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Abstract---Today, heart disease is a severe hazard to one's health that
may result in death or a long-term impairment because of the
complicated blend of clinical and pathological evidence required to
diagnose it. Despite the fact that medical diagnosis is a complex
activity that plays a critical role in saving human lives, there is a
dearth of appropriate tools to detect hidden linkages and patterns in
electronic health data. Computer-based automated decision support
systems are needed to lower the costs of clinical testing because of
this complexity. " In this study, we provide a method for predicting the
presence of cardiac disease based on clinical data collected from
patients. In this study, the primary goal is to develop a predictive
model for heart disease based on a combination of characteristics (risk
factors). Different machine learning classification strategies will be
deployed and evaluated based on conventional performance metrics
such as accuracy in order to compare different machine learning
algorithms.

Keywords---machine learning, diagnosis, heart disease, classification,
prediction.
Introduction

Heart illness encompasses a wide spectrum of disorders. These include coronary
artery disease, cardiac rhythm disorders (arrhythmias), and congenital heart
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defects. In the world's population, heart disease is the leading cause of illness and
death. Prediction of cardiovascular illness is recognized as one of the most
significant topics in clinical data analysis [1]. In the healthcare business, there is
a massive quantity of data. Using data mining, a big collection of raw healthcare
data may be transformed into useful information that can be used to make more
educated choices and forecasts [8].

According to the World Health Organization, more than 10 million people die each
year as a result of heart disease. Healthy living and early detection are the only
ways to avoid heart-related illnesses [7]. Today's healthcare system has two major
challenges: delivering high-quality services and making accurate diagnoses. Even
while heart disease has been identified as the leading cause of mortality around
the globe in recent years, it is also one of the most treatable.

Experts in the medical field have collected a massive amount of data that may be
examined to get new insights. Extraction of significant and hidden data from
massive volumes of data may be done using data mining methods. Typically, a
medical database contains discrete data. Because of this, making decisions based
on discrete data is difficult [2-3]. Machine Learning (ML) is a branch of data
mining that is adept at dealing with huge, well-formatted datasets.

Invasive-based procedures for diagnosing heart disease are based on medical
specialists' evaluation of the patient's medical history, physical examination
report, and any symptoms that seem to be problematic. All of these procedures
often result in inaccurate diagnoses and frequently cause diagnostic findings to
be delayed owing to human error. In addition, it is more costly and
computationally difficult, and it takes longer to evaluate [5-6].

“Noninvasive medical decision support systems based on machine learning
prediction models such as support vector machine (SVM), k-nearest neighbor (K-
NN), artificial neural network (ANN), decision tree (DT), logistic regression (LR),
AdaBoost (AB), Naive Bayes (NB), fuzzy logic (FL) and rough set [9-10] have been
created by different researchers to overcome these problems in invasive-based
diagnosis of heart disease”. Our main objective is to diagnose heart disease in the
early stage considering different factors like diabetes, blood pressure, age...etc. So
that we can cure the disease or make it better.

Background

The use of a machine-learning-based system for heart disease diagnostics has
been shown in several studies. The classification performance of several machine
learning algorithms on the heart disease dataset has been presented in the
literature review. El-Hasnony et al. [13] suggested a logistic regression classifier-
based decision support system for heart disease categorization and achieved a
classification accuracy of 77%. The use of global evolutionary techniques on the
Cleveland dataset resulted in very accurate predictions. Feature selection
strategies were utilized in the research to pick features. Because of this, it is
important to pick the right characteristics in order to get the best classification
results. MLP and SVM algorithms were employed [15] for the categorization of
cardiac disease. The suggested categorization method was able to achieve an
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accuracy of 80%. A method for classifying cardiac illness was developed to use a
hybrid neural network that combines a fuzzy neural network with an artificial
neural network [16-17]. Classification accuracy of 87.4 percent was attained by
the suggested classification method, which was tested.

Millions of people worldwide suffer from heart disease, which is still the leading
risk factor for death. In order to lower the cost of diagnostic testing, doctors
should use efficient, dependable, and computer-aided methods [14]. Using data
mining software, computers may create and categorize different properties. Heart
disease may be predicted using classification methods in this study. Machine
learning and its methodologies, as well as data pre-processing, evaluation
metrics, and a description of the dataset utilized in this study.

Machine Learning algorithms are very constructive algorithms in medical image
analysis to diagnose a specific disease [7][11]. There are many divisions in
machine learning like (i). supervised, (ii). semi-supervised, (iii).unsupervised,
(iv).reinforcement and (v).active learning algorithms.

i. Supervised Learning: This algorithm generates a cluster of training
instances with a respective objective to make the computer system learn
accurately. Once the input is received as training sets, it is classified using
classifications, and the outcomes of the machine are continuous instead of
discrete. It is used for perceiving the root mean square error to acquire the
accuracy by means of regression.

ii. Unsupervised Learning: Unlike supervised learning unsupervised learning
took self-decision. It restores the hidden pattern by feature learning. The
inputs are divided in form of clusters. The clustering relays on the group of
resemblance.

iii. Semi-Supervised Learning: As the name obliques semi-supervised learning
uses a partial training set of data. Hence semi-supervised learning is
trained on both supervised and unsupervised features based on labeled and
unlabeled sets of data.

iv. Active Learning: An active learning algorithm trains for only restricted
datasets to enhance the optimality.

v. Reinforcement Learning: In this reinforcement learning algorithm, it acts as
a response to the trained data based on the activity of the respective
programs.

Heart disease is now being referred to as a silent killer, since it often results in
death without evident signs. The illness's nature has led to a rise in fear about
the sickness and its long-term effects. As a result, ongoing research is being
conducted to try to forecast the occurrence of this devastating illness. As a result,
new instruments and approaches are being tested on a regular basis to meet
today's healthcare demands. Machine Learning methods may be quite useful in
this situation. Even though heart disease may manifest itself in a range of ways,
there is indeed a consistent set of key risk factors that impact whether someone is
at risk for heart disease or not. By gathering information from many sources and
taking it through a systematic classification and analysis process, we are able to
draw a conclusion. This method is well-suited for use in the field of
cardiovascular disease prognosis. Since "Prevention is better than cure," as the
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term indicates, it is possible to reduce the number of deaths caused by heart
disease through early detection and management of the condition.

Methods and Materials
Data Collection

Initially, we collect a dataset for our heart disease prediction system. After the
collection of the dataset, we split the dataset into training data and testing data.
The training dataset is used for prediction model learning and testing data is used
for evaluating the prediction model. For this project, 70% of training data is used
and 30% of data is used for testing. The dataset used for this project is Heart
Disease UCI [4]. The dataset consists of 76 attributes; out of which, 14 attributes
are used for the system as shown in table 1.

Table 1. Feature selected in a dataset

SL Attribute Description Distinct Values ofAttribute

No.

1 Age- represents the age of a person Multiple values hetween 29 & 71

5 Sex- descnbe the gender of the person (0-Female, 1-Male) 0,1

3 CP- represents the severity of chestpain the patient 1s suffering. 0,123

4 RestBP-Tt represents the patient™s BP. Multiple values hetween 948 200

5 Chol-Tt shows the cholesterol level ofthe patient. Multiple values hetween 126 & 564

6 FES-Tt represents the fasting bloodsugar in the patient. 0.1

7 Resting ECG-It shows the result of ECG 0.1.2

g Heartheat- shows the max heartbeatof a patient Multiple values from71 to 202

9 Exang- used to 1dentify 1f there 15 exercise-induced angma If ves=1 or | 0.1

) else no=0

10 QldPeak-describes the patient’s depression level. Multiple values between 0 to 6.2.
Slope- describes patient condition during peak exercise. It is divided into | 1.2.3.

1 three segments (Unsloping, Flat, Down sloping)

12. CA- Result of fluoroscopy. 0,123
Thal- test required for a patient suffering from pain in the chest or | 0,1.2.3
difficulty in breathing There are 4 kinds of values that represent the

13. Thallium test.
Target-It 1s the final column of the dataset. It 1s class or label, Colum. It | 0.1
represents the number of classes in the dataset. This dataset has binary
classification 1.e. two classes (0,11In class “0” represent there 15 less
possibility of heart disease whereas “1™ represents high chances of heart

14. disease. The value 07 Or “17 depends on the other 13 attributes.
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Data Pre-processing

Prior to training and testing a machine learning classifier, data must be
preprocessed to ensure an efficient representation of the data. The dataset has
been preprocessed using methods such as eliminating missing values, standard
scalar, and MinMax Scalar. Because the standard scalar assures that all features
have a mean and variance of O, it yields the same coefficient for all variables. In
MinMax Scalar, the data is shifted such that all features fall between the range of
0 and 1.

Imbalanced datasets can be balanced in two ways. They are Under Sampling and
Over Sampling (a) Under Sampling: In Under Sampling, dataset balance is done
by the reduction of the size of the ample class. This process is considered when
the amount of data is adequate. (b) Over Sampling: In Over Sampling, dataset
balance is done by increasing the size of the scarce samples. This process is
considered when the amount of data is inadequate. Pre-processing of data is
required for improving the accuracy of the model.

System Architecture

Predicting cardiac disease using the four classification methods described above
and analyzing performance. The study's goal is to accurately identify whether or
not a patient has a cardiac disease. The health care provider inputs the patient's
health report values into the system. Using this information, an algorithm is
created that predicts the likelihood of developing heart disease. Figure. 1
illustrates the system architecture of the model.

EXPLORATORY
DATA TRAINING MEADEL
INPUT MODEL SELECTION/OUTPUT
ANALYSIS
—eee D ———— Y T——  E—

SPLITING DATA SELECTING
VISUALIZATION TRAINING & MODEL WITH

TESTING HIGHER
DROPPING SUPERVISED ACCURACY

DATA-Er OUTLIERS LEARNING
PREDICTED
DATA
RANDOM VALUE
FEATURE FERERD
ENGINEERING SVM

Figure 1. System Architecture

The attributes listed in Table 1 are used as input to many machine learning
algorithms, including Random Forest, SVM, K-NN, Decision Tree, ANN, Logistic
Regression, and Naive Bayes. The input dataset is divided into 80 percent of the
training dataset and the remaining 20 percent of the testing dataset. Various
measures, including accuracy, precision, recall, and F-measure scores, are used
to calculate and analyze the performance of each method. The algorithms
investigated in this study are mentioned below.
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Naive Bayes

The NB is a classification method that uses supervised learning. Probability
theory is used to decide which feature vectors belong in which class. Conditional
probability values of vectors for a particular class are determined using the
training dataset. Conditional probabilities are used to create a new vectors class
after calculating the probability conditional value of each vector. NB is used to
categorize text-related issues [12].

Logistic Regression

Predicting the value of the predictive variable y when it falls within the range [O,
1] is a binary classification issue in which the solution is either O or 1. It also
employs multi-classification to predict y for y = [0,1,2,3]. There are 13
independent variables that make logistic regression good for classification [5].

Random Forest

In addition to classification and regression, Random Forest techniques are
employed in a variety of contexts. It builds a tree out of the data and uses it to
generate predictions. It is possible to utilize the Random Forest technique on
huge datasets, even if substantial sets of record values are missing. The decision
tree's produced samples may be preserved and used for new datasets. There are
two steps in a random forest: first, generate a random forest, and then make a
prediction using the random forest classifier that was built in the first stage [11].

Decision Tree

In a Decision Tree method, the central node reflects a dataset's properties, while
the outside branches indicate the results [18]. Because of their pace, reliability,
and ease of interpretation, decision trees are often used. In the Decision Tree, the
prediction of the class label comes from the tree's root. Record values are
evaluated from the perspective of root attribute values.

Support Vector Machine

SVM has pulled in a lot of consideration in the most recent decade and effectively
tried for different space applications [18-19]. SVMs are generally utilized for
learning characterization, relapse, or positioning capacities. SVM depends on
measurable learning hypothesis and underlying danger minimization standard
and has the aim of deciding the area of choice limits otherwise called hyperplane
that produce the ideal partition of classes. SVM is the most vigorous and careful
grouping strategy, there are numerous issues. The information examination in
SVM depends on arched quadratic programming, and it is computationally
exorbitant, as settling quadratic programming techniques requires huge network
tasks just as tedious mathematical calculations.
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Artificial Neural Network

As a supervised machine learning technique, the artificial neural network is a
mathematical model that integrates neurons that convey signals [11]. The ANN is
made up of three parts: inputs, outputs, and transfer functions. The input units
receive remarkable values and weights that are updated throughout the network's
training phase. The output of the artificial neural network is determined for the
known class; the weight is recalculated based on the difference between the
expected and actual output of the known class. Neurons are used to build an
ANN. This various combination of neurons from various structures is analogous
to multilayer perception.

K- Nearest Neighbor

One of the most popular supervised learning algorithms, K-NN, is used to classify
data. With the K-NN technique, a new input may be predicted as to what class it
belongs to based on how closely it resembles previous examples of that input in
the training data set [20]. For example, if a training set contains examples that
are identical to fresh data. Let (x, y) be the training observations, and let h: XY
be the learning function, such that given an observation x, h(x) can determine the
value of the observation y.

Experimental Results

Similarity scores were utilized to compare the performance characteristics of
several machine learning models that were assessed for the purpose of comparing
their respective accuracy rates. Logistic regression has an accuracy of 0.86 for a
given set of test data, whereas Random Forest has an accuracy of 0.90. As
compared to other machine learning algorithms, the Random Forest model
predicts Heart Disease with a greater accuracy.

In addition, the computing time was lowered, which is beneficial for deploying a
model. An outlier identification method known as Random Forest may help
identify data points with a non-Gaussian distribution. The problem here is that
the dataset's sample size is quite small. Machine learning and other optimization
approaches may also be applied to improve assessment outcomes. It is possible to
employ a variety of various methods of normalizing the data and comparing the
outcomes. More techniques might be explored to combine heart-disease-trained
ML and DL models with specific multimedia for the benefit of patients and
clinicians. In summary, inventory is an unpredictable mechanism that follows a
chain segment, and its dependencies are unpredictable By doing Model fitting for
the classification based algorithms, based on the accuracy percentages of all the
algorithms, we are more likely to decide to use a random forest algorithm which
suits the most for predicting whether the patient is likely to have heart disease or
not. Figure 2 depicts the evaluation result of a different algorithm for the
prediction of heart disease.
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Figure 2. Performance evaluation of a dlfferent algorithm for the prediction of
heart disease

Conclusion

Heart disease deaths are on the rise, making it necessary to develop a system that
accurately predicts heart disease. One of the most important aims of the inquiry
is the detection of cardiovascular disease. “Random Forest, SVM, K-NN, Decision
Tree, ANN, Logistic Regression, and Naive Bayes algorithms are compared for
their accuracy in predicting heart disease using the UCI machine learning
repository dataset in this work”. “The Random Forest algorithm was shown to be
the most accurate method for predicting heart disease, with an accuracy rate of
90.16 percent”. In the future, the development of a web-based framework depends
on the Random Forest strategy, including the use of a huge sample than that
employed in this experiment, which will help to increase the accuracy of the
results and aid health professionals in better forecasting heart disease.
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