%) had a greater risk of stunting than children with 
a higher frequency (≥ 3x/day) of daily protein consump-
tion (26.0%); balanced nutrition practices (p = 0.018), 
where children who do not practice balanced nutrition 
(39.4%) had a greater risk of stunting than children who 
practiced balanced nutrition (23.3%); and vitamin A 
supplementation (p = 0.038), where children who do not 
receive vitamin A supplements (38.2%) had a greater risk 
of stunting than children who receive vitamin A supple-
ments (28.1%).

Moreover, seven personal hygiene and sanitation indi-
cators influenced stunting risk: washing hands with soap 
(p = 0.018), where children who do not wash their hands 
with soap (38.5%) had a greater risk of stunting than 
children who do wash their hands with soap (27.1%); 
availability of complete room functions in the house 
(p = 0.033), where children living in homes without com-
plete room functions in the house (living room, family 
room, dining room, bedroom, kitchen, bathroom, and 
children’s playroom; 37.1%) had a greater risk of stunt-
ing than children living in homes with complete room 
functions in the house (26.4%); disease-carrying animals 
in and around the house (p = 0.049), where children liv-
ing in homes with disease-carrying animals (32.2%) had 
a greater risk of stunting than children living in homes 
without disease-carrying animals (27.9%); adequate ven-
tilation (p = 0.031), where children living in homes with 
inadequate ventilation (40.3%) had a greater risk of stunt-
ing than children living in homes with adequate ventila-
tion (24.6%); household waste management (p = 0.047), 
where children living in homes with poor waste manage-
ment (38.3%) had a greater risk of stunting than children 
in homes with proper waste management (26.6%); avail-
ability of clean water at home (p = 0.044), where children 
without access to clean water (37.7%) had a greater risk of 
stunting than children with access to clean water (27.2%); 
and safe food storage (p = 0.039), where children living in 
homes with unsafe food storage (37.8%) had a greater risk 
of stunting than children living in homes with safe food 
storage (25.9%).

In the rural area, six indicators of mother and child 
characteristics influenced stunting risk: mother’s age 
(p = 0.048), where mothers aged < 25 years (34.3%) had 
a greater risk of having stunting children than moth-
ers aged ≥ 25 years (27.0%); mother’s height (p = 0.028), 
where mothers < 150  cm (44.7%) had a greater risk of 
having stunting children than mothers ≥ 150 cm (14.7%); 
child’s age (p = 0.021), where children aged ≥ 24 months 
(37.0%) had a greater risk of stunting than children 
aged < 24 months (19.2%); birth weight (p = 0.036), where 
children with low birth weight, namely < 2500  g (41.7%) 
had a greater risk of stunting than children with normal 
birth weight, namely ≥ 2500 g (28.3%); a history of basic 

immunization (p = 0.026), where children with incom-
plete immunization (42.9%) had a greater risk of stunting 
than children with complete immunization (25.5%); and a 
history of infectious diseases (p = 0.042), where children 
with a history of infections (38.9%) had a greater risk of 
stunting than children without a history of infections 
(22.2%).

In addition, six nutrition indicators significantly influ-
enced stunting risk: the availability of animal food 
sources (p = 0.017), where children without access to ani-
mal food sources (44.4%) had a greater risk of stunting 
than children with access to animal food sources (16.7%); 
EIB (p = 0.012), where children without EIB (41.7%) had 
a greater risk of stunting than children with EIB (19.4%); 
complementary feeding (p = 0.029), where children who 
received complementary feeding before or equal to six 
months of age (34.1%) had a greater risk of stunting than 
children who received complementary feeding after six 
months of age (25.0%); frequency of protein consumption 
(p = 0.035), where children with a lower frequency (< 3x/
day) of daily protein consumption (53.3%) had a greater 
risk of stunting than children with a higher frequency 
(≥ 3x/day) of daily protein consumption (14.3%); balanced 
nutrition practices (p = 0.049), where children who do not 
practice balanced nutrition (34.0%) had a greater risk of 
stunting than children who practice balanced nutrition 
(25.0%); vitamin A supplementation (p = 0.042), where 
children who do not receive vitamin A supplements 
(41.4%) had a greater risk of stunting than children who 
receive vitamin A supplements (23.3%).

Four personal hygiene and sanitation indicators signifi-
cantly influenced stunting risk: washing hands with soap 
(p = 0.043), where children who do not wash their hands 
with soap (38.5%) had a greater risk of stunting than chil-
dren who do wash their hands with soap (26.1%); disease-
carrying animals in and around the house (p = 0.036), 
where children living in homes with disease-carrying 
animals (34.2%) had a greater risk of stunting than chil-
dren living in homes without disease-carrying animals 
(26.5%); the availability of clean water at home (p = 0.038), 
where children without access to clean water (37.5%) 
had a greater risk of stunting than children with access 
to clean water (27.1%); and safe food storage (p = 0.014), 
where children living in homes with unsafe food storage 
(35.3%) had a greater risk of stunting than children living 
in homes with safe food storage (26.3%).

Table 2 also shows that of the 25 indicators examined, 
17 were significantly related to stunting (p < 0.05): five 
related to mother-child characteristics (mother’s age, 
mother’s height, child’s age, history of basic immuniza-
tion, and history of infectious diseases), six related to 
nutrition (availability of animal food sources, EIB, exclu-
sive breastfeeding, complementary feeding, frequency of 
protein consumption, and child’s balanced diet), and six 
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related to personal hygiene and sanitation (hand washing 
with soap, availability of complete room functions in the 
house, disease-carrying animals in and around the house, 
household waste management, availability of clean water 
in the home for drinking according to the number of 
family members, and availability of safe food storage).

Based on Table 2, one indicator related to mother and 
child characteristics that was significantly associated 
with stunting risk was the mother’s height (odds ratio 
[OR] = 3.29, 95% confidence interval [CI] = 1.34–3.04, 
p = 0.000), where mothers with below-average height 
(< 150 cm) had a 3.29-fold greater risk of having a stunted 
child than mothers with a normal height (≥ 150 cm). One 
indicator related to nutrition that was significantly asso-
ciated with stunting risk was the frequency of protein 
consumption (OR = 2.20, 95% CI = 1.43–4.66, p = 0.048), 
where children who infrequently consume protein-rich 
foods (< 3x/day) had a 2.20-fold greater risk of stunting 
than children who frequently consume protein-rich foods 
(≥ 3x/day). One indicator related to personal hygiene and 
sanitation that was significantly associated with stunt-
ing risk was hand washing with soap (OR = 2.19, 95% 
CI = 1.38–4.23, p = 0.045), where children who wash their 
hands with soap had a 2.19-fold greater risk of stunting 
than children who do not wash their hands with soap.

The main findings in Table 3 are that mother’s height is 
the dominant factor associated with stunting in children 
in both urban and rural areas. mothers < 150  cm, are at 
about 3 times greater risk of having stunted children than 
mothers ≥ 150  cm, where this figure is almost the same 
for children living in urban and rural areas.

Based on the final binary logistic regression model, 
eight indicators were significant predictors of stunting 
risk in children aged < 5 years in urban and rural areas 
(Table 3). In the urban area, the eight significant indica-
tors included two related to mother-child characteris-
tics (mother’s height and child’s age), three related to 
nutrition (exclusive breastfeeding, frequency of protein 
consumption, and balanced diet), and three related to 
personal hygiene and sanitation (washing hands with 
soap, availability of complete room functions in the 
house, and household waste management). In the rural 

area, the eight significant indicators included two related 
to mother-child characteristics (mother’s height and his-
tory of infectious diseases), three related to nutrition 
(EIB, frequency of protein consumption, and comple-
mentary feeding), and three related to personal hygiene 
and sanitation (washing hands with soap, availability of 
safe food storage, and availability of clean water sources 
for drinking).

Mother’s height was the dominant factor in predicting 
stunting in both urban and rural areas. In the urban area, 
mothers with a below-average height (< 150  cm) had a 
3.321-fold greater risk of having stunting children than 
mothers with a normal height (≥ 150  cm; aOR = 3.321, 
95% CI = 1.202–3.051, p = 0.006). In the rural area, 
mothers with a below-average height (< 150  cm) had a 
3.927-fold greater risk of having stunting children than 
mothers with a normal height (≥ 150  cm; aOR = 3.927, 
95% CI = 1.132–4.281, p = 0.001).

The main findings presented in Table  4 are the appli-
cation’s validity, namely its ability to correctly determine 
stunted status. Validity is described by sensitivity and 
specificity. This application has good sensitivity (88.3%) 
and specificity (83.3%). Therefore, this application had 
good validity, with a sensitivity and specificity of > 80%, 
correctly detecting stunted and not stunted children 
from the entire population. The true positive value was 
83 (stunting children who are detected as stunting), the 
false positive value was 37 (not stunting children detected 
as stunting), the true negative value was 185 (not stunting 
children who are detected as not stunting), and the false 
negative value was 11 (stunted children detected as not 
stunting).

The positive predictive value (PPV) is the probability 
that a person with a positive prediction has the examined 
condition. This application had a PPV of 68.3% to predict 
stunting in children aged < 5 years. Therefore, it is likely 
true that children aged < 5 years exposed to the included 
indicators experience stunting. The negative predictive 
value (NPV) is the probability that a person with a nega-
tive prediction does not have the examined condition. 
This application had an NPV of 5.6% (Table 4).

Table 4  Stunting risk detection in children aged < 5 years using the application
Stunting Risk Detection True Characteristics in Population Total

Stunting Not Stunting
Positive 83 37 120
Negative 11 185 196
Total 94 222 316
• Sensitivity = 88.3% (83/94)*100; Specificity = 83.3% (185/222)*100
• True Positive = 83; False Positive = 37; True Negative = 185; False Negative = 11
• Positive Predictive Value (PPV) = 83/120 = 68.3%
• Negative Predictive Value (NPV) = 11/196 = 5.6%
• Positive Likelihood Ratio = Sensitivity/(1–Specificity) = (0.88)/(1-0.83) = 5.18
• Negative Likelihood Ratio = (1–Sensitivity)/Specificity = (1-0.88)/0.83 = 0.14
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Table  4 also presents the positive likelihood ratio, 
which compares the probability of a positive prediction 
between those with and without the examined condition. 
The greater the positive likelihood ratio, the greater the 
possibility of correctly predicting the examined condi-
tion. This application had a positive likelihood ratio of 
5.18, indicating good diagnostic value. The negative like-
lihood ratio compares the probability of a negative pre-
diction between those with and without the examined 
condition. The smaller the negative likelihood ratio, the 
greater the possibility of correctly predicting the absence 
of the examined condition. This application had a nega-
tive likelihood ratio of 0.14, indicating good detection 
ability. Therefore, this application is valid and accurate in 
detecting stunting risk in children aged < 5 years.

The main findings in Table 5 show that the application 
has a good level of overall accuracy based on ROC analy-
sis. The ROC curve can illustrate the overall accuracy of 
the application in predicting the examined condition, 
which can be summarized using the AUC. Among the 
316 children, 83 were predicted to be at risk of stunting. 
This application had an AUC of 0.896 (95% CI = 0.691–
0.924, p < 0.001). Statistically, this AUC is classified as 
good based on the confidence interval of the hypothesis 
test, which compared the AUC between this application 
and random chance (AUC = 0.500).

Analysis of the ROC curve on application can be dem-
onstrated by the overall accuracy of the application 
screening diagnostic test which can be explained in the 
area under the ROC turtle Area Under the Curve (AUC). 
AUC values range from 50 to 100%. Table  5 shows the 
ROC results based on application detection. Based on 
the number of 316 children, it was found that 83 children 
were detected at risk of stunting. The results of diag-
nostic tests using statistics show that the AUC value of 
this screening is 0.896 (89.6%) with an OR 95% CI value 
of 0-691-0.924, p-value = < 0.001. Statistically, the AUC 
value is classified as good based on the confidence inter-
val of the hypothesis test carried out, namely to compare 
the AUC obtained from the application as an index of the 
50% AUC value, so it can be concluded that there is a sig-
nificant difference with the 50% AUC value.

Discussion
Our results indicate that about one-third of the 316 chil-
dren aged < 5 years from the urban (Bogor City) and rural 
(Bogor District) areas suffer from stunting (29.7%: 9.2% 
were severely stunted, and 20.5% were stunted). This 
prevalence exceeds the national average in Indonesia, 

which stands at 21.5%, according to the 2023 Indonesia 
Health Survey [9]. The stunting prevalence in our study 
indicates little difference between urban and rural areas, 
which was 29.5% in the urban area and 30.5% in the rural 
area.

Previous studies have shown that while the over-
all prevalence of stunting in children aged < 5 years has 
declined significantly over the past three decades, stunt-
ing is still common among children in both urban and 
rural areas and is more common in rural than in urban 
areas. Stunting is potentially less common in urban than 
in rural areas due to their greater development, which 
increases the availability of antenatal care, comprehen-
sive healthcare centers, and access to nutritional needs. 
The differences in wealth index and maternal education 
between urban and rural areas also contribute to the 
stunting disparities between them [32, 33, 34]. In 2022, 
Maulidyani and Khomsan reported similar findings in 
West Java Province, showing a stunting prevalence of 
around 31% among 300 children in Sukabumi (urban) 
and 33% in Cianjur (rural). The sociodemographic char-
acteristics in the urban and rural areas are quite similar 
between their study and ours, with most mothers being 
housewives and falling within the early adulthood age 
range. In both studies, more mothers in rural areas had 
lower education levels (less than senior high school) than 
in urban areas. Furthermore, their study found that rural 
mothers had worse nutritional knowledge than urban 
mothers, particularly regarding feeding practices for chil-
dren [12].

Siramaneerat et al. reported similar results based on a 
multilevel analysis of the Indonesian Family Life Survey 
in 13 provinces between 2014 and 2015, showing that 
the prevalence of stunting remains high in both urban 
(30.58%) and rural (41.85%) areas. Their study found 
that the higher prevalence of stunting in rural areas 
was linked to factors such as early childhood nutrition, 
maternal nutrition and health, access to healthcare, and 
environmental conditions [35]. However, Nashira et al. 
analyzed the prevalence and risk factors of stunting in 
395 toddlers in rural and urban areas in Sungai Penuh 
City, Jambi Province, using the 2022 Indonesian Nutri-
tional Status Survey, showing that 79.5% of children liv-
ing in urban areas and 20.5% of toddlers living in rural 
areas experienced stunting. The variation in stunting 
prevalence between urban and rural areas illustrates 
the gap in access to nutrition, health services, and other 
socioeconomic factors. However, Nashira et al. reported 
similarities in the risk factors for stunting in urban and 
rural areas: birth length (OR = 2.30, 95% CI, p < 0.05) and 
maternal education (OR = 2.22, 95% CI, p < 0.05). How-
ever, the similarities in the risk factors for stunting in 
the two areas can be explained by their close proximity, 
making public access to nutritional information, food, 

Table 5  AUC analysis of the receiver operating characteristics 
(ROC) of the application in detecting stunting risk
AUC P-value 95% CI
0.896 < 0.001 0.691–0.924
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information, and health services relatively affordable for 
the community [32].

Based on the 25 indicators used to detect stunting 
risk, our study observed differences in the risk factors 
for stunting between the urban and rural areas. Of the 
25 examined indicators, eight were identified as strong 
predictors in the urban and rural areas. In the urban 
area, they were mother’s height, children’s age, exclusive 
breastfeeding, frequency of protein consumption, bal-
anced diet, washing hands with soap, availability of com-
plete room functions in the house (living room, family 
room, dining room, bedroom, kitchen, bathroom, and 
children’s playroom), and household waste management. 
In contrast, in the rural area, they were mothers’ height, 
history of infectious diseases, EIB, frequency of protein 
consumption, complementary feeding, washing hands 
with soap, availability of safe food storage, and availability 
of clean water sources for drinking. Mother’s height was 
the dominant factor in detecting stunting risk in both the 
urban and rural areas. In the urban area, mothers with 
below-average height (< 150 cm) had a 3.321-fold greater 
risk of having stunting children than mothers with nor-
mal height (≥ 150  cm). In the rural area, mothers with 
below-average height (< 150 cm) had a 3.927-fold greater 
risk of having stunting children than mothers with nor-
mal height (≥ 150 cm).

Mother’s height is a common determinant of stunting 
across regions. Other factors significantly influencing 
stunting are birth weight, nutritional fulfillment in early 
life, personal hygiene, sanitation, household income, 
and maternal education, which play an important role 
and may have different impacts in urban and rural con-
texts [7, 33, 34]. Ali et al. examined 425 children in the 
Central Gonja District, Northern Ghana, reporting that 
28% were stunted, with maternal height strongly associ-
ated with stunting. They reported that shorter mothers 
(< 150 cm) had a 3.87-fold greater risk of having stunting 
children than taller mothers (≥ 150 cm) [36]. Amaha and 
Woldeamanuel reported similar findings based on their 
analysis of children aged < 5 years based on data from the 
2016 Ethiopian Demographic Health Survey. They found 
that shorter mothers (< 150  cm) had a 2.56-fold greater 
risk of having stunted children than taller mothers 
(> 160 cm) [37]. According to the WHO, mothers shorter 
than 150 cm are categorized as short-statured, indicating 
chronic malnutrition in the past, even before pregnancy, 
leading to macronutrient and micronutrient deficiencies 
during pregnancy and breastfeeding, which increases the 
risk of giving birth to stunting children [36].

In our study, most mothers in the urban and rural areas 
had lower-middle economic backgrounds. Additionally, 
more than half of the mothers in the urban and rural 
areas had low education levels (below senior high school; 
<12 years). However, the proportion of highly educated 

mothers was higher in the urban area than in the rural 
area. Mothers from low-income families have limited 
purchasing power for food and healthcare services. Our 
findings reinforce evidence that shorter mothers experi-
ence nutritional problems throughout their lives, leading 
to intergenerational malnutrition [7, 36, 37].

Another important finding of our study is that the 
developed application could detect the risk of stunting 
with good validity, with a sensitivity of 88.3% and a speci-
ficity of 83.3%. It could correctly identify stunted children 
as stunted and not stunted children as not stunted in the 
entire population. Therefore, it could accurately predict 
stunting (AUC = 89.6%). This good accuracy supports 
using this application to predict stunting early so that 
effective prevention efforts can be initiated to address the 
cause(s) [38].

One advantage of the application developed in this 
study to detect stunting risk is that it was designed based 
on a stunting prediction model comprising strong pre-
dictors of stunting obtained through scientific studies. 
The indicators used to predict stunting in this application 
are comprehensive, including indicators of mother-child 
characteristics, nutrition, and personal hygiene and sani-
tation. One unique feature of this application is its inclu-
sion of personal hygiene and sanitation indicators, which 
were determined based on the WHO conceptual frame-
work, the 2023 Indonesian Health Survey, the Decree 
of the Minister of Health of the Republic of Indonesia 
Number 829/MENKES/SK/VII/1999 concerning hous-
ing health requirements. Regulations regarding housing 
health requirements are also outlined in the Regulation 
of the Minister of Health of the Republic of Indonesia 
Number 2 of 2023 concerning the Implementing Regula-
tion of Government Regulation Number 66 of 2014 con-
cerning Environmental Health.

Scientific evidence on the role of personal hygiene and 
sanitation in the incidence of stunting has been consis-
tently reported [39, 40, 41]. The findings in this study 
indicate that there are three indicators related to per-
sonal hygiene and sanitation that are significant to stunt-
ing based on the final binary logistic regression model 
in both urban and rural areas, namely: (1) indicators 
in urban areas include the habit of washing hands with 
soap, the availability of complete room functions in the 
house, and good household waste management; (2) Indi-
cators in rural areas include the habit of washing hands 
with soap, the availability of food storage places, and the 
availability of clean water sources for drinking.

This study shows that stunting in children living in 
urban and rural areas, the risk is about 2 times greater 
in mothers and children who do not practice the wash-
ing hands with soap compared to those who practice 
washing hands with soap. This is in line with a study 
conducted by Pradana et al. in 2023 in children under 
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five years of age in Kendal Regency, Central Java, Indo-
nesia, showed that mothers and children who practice 
poor personal hygiene, especially those who do not prac-
tice the habit of washing hands with soap, can increase 
the risk of stunting in children by 5.76 times compared 
to mothers and children who practice good personal 
hygiene. Washing hands with soap can prevent children 
from exposure to disease. Hands are a part of the human 
body that has the potential to transfer germs through 
direct contact, namely between hands or through objects 
that are held. Hand contact with feces, animal waste, 
non-sterile human body fluids, or from other sources of 
exposure, then touching food or drinks without wash-
ing hands with soap, can cause food or drinks to be con-
taminated with germs so that the germs enter the mouth 
and digestive tract. This condition can cause infections in 
the digestive system such as diarrhea. Children who suf-
fer from diarrhea experience malabsorption of nutrients. 
Furthermore, if this condition is experienced frequently 
and is allowed to continue without being balanced with 
balanced nutritional intake and not being given proper 
health care, then the child can experience chronic malnu-
trition which has an impact on stunting [40].

In this study, the sanitation indicator related to stunting 
in children living in urban areas is the availability of com-
plete room functions in the house. Stunting is at risk 3.24 
times greater in children living in houses with incomplete 
house functions compared to children living in houses 
with complete functions, namely the house has a liv-
ing room, family room, dining room, bedroom, kitchen, 
bathroom, and children’s playroom. Yani et al. explained 
that the type of house is related to the incidence of stunt-
ing [42]. Population density that is not balanced with the 
availability of land for housing, as well as the high price 
of houses in urban areas, causes the size and function of 
space in the house to be limited. This is related to inad-
equate air circulation, less than optimal lighting, and 
limiting the movement of children who are growing and 
developing. Incomplete house space, for example, there 
is no children’s bedroom, children’s play area, and other 
room functions such as living room, family room, din-
ing room, and bedroom, has the potential to cause stress 
in children which can reduce their immune system and 
have an impact on their growth and development [39, 
42]. This study also found that other sanitation indica-
tors that were significantly related to stunting in children 
living in urban areas were household waste processing. 
A study conducted by Anwar et al. in Jepara Regency, 
Central Java Province showed that stunting was 3.6 times 
greater in children living in homes with poor household 
waste management compared to children living in homes 
with good household waste management. A study con-
ducted by Anwar et al. in Jepara Regency, Central Java 
Province, Indonesia showed that stunting was 3.6 times 

greater in children living in homes with poor house-
hold waste management compared to children living in 
homes with good household waste management. Poor 
household waste management and processing creates an 
unhealthy environment as a source of diseases, such as 
diarrhea, typhoid, and other infectious diseases that neg-
atively impact nutrient absorption and child growth [43].

In rural areas, the findings of this study indicate that in 
addition to the habit of washing hands with soap, other 
sanitation indicators that are significantly related to 
stunting are the availability of safe food storage and the 
availability of clean water sources. Stunting in children is 
at risk of 2.51 times greater in families who do not have 
a safe place to store food compared to families who have 
a safe place to store food. A study conducted by Sanin et 
al. in 2022 showed something similar, that mothers who 
have a clean food storage place, the right storage tem-
perature, and are safe from disease-carrying animals 
such as rats, cockroaches, and flies are more likely to 
prevent stunting compared to mothers who do not have 
safe food storage at home. Food storage can be in the 
form of storing food in a container or store-cooked food 
using a cover. This is associated with food safety prac-
tices, including the handling, preparation, and storage 
of food materials in ways that prevent foodborne illness 
[44]. Unhygienic food preparation and unsafe food stor-
age from exposure to contamination by disease-carrying 
animals can cause gastrointestinal diseases. At the age 
of growth, the child’s immune system is not yet mature, 
making it susceptible to infection by foodborne patho-
gens, and can increase the risk of children experiencing 
infectious diseases such as diarrhea and other similar dis-
eases. This condition is directly related to malabsorption 
of macro and micronutrients, fluid loss, and decreased 
appetite. Furthermore, if this condition occurs for a long 
time, it can cause stunting [44, 45].

The importance of safe drinking water, sanitation, 
and hygiene (WASH) has been proven to play a role in 
overcoming global public health problems, including 
stunting. The results of this study also show that the 
sanitation indicator that is significantly related to stunt-
ing is the availability of clean water sources for drinking. 
This study shows that stunting in children is 2.17 times 
more likely to occur in families that do not have enough 
clean water for all their members compared to families 
that have sufficient clean water for all their members. In 
line with a study conducted by Novianti et al. in West 
Java, Indonesia, which reported that stunting in children 
is 3.3 times more likely to occur in families who do not 
have clean drinking water available compared to fami-
lies who have a source of clean drinking water available 
[46]. In this study, more than half of the households in 
rural areas used refilled gallon water, where there is the 
potential for physical contamination in the form of glass 
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fragments, metal pieces, or plastic, which can enter the 
water during unhygienic production, processing, or pack-
aging processes. In addition, microbiological contamina-
tion such as bacterial growth, namely E. coli and coliform 
bacteria also have the potential to be found in refilled 
gallon water. Contaminated drinking water sources can 
carry various pathogens that can cause diarrheal diseases 
including campylobacteriosis, giardiasis, gastroenteritis, 
amoebiasis, and cholera. These diseases can increase the 
risk of stunting in children because they cause malab-
sorption of macro and micro nutrients that interfere with 
their growth and development [41, 46].

Another advantage of this application is that it is 
Android-based, so it can be accessed easily, practically, 
and quickly via smartphones to detect stunting risk. 
Therefore, this application can reach a broader popula-
tion in society more rapidly. Given its advantages and 
benefits, this application can be used widely by the gov-
ernment through data integration and synchronization 
with applications it has built to optimize primary health 
services in the future. Moreover, its stunting risk detec-
tion can form the basis for making appropriate and fast 
decisions in early stunting prevention to contribute to 
reducing stunting prevalence.

In addition to its good accuracy in predicting stunting, 
this stunting risk detection application is Android-based. 
Many people use Android-based applications as their pri-
mary choice to obtain information via the internet [47]. 
Most of the global population (around 80%) has access 
to smartphones, with the proportion of internet users 
reaching almost 60% of the global population in 2021 
[48]. In addition, over 90% of mobile device users regu-
larly access the internet [49]. In Indonesia, data from the 
Central Statistics Agency shows that the proportion of 
households that owned/used smartphones by province 
and regional classification in 2023 was 91.61%, with a 
higher proportion in urban (93.77%) and rural (88.58%) 
areas. Therefore, almost all households have/use smart-
phones, so most of the population could potentially use 
this application [50].

Consequently, applications provide an opportunity to 
identify health problems and provide widespread health 
services in both urban and rural communities easily and 
quickly [51]. Android-based applications are a form of 
adaptive and innovative technology that is very much 
needed to facilitate data collection, recommend interven-
tions, implement stunting prevention and management 
programs, monitor and evaluate, and adopt and improve 
appropriate and responsive health policies to address 
stunting problems in the community [23].

Previous studies have developed applications to pre-
dict stunting in several countries, with varying accura-
cies [14, 15, 16]. However, studies reporting on android 
applications for early detection of stunting risk based 

on nutritional and sanitation indicators are still limited. 
In general, applications that have been developed use 
nutritional indicators, namely by measuring children’s 
anthropometry. In 2014, Hasegawa et al. examined 264 
mother-child pairs in Southern Province, Zambia, to 
develop a tool to detect malnutrition. They reported that 
the predictors of malnutrition in children aged < 2 years 
included birth weight, feeding status, history of sibling 
death, twin births, and maternal education level. Their 
tool’s sensitivity and specificity were reported as 96% and 
69%, respectively [14]. While this malnutrition screening 
tool had high sensitivity, its specificity was lower. Some 
of the predictors of stunting risk were identified in both 
their study and ours, such as birth weight and comple-
mentary feeding history. In 2019, Hanieh et al. examined 
stunting prediction models but did not design an appli-
cation to detect stunting. Their study in Northern Viet-
nam’s Hanam Province reported an accuracy of 85% (95% 
CI = 0.80–0.90) for the prediction model [16].

In 2022, Elisanti et al. used anthropometric measure-
ments to predict stunting in children (age, height, and 
weight). The measurement data is displayed on a liquid 
crystal display and smartphone. In addition, the Arduino 
microcontroller, which has input/output pins, was used 
to send the anthropometric measurements via the circuit 
and serial communication using Bluetooth. Therefore, 
the data can be presented on a smartphone and easily 
used by cadres or health workers to help detect stunting 
in real time [22].

In 2023, Nurisna et al. assessed the effectiveness of an 
Android-based application (Nosting) to detect stunting 
for early and screen growth and development in chil-
dren aged 1–2 years. This application detection the risk 
of stunting based on z-score measurements and exhib-
ited an effectiveness rate of 89.0% in detecting stunting 
[23]. Also in 2023, Ndagijimana et al. analyzed stunting 
prediction models for children aged < 5 years in Rwanda, 
showing that the model could classify stunting cases cor-
rectly, identify stunted children accurately, and catego-
rize non-stunted children correctly, with a sensitivity of 
79.3%, specificity of 94.4%, and AUC of 0.89. They identi-
fied strong predictors of stunting, including the mother’s 
height, watching television, child’s age, province, moth-
er’s education, birth weight, and childbirth size [15]. In 
2024, Muflihatin et al. developed a smart application 
system called The Early Detection of Stunting (EDOS) 
based on anthropometric standards to help cadres and 
the community detect stunting in Kemuning Lor Village, 
Jember, East Java Province [24]. However, they did not 
report the accuracy of the EDOS application.

Compared to those developed in previous studies, 
the stunting risk detection application developed in this 
study demonstrated more balanced sensitivity and speci-
ficity. Moreover, the previous applications did not include 
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personal hygiene and sanitation indicators in stunting 
risk detection. In reality, stunting occurs due to multiple 
contributing factors, not only related to maternal and 
child health and nutrition but also to personal hygiene 
and sanitation.

Health workers require adaptive and innovative tech-
nology to facilitate community involvement and establish 
partnerships between government and non-government 
agencies. This technology could be inter-connected, 
where technologies used by families are connected to 
technologies used by society and the government. Social 
interactions are established harmoniously to help prevent 
and manage stunting in an integrated manner [52, 53]. 
Stunting must be detected early to establish appropri-
ate prevention and intervention measures to address its 
causes. These results can be linked to specific and sensi-
tive integrated interventions. Stunting can be prevented 
through specific nutrition interventions. Specific inter-
ventions aim to address the causes of stunting related 
to healthcare, such as food intake, infection prevention, 
maternal nutrition status, infectious diseases, and envi-
ronmental health. In contrast, sensitive interventions aim 
to address causes generally outside of healthcare, such as 
drinking water and sanitation, nutrition and health ser-
vices, increasing awareness of care and nutrition, and 
increasing access to nutritious food [54]. Prevention 
during this period is a systematic effort and interven-
tion according to its life cycle, starting from pregnancy 
through birth, childhood, adolescence, and early adult-
hood, namely the pre-conception period of stunting to 
break the stunting cycle [55].

The use of nutritional and sanitation indicator-based 
applications from this study can encourage practi-
cal handling of stunting, namely through the use of this 
application in an integrated manner with maternal and 
child health service applications in government-owned 
primary health facilities. This study has an impact on 
national policy, namely in line with the government’s 
program to increase the digitalization of health services. 
This application can be integrated with the health service 
system at the health center. Furthermore, this applica-
tion can be integrated with the national health informa-
tion system to facilitate early detection of stunting risk. 
The use of this application is in line with the national 
strategy in accelerating stunting prevention, especially 
for strengthening national nutritional surveillance, 
namely accelerating the process of collecting and analyz-
ing stunting data, allowing for faster and more targeted 
interventions. In addition, this application also supports 
efforts to accelerate stunting control effectively, conver-
gent, and integrated by involving cross-sectors at the 
central, regional, community, and household levels. In a 
broader context, this study contributes to global efforts 
to achieve the Sustainable Development Goals (SDGs), 

especially Goals 2 (Zero Hunger) and 3 (Good Health 
and Well-Being). By increasing early detection of stunt-
ing, this application supports efforts to reduce malnutri-
tion and improve children’s health.

Conclusions
The application developed in our study exhibited good 
accuracy in detecting the risk of stunting in children 
aged < 5 years in urban and rural areas. The involvement 
of health workers in collecting anthropometric data and 
assisting mothers in entering data accurately in the appli-
cation is needed to ensure accuracy in detecting the risk 
of stunting in children. Of the 25 indicators examined, 
eight were significant predictors of stunting in urban 
and rural areas. Three of these indicators were common 
to both areas: mother’s height, frequency of protein con-
sumption, and washing hands with soap. Mother’s height 
was the dominant factor influencing the risk of stunting 
in children in both urban and rural areas.

The application developed in this study still had some 
limitations, such as the relatively large number of assess-
ment indicators and its lack of customization to urban 
and rural areas. In addition, access to this application is 
limited to mothers with an Android smartphone. There-
fore, short-term improvements to the application are 
needed, such as reducing the number of assessment 
indicators and adjusting them to urban and rural areas, 
adding more attractive features, and adding features for 
education services. Notably, as part of its future devel-
opment, this application could be integrated with health 
services to help community nutrition surveillance and 
detect the risk of stunting quickly, preventively, and accu-
rately. In addition, this application could be an interactive 
educational media as a promotive and preventive effort 
to prevent stunting.

Recommendations
This application is an innovation to detect the risk of 
stunting based on nutrition and sanitation indicators 
in children under five years of age. This application is 
designed for sustainable use, taking advantage of the 
widespread use of smartphones in the community. How-
ever, this application requires improvements for both 
short-term and long-term optimization. In the short 
term, several things that are recommended for improve-
ment are: (1) simplifying indicators, adjusting indica-
tors to suit the unique characteristics of urban and rural 
communities; (2) improving the user interface display, 
improving the application display to make it more attrac-
tive, and increasing the functionality of health service fea-
tures; and (3) data entry assistance, providing assistance 
from health workers when entering data into the appli-
cation, namely when measuring and inputting anthro-
pometric data to make it more accurate. In the event of 
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an emergency, mothers are expected to be able to input 
data from the last anthropometric measurement results, 
which are then validated by health workers. Meanwhile, 
for long-term use, this application must be integrated 
into comprehensive health services involving various sec-
tors—government, local government, and households—
to effectively monitor community nutrition and identify 
and address stunting risks efficiently.

This application is recommended to continue to be 
used because of several advantages, namely (1) for the 
government or policymakers: (a) this application com-
prehensively assesses important indicators for detect-
ing stunting, including indicators related to mothers and 
child characteristics, nutrition indicators, and personal 
hygiene and sanitation. This comprehensive approach 
supports specific and sensitive interventions, and (b) 
this application provides accurate, practical, and rapid 
stunting detection for use by health workers so that it 
can function as an early warning system for nutritional 
surveillance in the community. However, this applica-
tion is recommended to be integrated into the maternal 
and child health service application at primary health 
facilities so that one-stop or integrated services can be 
provided, and; (2) for the community, this application 
can be easily accessed and provides information related 
to the risk of stunting in children, as well as providing 
educational services related to the prevention and han-
dling of stunting so that they can increase their knowl-
edge and concern for the health of their children. Overall, 
this study can make a significant contribution to stunting 
prevention efforts and influence public health policies, 
especially government initiatives that aim to reduce the 
prevalence of stunting by 14% in Indonesia.

Limitations of the study
The application used to detect the risk of stunting still 
requires further development. Its relatively large number 
of indicators needs to be reduced, focusing on essential 
indicators to predict stunting. While the indicators used 
in our study are relatively essential, they are not yet prac-
tical for detecting stunting in the community because 
the number is quite large, so it takes longer to enter the 
data into the application. Therefore, focusing on essential 
indicators to predict stunting in urban and rural areas, 
which each had eight essential indicators, could simplify 
and accelerate data entry into the application by mothers 
or help improve health services in health facilities.

This study also has limitations, namely that the appli-
cation can only be accessed by mothers with Android 
smartphones. This requirement may exclude mothers 
from low socioeconomic backgrounds who may not have 
access to this technology. Therefore, the use of this appli-
cation by a broader population could be achieved gradu-
ally by considering its affordability. While nationally, 

more than 90% of households in urban and rural areas in 
Indonesia own and can use a smartphone properly, the 
widespread use of this application in the community is 
still challenging, especially in disseminating the benefits 
of using its use to detect and prevent stunting early.

Another limitation of this study is the geographical 
limitation because the number of mothers who own and 
are skilled at using smartphones in urban areas is greater 
than in rural areas. In addition, the availability of internet 
providers and their access is better in urban areas than in 
rural areas, so the application process is easier in urban 
areas. Therefore, our study also had disproportionate 
representation among its participants, where more chil-
dren were from the urban than the rural area, so it does 
not reflect the diversity of experiences and conditions 
faced by children in both areas with different characteris-
tics. In this study, there is a potential bias in the sampling 
method, as the sample may not accurately represent the 
overall population. Specifically, the number of respon-
dents from rural areas is only one-third of those from 
urban areas. However, this potential bias is mitigated by 
calculating a minimum sample size that is representative 
of the population, based on established scientific meth-
ods and the results of previous studies. Additionally, the 
research locations for each region are consistent, with 
three health centers selected in each area. The sampling 
is conducted using simple random sampling, ensuring 
that each respondent has an equal opportunity to be 
selected or not selected as part of the study. Therefore, 
further research should be able to balance the number of 
respondents from urban and rural areas and represent 
the sociodemographic characteristics of the population 
from both regions. In addition, it is also necessary to 
examine the variation in stunting risk factors in various 
regions in Indonesia, where socio-economic conditions, 
cultural practices, and access to health services can vary 
greatly.

Acknowledgements
We appreciate and express our gratitude to all funding sources & 
collaborators, namely The Ministry of Education, Culture, Research, and 
Technology of Republic Indonesia: Penelitian Dasar Unggulan Perguruan 
Tinggi (PDUPT) in the year 2023 with contract number 073/E5/PG.02.00/
PL/2023. We thank LLDIKTI Region III in the Special Capital Region of Jakarta 
with contract number 1154/LL3/AL04/2023. We appreciate to Research 
and Community Service Institute Universitas Muhammadiyah Jakarta with 
contract number 545/R-UMJ/V/2023. We express for Health Service in Bogor 
Regency and Bogor City, West Java Province, and also for all enumerators and 
participants in this study.

Author contributions
TAEP: have study ideas, draft, and design research, perform statistical 
analysis and interpretation of results, and draft a manuscript. The author 
reviewed and approved the manuscript. YCH: compiling and designing the 
study, performing statistical analysis and interpretation of the results, and 
preparing the manuscript. The author reviews and approves the manuscript. 
ERN: drafting and designing the study, conducting statistical analysis and 
interpretation of results, drafting a manuscript. The author reviewed and 
approved the manuscript. ANS: compiling and designing research, performing 



Page 24 of 25Permatasari et al. BMC Nutrition           (2025) 11:93 

statistical analysis and interpretation of the results, and preparing the 
manuscript. The author reviews and approves the manuscript. DAF: compiling 
and designing the study, performing statistical analysis and interpretation of 
the results, and preparing the manuscript. The author reviews and approves 
the manuscript.

Funding
This research was funded by The Ministry of Education, Culture, Research, 
and Technology of Republic Indonesia: Penelitian Dasar Unggulan Perguruan 
Tinggi (PDUPT) in the year 2023 with contract number 073/E5/PG.02.00/
PL/2023. The Ministry of Education, Culture, Research, and Technology of 
the Republic of Indonesia financed the paid perdiem for data collectors, 
supervisors, community health workers, and souvenirs for participants, but 
didn’t participate in the design, analysis, and interpretation of findings.

Data availability
The data sets used and/or analyzed in this study are currently available from 
the concerned authors on a reasonable request.

Declarations

Ethics approval and consent to participate
This research has been approved by The Ethics Commission of Health 
Research of the Faculty of Medicine and Health Universitas Muhammadiyah 
Jakarta (approval number: 90/PE/KE/FKK-UMJ/VI/2023, approval date: 5 June 
2023). Data collection was carried out by the main researcher and assisted 
by enumerators (students of the Faculty of Medicine and Health Universitas 
Muhammadiyah Jakarta). In this study, the author confirms that all methods 
are carried out following the relevant guidelines and regulations (Helsinki 
Declaration). This research is not experimental or intervention research.

Consent for publication
Not applicable.

Informed consent
was obtained from all individual participants included in this study. 
Participants were fully informed about the purpose, procedures, and potential 
risks of the research before they consented to take part. All participants 
voluntarily agreed to participate, and their rights to withdraw at any point 
were respected.

Competing interests
The authors declare no competing interests.

Received: 12 December 2023 / Accepted: 22 April 2025

References
1.	 WHO. Global Nutrition Targets. 2025: Stunting Policy Brief (WHO/NMH/

NHD/14.3). World Health Organization. Geneva; 2014. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​5​9​1​​
/​c​​o​r​n​​e​l​l​​/​9​7​8​​1​5​​0​1​7​5​8​8​9​8​.​0​0​3​.​0​0​0​6

2.	 WHO Multicentre Growth Reference Study Group. Enrolment and baseline 
characteristics in the WHO multicentre growth reference study. Acta Paediatr 
Suppl. 2006;450:7–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​6​​5​1​-​​2​2​2​7​​.​2​​0​0​6​.​t​b​0​2​3​7​1​.​x.

3.	 Akseer N, Tasic H, Nnachebe Onah M, Wigle J, Rajakumar R, Sanchez-Hernan-
dez D, et al. Economic costs of childhood stunting to the private sector in 
low- and middle-income countries. eClinicalMedicine. 2022;45(101320):1–18. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​c​​l​i​n​​m​.​2​0​​2​2​​.​1​0​1​3​2​0.

4.	 Amusa LB, Bengesai AV, Khan HT. Childhood stunting and subsequent edu-
cational outcomes: a marginal structural model analysis from a South African 
longitudinal study. Public Health Nutr. 2022;25(11):3016–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​7​​/​S​​1​3​6​8​9​8​0​0​2​2​0​0​1​8​2​3.

5.	 Ministry of Health RI. Results of the Indonesian nutrition status survey 2022 
(Hasil survei status Gizi Indonesia (SSGI) 2022). Ministry of Health RI; 2023.

6.	 Permatasari TAE, Djarir H, Herlina L, Fauziah M. The determinants of stunt-
ing in the Under-five in three municipalities in the special capital region 
of Jakarta. Kesmas J Kesehat Masy Nas (National Public Heal Journal). 
2023;18(1):32–40. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​1​0​​9​/​​k​e​s​m​a​s​.​v​1​8​i​1​.​6​4​0​5.

7.	 Permatasari TAE, Chadirin Y, Ernirita, Elvira F, Putri BA. The association of 
sociodemographic, nutrition, and sanitation on stunting in children under 
five in rural area of West Java Province in Indonesia. J Public Health Res. 
2023;12(3):1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​2​​2​7​9​9​0​3​6​2​3​1​1​9​7​1​6​9.

8.	 Widyaningsih V, Mulyaningsih T, Rahmawati FN, Adhitya D. Determinants 
of socioeconomic and rural-urban disparities in stunting: evidence from 
Indonesia. Rural Remote Health. 2022;22(1):7082. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​2​6​0​​5​/​​R​R​
H​7​0​8​2.

9.	 Ministry of Health RI. Indonesian health survey 2023 in numbers (Survei Kes-
ehatan Indonesia (SKI) 2023 Dalam angka). Badan Kebijakan Pembangunan 
Kesehatan. 2023. 875 p.

10.	 Ministry of Health RI. Basic Health Research National Report 2018. Health 
Research and Development Agency. Jakarta: Badan Penelitian dan Pengem-
bangan Kesehatan; 2019. Laporan Nasional Riset Kesehatan Dasar 2018.

11.	 de Onis M, Borghi E, Arimond M, Webb P, Croft T, Saha K, et al. Prevalence 
thresholds for wasting, overweight and stunting in children under 5 years. 
Public Health Nutr. 2019;22(1):175–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​1​3​6​8​9​8​0​0​1​8​0​0​
2​4​3​4.

12.	 Mauludyani AVR, Khomsan A. Maternal nutritional knowledge as a 
determinant of stunting in West Java: Rural-Urban disparities. Amerta Nutr. 
2022;6(1SP):8–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​4​7​​3​/​​a​m​n​​t​.​v​​6​i​1​s​​p​.​​2​0​2​2​.​8​-​1​2.

13.	 Chowdhury MRK, Khan HTA, Mondal MNI. Differences in the socio-demo-
graphic determinants of undernutrition in children aged < 5 years in urban 
and rural areas of Bangladesh measured by the composite index of anthro-
pometric failure. Public Health. 2021;198(September):37–43. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​6​​/​j​​.​p​u​h​e​.​2​0​2​1​.​0​6​.​0​2​7.

14.	 Hasegawa J, Ito YM, Yamauchi T. Development of a screening tool to predict 
malnutrition among children under two years old in Zambia. Glob Health 
Action. 2017;10(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​6​5​4​​9​7​1​​6​.​2​0​​1​7​​.​1​3​3​9​9​8​1.

15.	 Ndagijimana S, Kabano IH, Masabo E, Ntaganda JM. Prediction of stunting 
among Under-5 children in Rwanda using machine learning techniques. J 
Prev Med Public Heal. 2023;56(1):41–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​6​1​​/​j​​p​m​p​h​.​2​2​.​3​8​8.

16.	 Hanieh S, Braat S, Simpson JA, Ha TTT, Tran TD, Tuan T, et al. The stunting 
tool for early prevention: development and external validation of a novel 
tool to predict risk of stunting in children at 3 years of age. BMJ Glob Heal. 
2019;4(6):1–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​g​h​-​2​0​1​9​-​0​0​1​8​0​1.

17.	 Haque MA, Choudhury N, Wahid BZ, Ahmed SMT, Farzana FD, Ali M, et al. A 
predictive modelling approach to illustrate factors correlating with stunting 
among children aged 12–23 months: a cluster randomised pre-post study. 
BMJ Open. 2023;13(4). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​o​​p​e​n​​-​2​0​2​​2​-​​0​6​7​9​6​1.

18.	 Eryando T, Sipahutar T, Budhiharsana MP, Siregar KN, Nur Aidi M, Minarto M, 
et al. Spatial analysis of stunting determinants in 514 Indonesian districts/
cities: implications for intervention and setting of priority. Geospat Health. 
2022;17(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​0​8​1​​/​g​​h​.​2​0​2​2​.​1​0​5​5.

19.	 Lisnarini N, Suminar JR, Setianti Y. BKKBN Communication Strategy on Elsimil 
Application as a Media for Stunting Prevention in Indonesia. In: Proceedings 
of International Conference on Communication Science. 2022. pp. 704–13. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​0​​3​/​​i​c​c​​s​p​r​​o​c​e​e​​d​i​​n​g​.​v​2​i​1​.​7​6

20.	 Sefen A, Hasnita E, Nurdin. Determination of stunting incidents in babies 
through E-PPGBM data application in Padang Pariaman. Hum Care J. 
2023;8(1):210–8.

21.	 Permana AA, Perdana AT, Handayani N, Destriana R. A stunting pre-
vention application Nutrimo (Nutrition Monitoring). J Phys Conf Ser. 
2021;1844(1):12023. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​8​​/​1​​7​4​2​​-​6​5​​9​6​/​1​​8​4​​4​/​1​/​0​1​2​0​2​3.

22.	 Elisanti AD, Ardianto ET, Dewanto WK, Restusari L, Ernawati. Yanti. Early 
detection of stunting and user satisfaction: an overview of anthropometric 
measurement in Indonesian toddlers. Southeast Asian J Trop Med Public 
Health. 2022;53(Supplement 2):423–46.

23.	 Nurisna AI, Kundarti FI, Rahmaningtyas I. Effectiveness of Android-Based 
application (Nosting) for early detection of stunting and growth and devel-
opment screening in children aged 12–24 months. Int J Curr Sci Res Rev. 
2023;6(10):6714–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​7​1​9​​1​/​​i​j​c​s​r​r​/​V​6​-​i​1​0​-​2​4.

24.	 Muflihatin I, Wicaksono AP, Mudiono DRP, Arum P, Nurmawati I, Muna N. The 
implementation of smart application system for early detection of stunting 
as a solution to nutritional problems based on anthropometry standards. Int 
J Heal Inf Syst. 2024;1(3):128–35. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​7​1​3​​4​/​​i​j​h​i​s​.​v​1​i​3​.​3.

25.	 Kwami CS, Godfrey S, Gavilan H, Lakhanpaul M, Parikh P. Water, sanitation, 
and hygiene: linkages with stunting in rural Ethiopia. Int J Environ Res Public 
Health. 2019;16(20). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​6​2​0​3​7​9​3.

26.	 Silva JRM, Vieira LL, Abreu ARM, Fernandes E, de Moreira S, Costa TR et al. 
GD da,. Water, sanitation, and hygiene vulnerability in child stunting in 

https://doi.org/10.7591/cornell/9781501758898.003.0006
https://doi.org/10.7591/cornell/9781501758898.003.0006
https://doi.org/10.1111/j.1651-2227.2006.tb02371.x
https://doi.org/10.1016/j.eclinm.2022.101320
https://doi.org/10.1016/j.eclinm.2022.101320
https://doi.org/10.1017/S1368980022001823
https://doi.org/10.1017/S1368980022001823
https://doi.org/10.21109/kesmas.v18i1.6405
https://doi.org/10.1177/22799036231197169
https://doi.org/10.22605/RRH7082
https://doi.org/10.22605/RRH7082
https://doi.org/10.1017/S1368980018002434
https://doi.org/10.1017/S1368980018002434
https://doi.org/10.20473/amnt.v6i1sp.2022.8-12
https://doi.org/10.1016/j.puhe.2021.06.027
https://doi.org/10.1016/j.puhe.2021.06.027
https://doi.org/10.1080/16549716.2017.1339981
https://doi.org/10.3961/jpmph.22.388
https://doi.org/10.1136/bmjgh-2019-001801
https://doi.org/10.1136/bmjopen-2022-067961
https://doi.org/10.4081/gh.2022.1055
https://doi.org/10.29303/iccsproceeding.v2i1.76
https://doi.org/10.29303/iccsproceeding.v2i1.76
https://doi.org/10.1088/1742-6596/1844/1/012023
https://doi.org/10.47191/ijcsrr/V6-i10-24
https://doi.org/10.47134/ijhis.v1i3.3
https://doi.org/10.3390/ijerph16203793


Page 25 of 25Permatasari et al. BMC Nutrition           (2025) 11:93 

developing countries: a systematic review with meta-analysis. Public Health. 
2023;219(Supplement 2):117–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​u​h​e​.​2​0​2​3​.​0​3​.​0​2​4

27.	 Braun L, MacDougall A, Sumner T, Adriano Z, Viegas E, Nalá R, et al. Associa-
tions between shared sanitation, stunting and diarrhoea in Low-Income, high 
density urban neighbourhoods of Maputo, Mozambique - a Cross-Sectional 
study. Matern Child Health J. 2024;28(4):775–84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​9​
9​5​-​0​2​4​-​0​3​9​2​4​-​4.

28.	 Black RE, Alderman H, Bhutta ZA, Gillespie S, Haddad L, Horton S et al. Execu-
tive summary of the lancet maternal and child nutrition series. Matern Child 
Nutr Study Gr. 2013;1–12.

29.	 Badan Pusat Statistik Indonesia. Regulation of the head of the central 
statistics agency number 37 of 2010 concerning urban and rural classifica-
tion in Indonesia (Peraturan Kepala Badan Pusat statistik Nomor 37 Tahun 
2010 Tentang Klasifikasi Perkotaan Dan Perdesaan Di Indonesia). Badan Pusat 
Statisistik Republik Indonesia. 2010. 13 p.

30.	 World Health Organization (WHO). Childhood stunting: context, causes, and 
consequences. World Health Organization; 2016.

31.	 Permatasari TAE, Chadirin Y, Ernirita, Syafitri AN, Alifia D. Food Consumption 
Behavior and Home Sanitation As Predictors in the Initial Application of 
Stunting Detection. In: Proceeding The Third Muhammadiyah Internasional- 
Public Health and Medicine Conference. 2023. pp. 206–15.

32.	 Nashira IT, Kusnandar, Sukamto IS. Prevalence and risk factors of stunting 
among toddlers in urban and rural. J Kesehat Manarang. 2024;10(2):83–93.

33.	 Musheiguza E, Mahande MJ, Malamala E, Msuya SE, Charles F, Philemon R, et 
al. Inequalities in stunting among under-five children in Tanzania: decompos-
ing the concentration indexes using demographic health surveys from 
2004/5 to 2015/6. Int J Equity Health. 2021;20(1):46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​
1​2​9​3​9​-​0​2​1​-​0​1​3​8​9​-​3.

34.	 Ulep VGT, Uy J, Casas LD. What explains the large disparity in child stunt-
ing in the Philippines? A decomposition analysis. Public Health Nutr. 
2022;25(11):2995–3007. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​S​​1​3​6​8​9​8​0​0​2​1​0​0​4​1​6​X.

35.	 Siramaneerat I, Astutik E, Agushybana F, Bhumkittipich P, Lamprom W. Exam-
ining determinants of stunting in urban and rural Indonesian: a multilevel 
analysis using the population-based Indonesian family life survey (IFLS). BMC 
Public Health. 2024;24(1):1371. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​9​-​0​2​4​-​1​8​8​2​4​-​z.

36.	 Ali Z, Saaka M, Adams A-G, Kamwininaang SK, Abizari A-R. The effect of 
maternal and child factors on stunting, wasting and underweight among 
preschool children in Northern Ghana. BMC Nutr. 2017;3(1):31. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​​1​1​8​6​​/​s​​4​0​7​9​5​-​0​1​7​-​0​1​5​4​-​2.

37.	 Amaha ND, Woldeamanuel BT. Maternal factors associated with moderate 
and severe stunting in Ethiopian children: analysis of some environmental 
factors based on 2016 demographic health survey. Nutr J. 2021;20(1):18. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​3​7​-​0​2​1​-​0​0​6​7​7​-​6.

38.	 Shreffler J, Huecker MR. Diagnostic Testing Accuracy: Sensitivity, Specificity, 
Predictive Values and Likelihood Ratios. [Updated 2023 Mar 6]. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2023 [cited 2025 Jan 13]. 
Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​c​b​i​​.​n​l​​m​.​n​i​​h​.​​g​o​v​​/​b​o​​o​k​s​/​​N​B​​K​5​5​7​4​9​1​/

39.	 Permatasari TAE, Chadirin Y. Assessment of undernutrition using the compos-
ite index of anthropometric failure (CIAF) and its determinants: A cross-
sectional study in the rural area of the Bogor district in Indonesia. BMC Nutr. 
2022;8(133):1–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​0​7​9​5​-​0​2​2​-​0​0​6​2​7​-​3.

40.	 Pradana VN, Suparmi S, Ratnawati R, Personal, Hygiene. Water availability, and 
environmental sanitation with the incidence of stunting in toddlers aged 
6–59 months in the working area of the Singorojo I public health center, 
Kendal regency. Amerta Nutr. 2023;7(3):421–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​0​4​7​​3​/​​a​m​n​​t​
.​v​​7​i​3​.​​2​0​​2​3​.​4​2​1​-​4​2​6.

41.	 Batool M, Saleem J, Zakar R, Butt MS, Iqbal S, Haider S, et al. Relationship 
of stunting with water, sanitation, and hygiene (WASH) practices among 
children under the age of five: a cross-sectional study in Southern Punjab, 

Pakistan. BMC Public Health. 2023;23(1):2153. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​
9​-​0​2​3​-​1​7​1​3​5​-​z.

42.	 Yani DI, Rahayuwati L, Sari CWM, Komariah M, Fauziah SR. Family house-
hold characteristics and stunting: an update scoping review. Nutrients. 
2023;15(1):233. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​0​1​0​2​3​3.

43.	 Anwar W, Nurjazuli, Joko T. Study of household environmental sanitation risk 
factors on stunting incidence in toddlers in Dongos village, Kedung I health 
center working area, Jepara regency. J Penelit Pendidik IPA. 2025;11:542–7. ​h​t​
t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​9​3​0​​3​/​​j​p​p​i​p​a​.​v​1​1​i​2​.​9​9​6​7. 2 SE-Research Articles.

44.	 Sanin KI, Haque A, Nahar B, Mahfuz M, Khanam M, Ahmed T. Food safety 
practices and stunting among School-Age Children-An observational study 
finding from an urban slum of Bangladesh. Int J Environ Res Public Health. 
2022;19(13). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​i​​j​e​r​p​h​1​9​1​3​8​0​4​4.

45.	 Ehuwa O, Jaiswal AK, Jaiswal S, Salmonella. Food Safety and Food Handling 
Practices. Vol. 10, Foods. 2021. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​f​​o​o​d​s​1​0​0​5​0​9​0​7

46.	 Novianti S, Huriyati E, Padmawati RS. Safe drinking water, sanitation and 
mother’s hygiene practice as stunting risk factors: A case control study in 
a rural area of Ciawi Sub-district, Tasikmalaya district, West Java, Indonesia. 
Ethiop J Health Sci. 2023;33(6):935–44. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​4​3​1​4​​/​e​​j​h​s​.​v​3​3​i​6​.​3.

47.	 Vanderloo LM, Carsley S, Agarwal P, Marini F, Dennis C-L, Birken C. Selecting 
and evaluating mobile health apps for the healthy life trajectories initiative: 
development of the eHealth resource checklist. JMIR mHealth uHealth. 
2021;9(12):e27533. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​9​6​​/​2​​7​5​3​3.

48.	 Kustiawan TC, Nadhiroh SR, Ramli R, Butryee C. Use of mobile app to monitor-
ing growth outcome of children: A systematic literature review. Digit Heal. 
2022;8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​2​​0​5​5​2​0​7​6​2​2​1​1​3​8​6​4​1.

49.	 Seyyedi N, Rahimi B, Eslamlou HR, Afshar HL, Spreco A, Timpka T. Smart-
phone-Based Maternal Education for the Complementary Feeding of 
Undernourished Children Under 3 Years of Age in Food-Secure Communities: 
Randomised Controlled Trial in Urmia, Iran. Vol. 12, Nutrients. 2020. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​2​0​2​0​5​8​7

50.	 Badan Pusat Statistik Indonesia. Percentage of Households Who Own/Control 
Cell Phones by Province and Regional Classification, 2022–2023 (Persentase 
Rumah Tangga yang Memiliki/Menguasai Telepon Seluler Menurut Provinsi 
dan Klasifikasi Daerah, 2022–2023). Jakarta; 2024.

51.	 González-Pérez A, Matey-Sanz M, Granell C, Díaz-Sanahuja L, Bretón-
López J, Casteleyn S. AwarNS: A framework for developing context-aware 
reactive mobile applications for health and mental health. J Biomed Inf. 
2023;141:104359. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​b​i​.​2​0​2​3​.​1​0​4​3​5​9.

52.	 Meilani GA, Martha E, Rosiana H, Fitriyani H, Studi P, Reproduksi K, et al. The 
impact of the Covid-19 pandemic on the quality of antenatal care services at 
Pancoran Mas primary health care, Depok. J Pengabdi Kesehat Masy Peng-
maskesmas. 2022;2(2):96–104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​1​8​4​​9​/​​p​e​n​​g​m​a​​s​k​e​s​​m​a​​s​.​v​2​i​2​
/​6​0​1​7.

53.	 Abernethy A, Adams L, Barrett M, Bechtel C, Brennan P, Butte A, et al. 
The promise of digital health: then, now, and the future. NAM Perspect. 
2022;2022:12–24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​1​4​7​​8​/​​2​0​2​2​0​6​e.

54.	 Siswati T, Iskandar S, Pramestuti N, Raharjo J, Rubaya AK, Wiratama BS. Drivers 
of stunting reduction in Yogyakarta, Indonesia: A case study. Int J Environ Res 
Public Health. 2022;19(24):1–14. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​3​3​​​9​0​​/​i​j​e​r​p​h​1​9​2​4​1​6​4​9​7.

55.	 World Food Programme. A Chance for Every Schoolchild: Partnering to Scale 
up School Health and Nutrition for Human Capital. WFP School Feeding 
Strategy 2020–2030. 2020.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.puhe.2023.03.024
https://doi.org/10.1007/s10995-024-03924-4
https://doi.org/10.1007/s10995-024-03924-4
https://doi.org/10.1186/s12939-021-01389-3
https://doi.org/10.1186/s12939-021-01389-3
https://doi.org/10.1017/S136898002100416X
https://doi.org/10.1186/s12889-024-18824-z
https://doi.org/10.1186/s40795-017-0154-2
https://doi.org/10.1186/s40795-017-0154-2
https://doi.org/10.1186/s12937-021-00677-6
https://doi.org/10.1186/s12937-021-00677-6
https://www.ncbi.nlm.nih.gov/books/NBK557491/
https://doi.org/10.1186/s40795-022-00627-3
https://doi.org/10.20473/amnt.v7i3.2023.421-426
https://doi.org/10.20473/amnt.v7i3.2023.421-426
https://doi.org/10.1186/s12889-023-17135-z
https://doi.org/10.1186/s12889-023-17135-z
https://doi.org/10.3390/nu15010233
https://doi.org/10.29303/jppipa.v11i2.9967
https://doi.org/10.29303/jppipa.v11i2.9967
https://doi.org/10.3390/ijerph19138044
https://doi.org/10.3390/foods10050907
https://doi.org/10.4314/ejhs.v33i6.3
https://doi.org/10.2196/27533
https://doi.org/10.1177/20552076221138641
https://doi.org/10.3390/nu12020587
https://doi.org/10.3390/nu12020587
https://doi.org/10.1016/j.jbi.2023.104359
https://doi.org/10.31849/pengmaskesmas.v2i2/6017
https://doi.org/10.31849/pengmaskesmas.v2i2/6017
https://doi.org/10.31478/202206e
https://doi.org/10.3390/ijerph192416497

	﻿The accuracy of a novel stunting risk detection application based on nutrition and sanitation indicators in children aged under five years
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study area and stages
	﻿Design and samples
	﻿Inclusion and exclusion criteria
	﻿Sample size determination
	﻿Sampling technique and procedure


	﻿Stunting detection information system application based on nutrition and sanitation indicators
	﻿Application development, data collection, and measurements
	﻿Study stages and data collection

	﻿Stunting measurement
	﻿Quality assurance of data collection
	﻿Data processing and analysis
	﻿Results
	﻿Classification of nutritional status
	﻿Stunting risk detection using the application based on Mother-Child characteristics, nutrition indicators, and sanitation indicators in children aged < 5 years

	﻿Discussion
	﻿Conclusions
	﻿Recommendations
	﻿Limitations of the study

	﻿References


