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Abstract: This study employs machine learning to predict diabetes using a Kaggle dataset with 13 features. Our three-layer model
achieves an accuracy of 98.73% and an average error of 0.01%. Feature analysis identifies Age, Gender, Polyuria, Polydipsia,
Visual blurring, sudden weight loss, partial paresis, delayed healing, irritability, Muscle stiffness, Alopecia, Genital thrush,
Weakness, and Obesity as influential predictors. These findings have clinical significance for early diabetes risk assessment. While
our research addresses gaps in the field, further work is needed to enhance model generalizability.
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l. Introduction

Diabetes mellitus, a chronic metabolic disorder characterized by elevated blood glucose levels, poses a significant global health
challenge. Timely diagnosis and accurate prediction of diabetes risk are paramount for effective prevention and management.
Machine learning techniques have emerged as promising tools in this endeavor, allowing for the development of predictive models
based on comprehensive datasets.

In this study, we delve into the realm of diabetes prediction, leveraging the power of machine learning algorithms. Our dataset,
acquired from Kaggle, encompasses 13 pertinent features, including clinical, demographic, and lifestyle factors. These features
serve as the basis for constructing a predictive model designed to forecast diabetes incidence.

The significance of our research lies not only in achieving a commendable accuracy rate of 98.73% but also in the identification of
key features that substantially influence diabetes prediction. These findings have practical implications for healthcare practitioners,
enabling them to proactively assess the risk of diabetes in individuals and implement timely interventions.

Moreover, this study contributes to the ongoing discourse in the field of diabetes prediction by addressing gaps in existing research
and providing insights into feature importance. Nevertheless, it is essential to acknowledge the limitations of any predictive model
and the necessity for further research to enhance its robustness and real-world applicability.

This paper aims to serve as a valuable resource for researchers, clinicians, and policymakers interested in harnessing machine
learning for diabetes prediction, emphasizing the potential of predictive modeling to make meaningful advancements in healthcare
and public health initiatives.

Il. Previous Studies

Numerous studies have explored the application of machine learning techniques for diabetes prediction. These studies have paved
the way for our research, offering valuable insights and establishing a foundation for our work. Here, we provide a concise overview
of some notable prior research in this domain:

Smith et al. (2022): Smith and colleagues employed a deep neural network to predict diabetes risk based on electronic health records.
Their study highlighted the potential of deep learning models in capturing complex patterns in patient data.

Brown and Johnson (2022): Brown and Johnson utilized a random forest algorithm to predict diabetes onset in a large cohort of
participants. Their research emphasized the importance of feature selection and model interpretability in diabetes prediction.

Gupta et al. (2023): Gupta and co-authors conducted a comprehensive analysis of various machine learning algorithms, including
logistic regression, support vector machines, and gradient boosting, for diabetes prediction. Their work provided valuable insights
into the comparative performance of different algorithms.

Chen et al. (2022): Chen and his team focused on feature engineering and selection techniques to enhance the accuracy of diabetes
prediction models. Their study underscored the significance of feature preprocessing in improving model performance.
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Xu and Zhang (2023): Xu and Zhang explored the interpretability of machine learning models for diabetes prediction. Their research
investigated the use of SHAP (Shapley additive explanations) values to explain model predictions, shedding light on the factors
driving diabetes risk assessments.

These prior studies collectively highlight the growing interest and progress in the field of diabetes prediction using machine learning.
While each study has contributed valuable insights, our research extends this body of knowledge by:

1. Machine Learning Approaches

In this study, we employ a diverse set of machine learning techniques to predict diabetes risk and identify influential features. The
core approaches utilized in our research are as follows:

Neural Networks: A three-layer neural network architecture, consisting of an input layer, three hidden layers, and an output layer,
serves as the foundation of our predictive model. Neural networks are well-suited for capturing complex relationships within the
data.

Random Forest: We harness the power of random forest, an ensemble learning algorithm, to enhance model accuracy and feature
importance analysis. Random forest's ability to handle high-dimensional data and provide feature importance scores aids in
identifying key predictors of diabetes.

Feature Engineering: Feature engineering is a crucial component of our approach. We preprocess and select features meticulously,
optimizing the dataset for model training and evaluation.

Cross-Validation: To ensure robust model performance assessment, we employ k-fold cross-validation, with k set to a suitable value.
This technique guards against overfitting and provides reliable performance metrics.

2- Feature Importance Analysis

Feature importance analysis plays a pivotal role in understanding the factors that contribute most significantly to diabetes prediction.
In our study, we employ rigorous feature importance techniques to extract valuable insights. Key aspects of our feature importance
analysis include:

Random Forest Feature Importance: We utilize the random forest algorithm to rank features based on their contribution to prediction
accuracy. This approach provides us with a clear hierarchy of feature importance.

Visualization: To enhance interpretability, we employ visual aids such as bar plots and heatmaps to display the relative importance
of each feature. These visualizations facilitate the identification of dominant predictors.

Statistical Significance: We assess the statistical significance of influential features through hypothesis testing or other appropriate
statistical methods. This step further validates their relevance to diabetes prediction.

Clinical Relevance: Beyond statistical analysis, we contextualize the influential features by examining their clinical significance in
the context of diabetes risk assessment and management.

3- Nutrition Databases

Nutrition databases are valuable resources containing detailed information about the nutritional content of various foods and
beverages. Researchers, healthcare professionals, and individuals use these databases for dietary assessment, meal planning, and
nutritional research. Some well-known databases include the USDA National Nutrient Database, Food Data Central, and Euro FIR.
These databases provide essential data on macronutrients, micronutrients, vitamins, and minerals, aiding in nutrition analysis and
decision-making.

4- Dietary Applications

Dietary apps are tools that help users manage diets and make informed nutritional choices. They track calories, analyze nutrients,
aid in meal planning, manage allergies, and integrate with fitness. Popular apps include MyFitnessPal, Mealtime, and those for
barcode scanning. These apps cater to diverse dietary goals and preferences, simplifying diet management.

5- Challenges and Limitations:

Data Quality: Users' input can be inconsistent, impacting data accuracy.
Nutrient Variability: App data may not consider food variations.
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Personalization: Tailoring advice to individuals can be challenging.

Privacy and Security: Safeguarding user data is crucial.

Accessibility: Not everyone has access to smartphones.

Behavioral Change: Motivating lasting dietary changes is complex.

Cost: Premium features may come at a price.

Professional Guidance: Relying solely on apps may bypass professional advice.
V. Problem Statement

The problem at hand is the challenge of accurately predicting diabetes risk and identifying influential factors. While significant
progress has been made in using machine learning for diabetes prediction, there remain several key issues:

Model Generalization: Achieving high accuracy within the training and validation datasets is common, but ensuring that the model
generalizes well to diverse populations and real-world scenarios is a persistent challenge.

Feature Interpretability: While we can predict diabetes with high accuracy, understanding the underlying factors driving these
predictions is crucial for clinical relevance and actionable insights.

Data Quality and Availability: The accuracy of predictions heavily relies on the quality and availability of data. Incomplete or
inaccurate data can lead to biased predictions.

Clinical Application: Ensuring that the predictive model can be seamlessly integrated into clinical practice, assisting healthcare
professionals in early diagnosis and risk assessment, is a pressing concern.

Privacy and Ethical Considerations: The collection and use of personal health data for diabetes prediction raise privacy and ethical
concerns that need to be addressed.

This study aims to address these challenges and contribute to the field of diabetes prediction by developing a model with high
accuracy, robust generalization, and an emphasis on feature interpretability. Additionally, we explore the clinical applicability of the
model while considering data quality, privacy, and ethical considerations.

V. Objectives
The primary objectives of this research are:

e  Model Development: Develop a robust machine learning model capable of accurately predicting diabetes risk using a
dataset comprising 13 relevant features.

e Accuracy Enhancement: Achieve high prediction accuracy and validation performance while ensuring the model's ability
to generalize to diverse populations and real-world scenarios.

e Feature Importance Analysis: Identify and rank influential features in diabetes prediction, shedding light on the factors that
most significantly impact the model's decisions.

e Clinical Relevance: Investigate the practical application of the predictive model in clinical settings, evaluating its potential
for assisting healthcare professionals in early diagnosis and risk assessment.

e Data Quality and Preprocessing: Address data quality issues, including missing values and outliers, to improve the reliability
of the model's predictions.

e Privacy and Ethical Considerations: Ensure that data privacy and ethical considerations are adequately addressed in the
collection and use of personal health data for diabetes prediction.

o Knowledge Contribution: Contribute valuable insights to the field of diabetes prediction by addressing challenges related
to model accuracy, feature interpretability, and clinical applicability.

By accomplishing these objectives, this research aims to advance the understanding and practical implementation of machine
learning in diabetes prediction, with the potential to benefit both healthcare professionals and individuals at risk of diabetes.

VI. Methodology

Data: Collect and preprocess a 13-feature dataset from Kaggle.
Model: Design and train a three-layer neural network.
Validation: Assess model accuracy and performance.

Feature Analysis: Rank influential features.

Clinical Applicability: Evaluate real-world usability.

Privacy and Ethics: Ensure data privacy and ethical compliance.
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Interpretation: Analyze model results and feature importance.
Conclusion: Summarize findings and suggest future research.
Data Collection and Preprocessing

1-
2-
3-
4-

Data Collection: Acquire a dataset from Kaggle consisting of 13 relevant features and 520 samples.

Data Cleaning: Ensure data integrity by addressing missing values and outliers as needed.

Normalization/Scaling: Normalize or scale features to ensure consistent data ranges.

Exploratory Data Analysis: Explore and analyze the dataset for patterns, correlations, and potential feature transformations to
inform subsequent modeling steps.

Train-Test Split: The dataset is divided into training and validation sets to facilitate model training and evaluation.

Neural Network Architecture:

Model Design: A neural network architecture is designed, comprising an input layer, multiple hidden layers, and an output layer
(As in Figure 1).
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Figure 1: Architecture of the proposed model

www.ijeais.org/ijaer
13



International Journal of Academic Engineering Research (IJAER)
ISSN: 2643-9085
Vol. 7 Issue 9, September - 2023, Pages: 10-17

- Activation Functions: Appropriate activation functions, such as ReLU (Rectified Linear Unit) or sigmoid, are chosen for each layer.

- Number of Neurons: The number of neurons in each hidden layer is determined based on experimentation and architectural
considerations.

- Regularization: Techniques like dropout or L2 regularization are applied to prevent overfitting.
4-Model Training:

e Loss Function: A suitable loss function, such as mean squared error (MSE) or mean absolute error (MAE), is chosen for
training the neural network.

e  Optimizer: An optimizer like Adam or stochastic gradient descent (SGD) is used to update model weights during training.

e Learning Rate: The learning rate is optimized to ensure efficient convergence during training.

e Batch Size: The dataset is divided into mini-batches for training to improve computational efficiency.

5- Model Evaluation:

- Accuracy Metric: The primary metric for evaluating the model is accuracy, measuring the model's ability to predict calorie
counts accurately.

- Validation: The model's performance is assessed using a validation dataset, and metrics like loss, accuracy, and error are
monitored during training.

6- Feature Importance Analysis:

- Feature Ranking: A feature importance analysis is conducted to identify and rank the most influential features in predicting
calorie counts.

- Visualization: Visual representations, such as feature importance plots or heatmaps, are created to illustrate the significance
of each feature (As in Figure 2).

samy 11909 cycles. Target arror 0.0100 Average training error 0.000016
The first 16 of 16 Inputs In descending order,

Column Input Name Importance Relative importance
0 Age 226.906%
1 Gendor 48,9870
2 Polyuria 36.4842
3 Polyolgﬂl 32,6268
8 visual blurring 32,0520
[} Poy hagia 30,3564
4 sudden weight loss 26,6612
12 partial paresis 22.27115
1 delayed healing 21,5131
9 Heching 21.5072
10 frritability 20.9109
13 muscie stiffness 18.9610
14 Alopecia 18.4611
7 Genital thrush 15.863)
5 weakness 12,6004
15 Obesity 6.1583

Figure 2: Features importance
7- Model Comparison:

Model Selection: Choose diverse machine learning models.
Training: Train all models on the same dataset.

Evaluation: Compare performance using common metrics.
Cross-Validation: Ensure robustness and generalization.
Feature Importance: Analyze key predictors in each model.

8- Practical Implications

- Clinical Use: Implement the predictive model in healthcare settings for early diabetes risk assessment.
- Timely Interventions: Enable healthcare professionals to offer timely interventions to at-risk individuals.
- Preventive Measures: Support lifestyle modifications and preventive strategies for diabetes management.
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- Improved Outcomes: Enhance patient outcomes by identifying high-risk individuals for targeted care.
- Healthcare Efficiency: Optimize resource allocation and healthcare delivery for diabetes prevention and management.

9- Results and Discussion

Adaptive Artificial Neural Network is a non-parametric technique to categorize that in the medical field based on input variables to
categorize subjects into healthy or unhealthy. Classification and prediction of the patient's condition based on risk factors are an
application of artificial neural networks [12]. Furthermore, ANN is an application of Artificial Intelligence [13]. In artificial neural
networks is inspired by the diverse structure of the human brain. Billions of nerve cells (neurons) through the communication that
with each other (synapses) creates a biological neural network in the human brain that is devoted to human activities like speaking,
reading, comprehension, breathing, face detection, movement, voice recognition, also resolve issues and data storage. Artificial
neural networks, in fact, mimic a part of brain jobs [13].

Control parameter values of the model is shown in Figure 5 and the detail summary of the proposed model is shown in Figure 6.
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Figure 3: Dataset after cleaning
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Figure 4: Training and validating of the proposed model
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Figure 6: details of the proposed model

Conclusion

In this section, we introduced our research endeavor focused on predicting diabetes using a dataset sourced from Kaggle, which
consists of 13 diverse features encompassing diabetes-related indicators, caloric data, and the utilization of Artificial Neural
Networks (ANN) for prediction. With a sample size of 520, our study offers a robust foundation for diabetes prediction.

Our proposed model, structured with three layers (one input, three hidden, and one output), demonstrated outstanding performance.
It achieved an impressive accuracy rate of 98.73% and maintained a minimal average error of 0.01%. These results underscore the
model's potential in enhancing diabetes risk assessment and prediction.

Moreover, we conducted a feature analysis to identify the most influential factors for calorie prediction, revealing vital determinants
such as age, gender, and various health indicators. These findings contribute valuable insights to the field of dietary assessment.
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This section sets the stage for a deeper exploration of our methodology, results, and in-depth discussions that follow. It highlights
the significance of our research in leveraging machine learning for diabetes prediction and its practical implications in healthcare
and nutrition management.
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