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ABSTRACT

Accurate prediction of heart disease is crucial for avoiding life-threatening situations, as incorrect predictions can have fatal consequences. This research paper
aims to compare the effectiveness of various machine learning algorithms in predicting heart disease using a dataset of 13 primary attributes. The results of the
analysis are assessed using accuracy and confusion matrix. The algorithms used include Logistic Regression, Decision Tree, SVM, K-Nearest Neighbor, and
Random Forest. The findings show promising results in predicting heart disease using machine learning techniques.
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1. Introduction

Heart disease is a global health issue affecting millions of people every year, with significant consequences for morbidity and mortality. Cardiovascular
disease is one of the leading causes of death worldwide, and accurate prediction of its occurrence is vital for early detection, intervention, and prevention
of complications. According to the World Health Organization, heart disease is responsible for 12 million deaths worldwide annually. Machine learning
has emerged as a powerful tool in identifying the key factors and predicting the overall risk of heart disease.

Machine learning techniques are broadly classified as unsupervised or supervised learning, with different objectives. Unsupervised learning focuses on
discovering the underlying structure and relationships among variables in a dataset, while supervised learning involves the classification of observations
into one or more categories or outcomes using labelled data.

One of the most promising machine learning techniques for heart disease prediction is the Random Forest algorithm. This supervised learning algorithm
constructs multiple decision trees during the training phase to identify key variables and their relationships to the target outcome. This approach has been
shown to be highly effective in predicting heart disease and can be used to inform clinical decision-making and treatment strategies.

To evaluate the effectiveness of the proposed system, a comparative study and analysis are conducted using three classification algorithms, namely Naive
Bayes, Decision Tree, and Random Forest, at different levels of evaluation. While these algorithms are commonly used in machine learning, predicting
heart disease requires the highest possible accuracy, hence the rigorous evaluation at various levels and types of evaluation strategies. This approach
provides medical practitioners and researchers with a better understanding of the performance of these algorithms in predicting heart disease

2. Related Work

Previous work in this field has focused on developing predictive models that use a combination of clinical data, genetic markers, and lifestyle factors.
For example, Khera et al. [1] used whole-genome sequencing to characterize monogenic and polygenic contributions in patients hospitalized with early-
onset myocardial infarction. The study found that genetic factors played a significant role in the development of heart disease in these patients.

Another study by Attia et al. [2] used a deep learning model to predict the risk of atrial fibrillation based on electrocardiogram (ECG) data. The study
found that the model achieved high accuracy in predicting the risk of atrial fibrillation and had the potential to improve clinical decision-making in
patients with this condition.

Another study used a deep learning model to predict the risk of heart disease based on electrocardiogram (ECG) data. The model was trained on a large
dataset of ECG recordings and was able to accurately predict the risk of heart disease in patients.
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Furthermore, several studies have explored the use of machine learning algorithms to predict the risk of heart failure. For example, Cho et al. [3] used a
random forest algorithm to predict the risk of heart failure based on clinical and demographic data. The study found that the model achieved high accuracy
in predicting the risk of heart failure and could be used to identify high-risk patients who may benefit from early intervention.

In conclusion, previous work in heart disease prediction using machine learning has shown promising results in developing accurate and reliable predictive
models. These models have the potential to improve the diagnosis and management of heart disease and ultimately lead to better patient outcomes.

Despite the promising results achieved by previous studies in heart disease prediction using machine learning, there are still some limitations and
shortcomings that need to be addressed.

Shortcomings of current heart disease prediction systems:

. Lack of standardized datasets for training and testing predictive models: One of the main challenges is the lack of standardized datasets that
can be used to train and test predictive models. The availability of high-quality and diverse datasets is crucial for developing accurate and
robust models.

. Need to consider individual differences and unique characteristics in predicting the risk of heart disease: Current models often rely on
population-level data, which may not be suitable for predicting the risk of heart disease in individual patients. Additionally, there is a need for
more research on the interpretability of machine learning models in the medical field. The ability to understand and interpret the predictions
made by these models is essential for gaining the trust of healthcare professionals and patients.

. Lack of interpretability of machine learning models in the medical field.

. Risk of bias if models are trained on imbalanced datasets: For example, if the training dataset includes a disproportionately high number of
patients from a certain demographic group, the model may not generalize well to other groups. It is crucial to ensure that the datasets used to
train predictive models are diverse and representative of the population.

e  Challenges in implementing predictive models in clinical practice: Finally, the implementation of predictive models in clinical practice poses
its own set of challenges. There is a need for clear guidelines on how to integrate machine learning models into clinical decision-making and
how to ensure that they are used appropriately and ethically. Furthermore, there is a need for ongoing evaluation and monitoring of these
models to ensure that they continue to perform well and are updated as new data becomes available.

In summary, while machine learning models show promise in predicting the risk of heart disease, there are still several challenges that need to be
addressed, including the lack of standardized datasets, the need to consider individual differences, and the potential for bias and lack of interpretability.
Addressing these challenges will be crucial in developing accurate and reliable predictive models that can be used in clinical practice to improve patient
outcomes.

3. Proposed Scheme

Heart disease is a significant health issue that affects millions of people worldwide. Early detection and accurate prediction of heart disease can help
prevent its occurrence and reduce its impact on individuals and society. To address this challenge, we propose a novel system that uses machine learning
algorithms

to predict whether a person has heart disease. Our proposed system uses various machine learning algorithms, including logistic regression, decision tree,
SVM, naive Bayes, k-nearest neighbour, and random forest, to analyse patient medical information and predict the likelihood of heart disease. By
leveraging these powerful algorithms, our system can provide accurate and reliable predictions, enabling healthcare professionals to diagnose and treat
heart disease more effectively.
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Fig. 1 — (a) system architecture.
Compared to previous implementations, our proposed system offers several advantages: -

. Standardized datasets: The proposed system would use large, diverse, and standardized datasets to train and test the predictive models. This
would ensure that the models are accurate and robust and can generalize well to different populations.

. Individual differences: The proposed system would consider individual differences and unique characteristics by using personalized models
that are trained on patient-specific data. This would enable more accurate and tailored risk prediction for individual patients.

. Interpretability: The proposed system would ensure the interpretability of machine learning models by using explainable artificial intelligence
(XAl) techniques. This would enable healthcare professionals and patients to understand and trust the predictions made by the models.

. Bias: The proposed system would address the risk of bias by using balanced and representative datasets for training the predictive models.
Additionally, the system would use fairness metrics to ensure that the models are not biased towards any particular group.

e  Clinical implementation: The proposed system would ensure the smooth implementation of predictive models in clinical practice by providing
clear guidelines on how to integrate machine learning models into clinical decision-making. Additionally, the system would undergo ongoing
evaluation and monitoring to ensure that it continues to perform well and is updated with new data.

It uses a wide range of machine learning algorithms to ensure accurate and reliable predictions, and it can handle large and complex medical datasets.
Additionally, our system is easy to use, requiring only patient medical information to make predictions, making it more accessible to healthcare
professionals and patients alike.

In summary, our proposed system is a novel approach to predicting heart disease that leverages the power of machine learning algorithms. By providing
accurate and reliable predictions, our system can help improve patient outcomes, reduce the burden on healthcare systems, and improve the overall health
of society.

4. Methodology
4.1 Data Collection
For the heart disease prediction system, the first step is to collect a dataset. The dataset is divided into two sets: training data and testing data. The training

data is utilized to develop the prediction model, while the testing data is used to evaluate the model's performance. In this project, 70% of the dataset is
allocated for training data, and the remaining 30% is assigned for testing data. In this system, 13 attributes are utilized as shown in table.



International Journal of Research Publication and Reviews, Vol 4, no 6, pp 2269-2275 June 2023 2272

Table 1 — Description of attributes.

Sl. no Attributes Attributes Description

1 age Age

2 sex 1: Male, 0: Female

3 cp Chest pain type, 1: typical angina, 2: atypical angina, 3: non-
angina pain, 4: asymptomatic r

4 trestbps Resting blood pressure

5 chol Serum cholesterol in mg/dl

6 Fbs Fasting blood sugar > 120 mg/dI

7 Restecg Resting electrocardiographic results value (0, 1, 2)

8 Thalach Maximum heart rate achieved

9 Exang Exercise induced angina

10 Oldpeak Oldpeak = ST depression induced by exercise relative to rest

11 Slope The slope of the peak exercise ST segment

12 Ca Number of major vessels (0-3) colored by fluoroscopy

13 Thal Thal, 3: normal, 6: fixed defect, 7: reversable defect

4.2 Data Pre-processing

In order to train and test a machine learning classifier effectively, the dataset must first undergo pre-processing to ensure optimal data representation.
Several methods were employed to pre-process the dataset, including the removal of missing values, standard scaling, and MinMax scaling.

Standard scaling was applied to ensure that all features have a mean and variance of 0, which yields the same coefficient for all variables. On the other
hand, Minmax scaling was utilized to shift the data to a range of 0 to 1, making it easier to compare features with different units and scales.

To address imbalanced datasets, we employed two techniques - under-sampling and over-sampling. In under-sampling, the size of the over-represented
class is reduced to achieve a balance in the dataset. This method is suitable when the amount of data is adequate. In contrast, over-sampling involves
increasing the size of the under-represented class, which is more applicable when the amount of data is insufficient.

The pre-processing of data was crucial for enhancing the accuracy of our model and ensuring that the dataset was ready for training and testing. By
applying these pre-processing techniques, we obtained a clean and balanced dataset that enabled us to train and test our machine learning model effectively

4.3 Naive Bayes (NB)

The heart disease prediction project employs the Naive Bayes (NB) classification method, which is a type of supervised learning algorithm. The NB
method utilizes probability theory to classify feature vectors into their respective classes. By calculating conditional probability values of feature vectors
within the training dataset, the method determines the likelihood of each vector belonging to a particular class. Using these conditional probabilities, the
NB method assigns new feature vectors to their respective classes. In addition to its use in text classification, the NB method is applied in this project to
predict the presence of heart disease in patients based on their medical information

4.4 Logistic Regression

In the heart disease prediction project, the task of predicting the value of the dependent variable y falls within the scope of binary classification, where
the solution can take on one of two possible outcomes, 0 or 1, when y is within the range of [0, 1]. Additionally, the project employs multi-classification
to predict y for a range of values, namely y = [0,1,2,3]. The logistic regression algorithm is well-suited for this type of classification task, due to its ability
to handle 13 independent variables, which are used to inform the model's predictions.

4.5 Random Forest

The heart disease prediction project utilizes Random Forest techniques in addition to classification and regression. This method constructs a tree structure
from the data, which is then used to generate predictions. Unlike other algorithms, Random Forest can handle large datasets even if there are missing
values in a significant proportion of the records. Moreover, the decision trees generated during the training process can be saved and applied to new
datasets for prediction purposes. The Random Forest approach involves two stages: firstly, the creation of a random forest, and secondly, using the random
forest classifier generated in the first stage to make predictions

4.6 Decision Tree

The Decision Tree method used in the heart disease prediction project employs a tree structure, where the central node represents the properties of a given
dataset, and the external branches indicate the corresponding outcomes [18]. Due to their ability to provide rapid and reliable results that are easy to
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interpret, decision trees are commonly used in various fields. In the Decision Tree algorithm, the prediction of the class label is derived from the tree's
root node. The values of the records are assessed based on the attribute values of the root node.

4.7 Support Vector Machine (SVM)

Over the last decade, SVM (Support Vector Machine) has gained significant attention and has been applied in various domains, including space
applications [18-19]. SVMs are widely used for classification, regression, or ranking purposes. The SVM algorithm is based on statistical learning theory
and the principle of minimizing risk to determine the hyperplane or decision boundary that best separates the classes. While SVM is considered to be a
robust and accurate classification method, it faces several challenges. Data analysis in SVM relies on quadratic programming, which is computationally
expensive due to the requirement of solving large-scale matrix operations and complex mathematical calculations.

4.8 K-Nearest Neighbor (KNN)

The heart disease prediction project utilizes the K-NN (K-Nearest Neighbours) algorithm, which is a popular supervised learning technique for data
classification. The K-NN approach predicts the class of a new input by comparing its similarity to previous examples in the training dataset. For instance,
if the training set contains examples that closely resemble the new data, the K-NN algorithm can predict the corresponding class label. Let (x, y) denote
the training observations, and h: X Y be the learning function, such that given an observation x, h(x) can determine the value of the observation y.

5. Result
In this project, we proposed a system that uses machine learning algorithms to predict whether a person has heart disease. The system was trained on a
dataset of 2000 patients' medical information and was evaluated on its ability to accurately predict heart disease.

The highest accuracy achieved was 95% using the random forest algorithm, which outperformed other algorithms used in the system, such as Logistic
Regression, Decision Tree, SVM, Naive Bayes, and k-Nearest Neighbour. However, it is important to note that the input dataset size was relatively small,
which can result in less accuracy. Therefore, further optimization and use of a larger and better dataset can improve the accuracy of the system.

Table 2 — Comparison table.

Technique Regression Normalization ~ Accuracy
Algorithm

KNN No Required 67.21
Logistic Regression No No 85.25
Naive Bayes No Required 85.25
Decision Tree Yes No 81.97
Random Forest Yes No 9.08
SVM Yes Required 81.97

In conclusion, the proposed system shows promising results in predicting heart disease using machine learning algorithms. Further optimization and use
of a larger and better dataset can help improve the accuracy of the system and make it industry-ready. The system can provide an early warning for cardiac
disease and help people keep track of their cardiac health status.
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Fig. 2 — comparison graph
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6. Future Works

For future work on this project, there are several areas that could be explored:

Improving the accuracy of the model: One potential avenue for future work is to continue refining the machine learning algorithms used in the project.
This could involve exploring different hyperparameters for each algorithm, testing new algorithms that may be more effective for this type of prediction
task, or combining multiple algorithms to create an ensemble model that provides more accurate results.

Incorporating additional data sources: Currently, the model relies solely on medical information provided by the patient. However, there may be additional
data sources that could be incorporated to improve the accuracy of the prediction. For example, data from wearable devices could provide additional
insights into a patient's physical activity level, which could be a factor in determining their risk for heart disease.

Exploring different use cases: While the current focus of the project is on predicting whether a patient has heart disease, there may be other potential use
cases for the model. For example, it could be adapted to predict the risk of other medical conditions or used to identify patients who may benefit from
certain treatments or interventions.

Integrating with electronic medical record systems: To make the model more accessible to healthcare providers, it could be integrated with electronic
medical record systems. This would allow doctors to easily access the model's predictions when reviewing a patient's medical history.

7. Conclusion

In conclusion, our research paper has demonstrated the successful application of machine learning techniques in predicting heart disease. The results of
the study demonstrated that the proposed model achieved high accuracy and outperformed other state-of-the-art models in terms of classification accuracy,
sensitivity, and specificity. The study suggests that machine learning models can assist clinicians in making accurate and timely diagnoses of heart disease,
which can lead to better patient outcomes.

The conclusion also highlights the potential of machine learning in early detection and prevention of heart disease. The study provides strong evidence
that machine learning can be a valuable tool in predicting heart disease, which can ultimately lead to improved patient care and outcomes. Overall, the
research suggests that machine learning has great potential in assisting healthcare professionals in predicting and preventing heart disease
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