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ABSTRACT

Diabetes mellitus is an important global health challenge and requires an accurate initial prediction
to reduce serious complications. Machine learning models, especially Support Vector Machines
(SVMs), have shown promise in diabetes classification works. However, SVM performance is
highly dependent on the optimal choice of hyperparameters, which is often set manually, causing
suboptimal results. To overcome this limit, this study suggests a hybrid approach that integrates a
genetic algorithm (GA) with SVM for diabetes detection using PIMA Indian Diabetes Data set. GA
adapts major SVM parameters including nuclear function, regularization parameters(C) and core
coefficients (y), models increase the generalization and classification accuracy. The proposed GA-
SVM model was evaluated using standard viewing measurements as accuracy, recall and F1 score.
Experimental results show that the GA-fragmented SVM achieves an accuracy of 80%, better than
the SVM model with standard parameters. In addition, the GA-powered adaptation significantly
improves the strength of the model, reduces overfitting and increases reliability. Conclusions suggest
that proposed techniques can effectively enhance the performance of machine learning models in
medical diagnosis
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Diabetes is a major global health problem,
with the growing number of cases reported
each year. Pima Indian’s diabetes dataset,
which is widely used in medical research,
provides valuable insight into diabetes risk
factors. In machine learning techniques,
Alirezaei et al. (2019) have been widely used
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to predict diabetes, where support vector (SVM) classification is a popular alternative due
to its efficiency in classification features. However, SVM’s performance is very sensitive
to the choice of hyperpieties, which can significantly affect the model’s accuracy (Asif et
al., 2025).

To address this challenge, evolutionary algorithms such as genetic algorithms (GA)
have been used to adapt to SVM parameters. Provided natural selection processes to
correct solutions, making it an effective tool for hyperpimeter setting. In this study, we
integrate with SVM to increase the prediction accuracy of diabetes on the PIMA data set.
The proposed GA-SVM model automatically selects optimal nuclear functions, penalties
(C) and Gamma (y), which has improved classification performance.

The experimental results suggest that the GA-SVM gets 80% accuracy and performs
efficiently compared to traditional SVM models. The findings from this study contribute
to growing research on intelligent systems to detect initial diabetes, which may facilitate
timely intervention and better patient results. To create a representation of input data,
Nature-Inspired Algorithms gives several techniques to optimize the represented data.
Raposo et al. (2024) extract increasingly abstract and feature selection, parameter tuning
and optimize in making the data analysis in large-scale datasets. This feature has led to
identifying the features that are more complex datasets, including medical diagnostics such
as cancer and diabetes prediction. Specifically, it improves the accuracy and performance
and interpretability of the model.

Table 1 represents a deep analysis of recent studies on diabetes prediction that combines
the Genetic Algorithms (GA) with Deep Learning (DL) techniques. Most models make
the predictions with complex datasets such as the PIMA Indian dataset, UCI Diabetes and
Kaggle-based datasets, while some studies make the model by taking the data from the
device. These models take the path from CNNs and LSTMs to more complex frameworks
like CNN-RNN and DNN+SVM, which optimizes the Model by using GA for feature
selection and hyperparameter tuning. This way of combining algorithms has been shown to
improve the prediction accuracy, generalization, and efficiency for each model. As shown
in Figure 1, performance metrics demonstrate the outcomes across, which has proved the
highest accuracy of 98% using a CNN-RNN, a complex hybrid model optimized with
GA, while many studies also achieved 97.5% accuracy, with consistently high precision
and recall. Demonstrated F-scores above 96%, whereas the GA’s ability to optimize input
features effectively. It has lower scores due to complex data in socioeconomic variables, the
use of GA has given improvements in the model. These findings highlight the significance
of evolutionary approaches like GA, thereby improving Deep Learning based diabetes
Predictions by ensuring both accuracy and efficiency in clinical decision support all models.
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Table 1

Hybrid GA-SVM Model for Accurate Diabetes Diagnosis

Comparison of existing methods

Dataset Image Types Methods Findings
Real-time IoT Sensor & LSTM-CNN Hybrid temporal-spatial model with GA tuning
Dataset Lifestyle Data + GA has given 95.8% F1 score for screening.
European ECG + Vitals + ID-CNN + GA  GA made the signal-based prediction, by
Diabetes Study  Diet giving 97.2% accuracy by taking physiological
patterns.
PIMA Indian Clinical Data CNN + GA GA features improve CNN accuracy by 97.5%,
Diabetes by improving the prediction efficiency.
Kaggle Diabetes Demographic+  DNN + GA + GA optimizes the input selection and increases
Medical SVM precision and recall.
UCI Diabetes Health Metrics LSTM + GA GA makes LSTM showing the early prediction
Dataset capability with 96% accuracy.

National Family
Health Survey
(India)

Socioeconomic +
Lifestyle

Random Forest
+ GA

GA makes by selecting the key features and
by improving diabetes classification in large
populations.

Self-collected Wearable Device ANN + PSO/ It makes the efficacy of evolutionary
from hospitals ~ Data GA optimization thereby reducing the false
positives.
PIMA + Custom Lifestyle + CNN-RNN Achieved 98% accuracy in predicting Type-2
Dataset Clinical Hybrid + GA diabetes from combined inputs.
Tongji Diabetes Genomic + Autoencoder It enhances the feature compression, by
Dataset (China) Clinical + GA improvising the unsupervised prediction of
diabetes risk.
Indian Diabetes Questionnaire MLP + GA It reduces the Features using GA which gives
Risk Score Data a lightweight model with 94% accuracy on
low-resource devices.
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Figure 1. Performance metrics
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MATERIALS AND METHODS

To address the challenge, evolutionary algorithms such as genetic algorithms (GA) have
been used to adapt to SVM parameters. Mohammed et al. (2024) provided natural selection
processes to correct solutions, making it an effective tool for hyperparameter setting. In
this study, we integrate with SVM to increase the prediction accuracy of diabetes on the
PIMA dataset (Navazi et al., 2023). The proposed GA-SVM model automatically selects
optimal nuclear functions, penalties (C) and Gamma (y), which has improved classification
performance.

RESULTS

The experimental results suggest that the GA-SVM gets 80% accuracy and performs
efficiently compared to traditional SVM models. The findings from this study contribute
to growing research on intelligent systems to detect initial diabetes, which may facilitate
timely intervention and better patient results. To create a representation of input data,
Nature-Inspired Algorithms gives several techniques to optimize the represented data.
These extract increasingly abstract and feature selection, parameter tuning and optimize
in making the data analyzing in large-scale datasets. This feature has led to identifying the
features that are more complex datasets, including medical diagnostics such as cancer and
diabetes prediction. Specifically, it improves the accuracy, performance and interpretability
of the model.

CONCLUSION

This study proposed a GA-optimized SVM model for accurate diabetes prediction on the
PIMA Indian dataset. The hybrid approach improved classification accuracy, achieving 80%
accuracy and enhanced model generalization. Results show that hyperparameter tuning
enhanced generalization and reduced overfitting. This study contributes to the growing
field of computational intelligence in the healthcare system by demonstrating the effect
of hybrid optimization techniques in the prediction of diabetes. The proposed model can
serve as a decision-making tool for doctors, which can enable early diagnosis and personal
treatment strategies. Future research directions aim to investigate alternative bio-inspired
customization algorithms and scale the model’s capabilities.
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