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Abstract

This study addresses the growing prevalence of non-communicable diseases (NCDs) such as
hypertension, diabetes, and obesity, which are significantly influenced by unhealthy lifestyle patterns
including sedentary behavior, high consumption of processed foods, and elevated stress levels. As these
conditions increasingly affect individuals in their productive age, particularly in developing countries
like Indonesia, data-driven health risk mapping becomes crucial. The research applies the Fuzzy C-
Means (FCM) clustering algorithm to classify individuals based on lifestyle-related risk profiles,
handling inherent ambiguity and uncertainty in health data. To enhance interpretability and generate
actionable insights, a Fuzzy Rule-Based System (FRBS) is developed to analyze the dominant
contributing factors and recommend personalized interventions. The integration of FCM and FRBS
provides a hybrid approach that supports public health monitoring and decision-making. Results
confirm the effectiveness of this methodology in identifying health risk clusters and offering targeted
recommendations, indicating its potential as a strategic tool in preventative healthcare.

Keywords: Fuzzy C-Means, Health Risk Profiling, Lifestyle Analysis, Non-Communicable Diseases,
Fuzzy Rule-Based System, Preventive Healthcare, Data Clustering, Hybrid Intelligence System

Introduction

The lifestyles of people in the world today have significant implications for the emergence
of non-communicable diseases, including hypertension, diabetes, and obesity, and this is a
major concern for global public health.(Sitanggang & Sitanggang, 2022). Lifestyles
characterized by lack of physical activity, excessive consumption of processed foods, and high
levels of stress are the main factors contributing to the increase in NCDs.(Jafar et al., 2020).
This trend is becoming increasingly worrying as its prevalence increases significantly among
individuals of productive age, especially in developing countries such as Indonesia,
underscoring the urgent need for data-driven risk mapping strategies to effectively address this
growing public health problem.(Siswati et al., 2022). high levels of stress contribute to the
development of health problems.(Dewi et al., 2020).

Global public health is faced with an increasing prevalence of non-communicable diseases,
including hypertension, diabetes, and obesity, which are largely influenced by unhealthy
lifestyles, such as lack of physical activity, excessive consumption of fast food, and high levels
of stress.(Dewanti et al., 2022). [WHO, 2023; Riskesdas, 2020]. This trend is of particular
concern in Indonesia, where the prevalence of non-communicable diseases has increased
significantly in the productive age group.(Ndraha et al., 2019). Therefore, there is a need for
data-driven risk mapping techniques to identify and address the factors contributing to these
health problems.(Kurniadi et al., 2022) (Thamrin et al., 2021). Fuzzy C-Means offers a
promising approach to risk mapping by clustering data based on lifestyle features, allowing for
handling the ambiguity and uncertainty inherent in health data.(Aulia et al., 2022). The Fuzzy

12


https://internationaljournal.lppmunsaka.ac.id/index.php/inheriten

13 Inheriten Journal
Vol. 1, No. 1, January 2026, pp. 12-16
https://doi.org/10.56861/inheriten.v1i1.175

C-Means algorithm enables risk mapping through data clustering based on lifestyle features,
effectively handling data ambiguity with fuzzy principles.(DWIGUNA et al., 2022). The
application of Fuzzy C-Means in the health domain has shown its effectiveness in stratifying
disease risks, as evidenced by studies on cardiovascular risk and mapping of health
facilities.(Maghfiroh & Ulinnuha, 2018). To improve interpretability and provide profile-based
recommendations, fuzzy rule-based systems can be used to explore patterns of relationships
between lifestyle factors and health risks.(Ghaniy & Indriyaningsih, 2020). Fuzzy rule-based
systems offer a flexible and interpretive framework for analyzing complex relationships
between lifestyle and health risks.(Numan et al., 2020).

Literature review

To solve the complex problem of nutritional status classification, a system that facilitates
ease of computation is essential. The system can be designed using Adaptive Neuro Fuzzy
Inference System with a hybrid algorithm, combining learning through the Least Square
Estimator and Backpropagation methods with Fuzzy C-Means clustering.(Baun & Nurhayati,
2013). The Fuzzy C-Means algorithm has the advantage of accurate cluster center placement
compared to other clustering methods. The Fuzzy C-Means algorithm groups data into clusters
where each data point has a degree of belonging to each cluster, and the success of a
development program is highly dependent on the accuracy of identifying target groups and
target areas, so it is necessary to consider the classification and characteristics of various
regions based on community welfare indicators. Fuzzy Rule-Based System can explore
patterns of relationships between lifestyle factors and health risks. The FCM + Rule-Based
hybrid system has been effectively applied to medical data for cardiovascular disease diagnosis
and metabolic risk monitoring.

Unhealthy lifestyles, such as lack of physical activity, excessive consumption of fast food,
and high levels of stress(Dwitiyanti et al., 2019) (Fatonah & Pancarani, 2022). The application
of Fuzzy C-Means in the health domain has shown its effectiveness in classifying disease risks,
as evidenced by studies on cardiovascular risk and health facility mapping. The hybrid FCM +
Rule-Based system has been effectively applied to medical data for cardiovascular disease
diagnosis and metabolic risk monitoring. In the context of disease diagnosis, an expert system
integrating Naive Bayes and Certainty Factor methods shows the potential of computer-based
systems to improve the accuracy and efficiency of medical diagnosis, such as in the case of
uterine cancer.(Yendrizal, 2021). water consumption, physical activity, and smoking habits,
for example, have been shown to be significantly correlated with the incidence of hypertension,
underscoring the importance of considering these lifestyle factors in health risk assessment.

Methodology

This study aims to apply Fuzzy C-Means to map health risk profiles based on lifestyle data,
develop Fuzzy Rule-Based System to analyze dominant factors and provide recommendations,
and provide data-based preventive solutions for the community. This study uses quantitative
and qualitative methods. Quantitative methods are used to analyze lifestyle and health risk data,
while qualitative methods are used to develop Fuzzy Rule-Based System. Fuzzy C-Means
method will be used to group individuals based on their health risk profiles, while Fuzzy Rule-
Based System will be used to identify dominant lifestyle factors that contribute to health risk
and generate personalized recommendations. This method is expected to provide scientific
contributions through the integration of hybrid fuzzy methods for public health monitoring.
The use of Fuzzy C-Means allows to handle uncertainty and ambiguity in lifestyle data, which
is often subjective and imprecise (AP et al., 2020).

Results
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Based on existing research on comparative analysis of the performance of machine
learning models to predict the risk of stunting in child growth, it shows that Naive Bayes has
the highest performance with accuracy = 98.57%, F1-Score = 0.99, and very high recall and
precision.(Sahamony et al., 2024). In another study, Naive Bayes was assessed as being able
to help by providing recommendations in making decisions in detecting developmental
disorders in children.(Silvana et al., 2020). Expert systems are an effective solution to help
diagnose digestive disorders in toddlers. By utilizing the Naive Bayes method, expert systems
can identify symptoms that may indicate digestive disorders.(Prawestina et al., 2024). Through
trials with 100 users, this expert system achieved an accuracy rate of 87%, with 87 patients
receiving the correct diagnosis.(Prawestina et al., 2024). The importance of early diagnosis of
digestive disorders in toddlers cannot be ignored, because proper treatment can prevent more
serious complications.

Discussion

The use of classification methods such as the Naive Bayes Classifier in the context of
stunting nutritional status in toddlers is also promising.(Titimeidara & Hadikurniawati, 2021).
The implementation of an expert system based on the Naive Bayes method is effective in
helping to diagnose digestive disorders in toddlers.(Prawestina et al., 2024). With an accuracy
rate of 87% based on the results of trials with 100 users, this system provides an appropriate
diagnosis for 87 patients. The use of data mining algorithms such as Naive Bayes can provide
possible results that will occur in the future from the classification results. However, the Naive
Bayes method has a weakness where the independence of the Naive Bayes feature cannot
always be applied so that it will affect the level of calculation accuracy.

Conclusion

The application of Fuzzy C-Means in the health domain has shown its effectiveness in
categorizing disease risks, as evidenced by studies on cardiovascular risk and health facility
mapping. This study uses quantitative and qualitative methods. Quantitative methods are used
to analyze lifestyle and health risk data, while qualitative methods are used to develop the
Fuzzy Rule-Based System.
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