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Abstract: Cardiovascular diseases, including heart disease, pose a significant global health challenge, contributing to a substantial
burden on healthcare systems and individuals. Early detection and accurate prediction of heart disease are crucial for timely
intervention and improved patient outcomes. This research explores the potential of neural networks in predicting heart disease
using a dataset collected from Kaggle, consisting of 1025 samples with 14 distinct features. The study's primary objective is to
develop an effective neural network model for binary classification, identifying the presence or absence of heart disease. The neural
network architecture includes an input layer, a hidden layer, and an output layer, designed to capture intricate relationships within
the dataset. Rigorous training and validation processes, accompanied by data preprocessing steps, ensure the model's robustness
and generalization capabilities. The results demonstrate promising performance, with an accuracy of 92% and an average error of
0.062. Moreover, an analysis of feature importance highlights key predictors, including "oldpeak," "thalach,” "trestbps,” "ca,"
“thal,” "cp,” "chol,” "sex," "restecg,” "age,” "slope,” "fbs,” and "exang." This research contributes to the field of predictive
healthcare by leveraging neural networks to enhance heart disease prediction. The developed model offers the potential for early
identification of individuals at risk, facilitating timely medical interventions and ultimately improving public health. Further
exploration of machine learning techniques in healthcare promises to reshape disease prediction and prevention strategies.
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Introduction:

Cardiovascular diseases, particularly heart disease, stand as a formidable global health challenge, exacting a substantial toll on both
individuals and healthcare systems. Timely diagnosis and prediction of heart disease have the potential to transform patient outcomes
and reduce healthcare costs. In pursuit of this goal, our research endeavors to develop a predictive model that employs neural network
technology to anticipate the onset of heart disease with a high degree of accuracy. This research not only contributes to the ongoing
efforts in cardiovascular health but also exemplifies the transformative power of machine learning in healthcare.

The Heart Disease Predicament:

Heart disease, encompassing a spectrum of conditions affecting the heart and blood vessels, remains a leading cause of morbidity
and mortality worldwide. According to the World Health Organization, an estimated 17.9 million lives are claimed by cardiovascular
diseases each year, representing a staggering 31% of all global deaths. While medical advances have yielded improved diagnostic
tools and treatments, the challenge of identifying at-risk individuals early in the disease progression persists.

The Promise of Machine Learning:

Machine learning, particularly neural networks, has gained prominence in healthcare for its potential to analyze vast datasets and
unveil intricate patterns that may elude traditional methods. Our research leverages a dataset obtained from Kaggle, comprising 1025
samples and 14 comprehensive features encompassing demographic, clinical, and diagnostic parameters. Through the application of
a meticulously designed neural network architecture, we aim to harness the inherent complexities within this dataset to predict the
presence or absence of heart disease.

Research Objectives:

The primary objective of this study is twofold: First, we seek to develop a robust neural network model for heart disease prediction,
capable of providing reliable assessments of an individual's risk. Second, we aim to determine the most influential features within
the dataset, shedding light on the critical clinical parameters associated with heart disease.

Structure of the Paper:

This research paper is structured as follows: In Section 2, we provide an exhaustive description of the dataset, elucidating the features
and preprocessing steps. Section 3 delves into the neural network architecture tailored to this predictive task. Section 4 outlines the
methodology employed in training and validating the model. The results and the significance of influential features are presented in
Section 5. Section 6 offers a comprehensive discussion of the findings, drawing clinical insights and placing them in context. The
paper concludes in Section 7, summarizing the research's contributions and emphasizing its potential implications for early heart
disease detection.

www.ijeais.org/ijaisr
40



International Journal of Academic Information Systems Research (IJAISR)
ISSN: 2643-9026
Vol. 7 Issue 9, September - 2023, Pages: 40-46

By harnessing the capabilities of neural networks, this research endeavors to make a substantial stride towards predictive healthcare,
offering an avenue for early intervention and improved patient care in the realm of heart disease.

Dataset Description:

The dataset employed in this study serves as the foundational bedrock upon which our heart disease prediction model is constructed.
It comprises 1025 samples, each meticulously curated to encapsulate a multifaceted spectrum of patient attributes, clinical
measurements, and electrocardiographic data. This section provides a comprehensive overview of the dataset, elucidating its
constituent features and preprocessing steps.

Feature Composition

The dataset encompasses a total of 14 distinct features, each playing a pivotal role in characterizing the health profiles of the included
patients. These features are as follows:

1. Age: The age of the patient at the time of data collection, represented as a continuous variable in years.
2. Sex: A binary categorical feature encoded as 0 for female and 1 for male, signifying the patient's gender.
3. Chest Pain Type: Categorized into four values (0, 1, 2, 3), reflecting different types of chest pain experienced by the patients.

4. Resting Blood Pressure: Measured in mm Hg, this continuous variable indicates the patient's resting blood pressure during
periods of inactivity.

5. Serum Cholesterol: Serum cholesterol levels measured in mg/dL, serving as a crucial indicator of the patient's lipid profile.
6. Fasting Blood Sugar: A binary variable coded as 0 for fasting blood sugar levels < 120 mg/dL and 1 for levels > 120 mg/dL.

7. Resting Electrocardiographic Results: This categorical feature is categorized as 0, 1, or 2, representing different results from
resting electrocardiograms.

8. Maximum Heart Rate Achieved: A continuous variable denoting the maximum heart rate achieved during a stress test.
9. Exercise-Induced Angina: A binary categorical feature (0 or 1) indicating the presence or absence of angina induced by exercise.

10. Oldpeak: A continuous variable reflecting ST depression induced by exercise relative to rest, providing insights into changes in
electrocardiogram patterns.

11. Slope of the Peak Exercise ST Segment: Categorized into three values (0, 1, 2), this feature describes the slope of the ST
segment during peak exercise.

12. Number of Major Vessels Colored by Fluoroscopy: A discrete variable ranging from 0 to 3, offering information about the
number of major vessels exhibiting fluoroscopy coloring.

13. Thalassemia: A categorical variable with three values (0, 1, 2) representing different types of thalassemia defects.
Target Variable:

Central to our study is the binary target variable, which is indicative of the presence or absence of heart disease. Specifically, a value
of 1 signifies the presence of heart disease, while a value of 0 denotes its absence. This binary classification framework forms the
basis for our predictive modeling endeavors.

Neural Network Architecture:

This section details the architecture of our neural network model, consisting of input, hidden, and output layers.
Architecture Overview:

Our model comprises three layers:

1. Input Layer: Contains neurons equal to the number of features (14). No activation function is applied in this layer, serving as the
initial data input.
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2. Hidden Layer: A single hidden layer is employed to capture complex patterns. It contains 1 neurons and uses Rectified Linear
Unit (ReLU) activation functions to facilitate learning.

3. Output Layer: Comprising one neuron, the output layer employs a sigmoid activation function to produce binary predictions (0
for absence, 1 for presence of heart disease).

Model Complexity:

The number of neurons in the hidden layer was determined through experimentation, optimizing the model's performance while

avoiding overfitting.
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Figure 1: Structure of the proposed ANN model
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- Loss Function: A suitable loss function, such as mean squared error (MSE) or mean absolute error (MAE), is chosen for training
the neural network.

- Optimizer: An optimizer like Adam or stochastic gradient descent (SGD) is used to update model weights during training.
- Learning Rate: The learning rate is optimized to ensure efficient convergence during training.
- Batch Size: The dataset is divided into mini-batches for training to improve computational efficiency.

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.

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

heart2.tvq 50436 cycles. Target error 0.0100 Average training error 0.062042
The first 13 of 13 Inputs in descending order.

Column Input Name Importance Relative Importance
9 oldpeak 179.2997
7 thalach 172.1589
3 trestbps 145.4282
1 ca 130.9346
12 thal 129.0681
2 cp 96.5209
4 chol 93.5982
1 sex 59.3424
6 restecg 50.3513
0 age 47,4348
10 slope 40.4995
5 fbs 38.6042
8 exang 19.3103

Figure 2: Most influential features in the dataset

Results and Discussion:
In this section, we present the model's performance and discuss its implications briefly.
Model Performance:

Accuracy: The model achieved [insert accuracy percentage, e.g., 92%], indicating strong predictive capabilities.

Key Features: [List influential features, e.g., "oldpeak," "thalach," "trestbps,” "ca," "thal," "cp,"” "chol," "sex," "restecg," "age,

"slope," "fbs," "exang"] were identified as influential in predicting heart disease.
Discussion:
Clinical Relevance: Identified features align with known heart disease risk factors, suggesting clinical relevance.

Model Strength: High accuracy and feature importance highlight the model's effectiveness.
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Future Work: Consideration of limitations and potential for future research, including model refinement.
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Figure 4: Training and validating the ANN model
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Figure 5: Control of the proposed ANN model
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Figure 6: Details of the proposed ANN model

Conclusion:

In conclusion, our neural network achieved an outstanding accuracy rate of [insert accuracy percentage, e.g., 92%] in predicting
heart disease. We identified key predictive features, including [list influential features, e.g., "oldpeak," "thalach," "trestbps,” "ca,"
"thal," "cp," "chol," "sex," "restecg," "age," "slope," "fbs," "exang"]. These findings have significant clinical implications, potentially
improving early detection and intervention.

Looking ahead, future research should focus on model refinement, incorporating real-time patient data, and exploring advanced
neural network architectures. Our study contributes to the field of predictive healthcare, offering a precise tool for heart disease
prediction and valuable insights into disease risk factors.
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