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The worldwide cause of mortality is cardiovascular heart disease. The
automatic prediction of heart disease can be made to possible for accurate
detection in initial stage. In recent year, the artificial intelligence approaches
giving promising outcomes in predicting various types of cardiovascular
conditions. The main focous of this work is to implementation of various
machine learning techniques used to predict cardiovascular heart disease
(CHD) using electrocardiogram (ECG) datasets. ECG provide the electrical
Signal from the heart that identify the presence of disease or not. The
preprocessing method are used for improving the quality of ECG signals and
extract the features from ECG of patients. There are several well-established
machine learning techniques, including support vector machine (SVM) and
K-nearest neighbour (KNN)., logistic regression and decision tree classifier
used for prediction of the disease. So, our finding of this paper will provide
the new understanding regarding CHD prediction using different machine
learning techniques. The Decision Tree-based machine learning model
demonstrated excellent performance, achieving 98% accuracy, 96%
precision, 100% recall, and an F1-score of 97%, which is better than rest of
other comparative machine learning models. Finaly expermental results
shows that decision tree approach providing better outcome amongs all the
algorithms with respect to all above mensioned parameter.
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1. INTRODUCTION

Coronary heart disease (CHD) is the very common type of heart disease in the world, and it is a
major cause of death. Heart diseases have killed 1.7 million Indians in 2016, increasing health care costs and
reducing productivity, costing India up to $237 billion from 2005-2015 [1]. According to World Health
Organization (WHO) estimates that 85% people died from heart attack and stroke, that estimated 17.9 million
peoples are died from CHD in 2019. Diagnosis of coronary disease is very crucial task. Early diagnosis of
disease increases the chances of a better treatment [2]. CHD are a serious and potentially life-threatening
condition that affects the cardiovascular system, characterized by the narrowing or blockage of the coronary
arteries. The diagnosis of CHD involves a combination of physical examination, medical history assessment
and various diagnostic tests [3]. These tests include medical history assessment, physical examination,
electrocardiogram (ECG), stress tests, echocardiogram, coronary angiography, blood tests, cardiac CT scans,
magnetic resonance imaging (MRI), and nuclear imaging studies [4], [5]. There are mainly two approaches
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used to diagnosis of CHD. First approach is the invasive process and latter one is the non-invasive processes.
Invasive process is a painful diagnostic procedure that provides important information of heart structure and
function of the heart [6]. In invasive procedure, a catheter has been penetrated to get X-rays of the heart’s
arteries (i.e., coronary arteries) called coronary Angiography or Arteriography. In non-invasive process is
painless procedure to cardiovascular diagnostic testing includes the complete spectrum of heart [7], [8]. Non-
invasive process has been done by highly skilled doctors and nurses, that having the knowledge to latest
diagnosis technology [9]. A non-invasive technique that measures the electrical activity of the heart, stress
tests evaluate the heart’s performance during physical activity or under stress, echocardiogram uses sound
waves to create images of the heart’s structure and function. Coronary angiography is an invasive techniques
that involves injecting a contrast dye into the coronary arteries, and blood tests measure certain substances in
the blood [10], [11].

ECG, which is observed by measuring the electrical activity of the heart is one of the most useful set
of procedure in detecting CHD [12]. ECG signals are outcome of non-invasive, cheap and readily accessible
diagnostic device, which can be very vital in early detection of anomalies in the heart [13]. Raw ECG signals
are very susceptible to noise and variability. It is very important to preprocess the Raw signals to enhance the
quality of the signal therefore it is able to define some meaningful features [14]. After preprocessing,
effectively apply the machine learning (ML) models with data integrity. The used data must maintain and
bare minimum errors that result good precision in classification of heart disease [15].

A lot of ML algorithms were implemented in the prediction of CHD and they are logistic regression
(LR), support vector machines (SVM), K-nearest neighbors (KNN) and decision trees (DT). These classifiers
uses different mathematical concepts with their abilities to learn and interpretability. These models were
applied on the same dataset with different evalution parameters [16]. The main objective of this study is to
make comparison of performance of these algorithms for predicting occurrence of CHD with use of ECG
datasets [17]. Performance metrics are applied to each model, including the accuracy, precision, recall, and
F1-score. Although the contributions and successful results achieved in the past studies, having still multiple
problems and gaps. The quality and preprocessing of the ECG data are one of major challenge because of
noise and artifacts may affects the accuracy of the models without effective processing [18]. Moreover, a
number of the available studies have narrow list of ML models or left the models unevaluated through
performance variables over sets of datasets. Also, The privious works does not contain comparative studies
that apply the same evaluation framework to a number of classifiers on a common dataset to give a clear
picture of which algorithm is the most appropriate in CHD prediction [19]. This study fills these gaps by
introducing a standardized experimental protocol that process raw ECG data, using several classification
methods, and conducts the analysis of the results according to well defined metrics [20]. The experimental
results of this work shows that the DT classifier gives better recall and F1-scores, as compared to other ML
algoriths [21]. This research also helps to understand better the ways to understand ML in order to increase
the predictive potential of the CHD detection systems.

2. LITERATURE REVIEW

This paper will conduct a review of literature on the past studies and will discuss how different
machine learning algorithms can be used to predict coronary heart disease (CHD) using ECG data. Another
fusion-based model that involves a holistic ultrasound image analysis method through the combination of the
merits of several components is also discussed in the study. The model obtains good and reliable classification
performance through the use of a pre-trained VGG19 network, discrete wavelet transform (DWT) to pre-process
the data, and the use of advanced segmentation methods [22]. Experimental tests carried out on ultrasound
images can show the relative performance of various algorithms.

The authors of this paper describe a strategy that should be used to enhance the result tracing,
accountability, transparency, and model refinement in the healthcare industry. The analysis also uses the LIME
method to determine major factors that can affect the heart disease which includes variables like ST slope and
cholesterol levels. The model is based on these features and thus projects the probability of a patient developing
cardiovascular disease. Also, SHAP is used to prioritize significant features, order them by their importance, to
gain a better understanding of how the model makes decisions. The strategy also proposes the problem in terms
of submodular optimization methods to improve interpretability and efficiency [23].

The authors of this study suggested a hybrid decision support system that would be used to identify
coronary heart disease in its early stages based on specific clinical parameters of heart disease (HD) patients. In
order to enhance the selection of features, hybridization of Genetic Algorithm (GA) and Recursive Feature
Elimination (RFE) was used to determine the most applicable features in the dataset. The trained system had an
accuracy of 86.6 which is better than some of the current heart disease prediction models mentioned in the
literature [24].
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In this study, the author introduced a smart healthcare framework for heart disease assessment using
deep learning and feature fusion techniques. Initially, the feature fusion approach integrates features extracted
from both sensor data and electronic medical records to produce meaningful healthcare information.
Furthermore, an additional method is applied to remove irrelevant and redundant features, improving data
quality. An efficient feature selection technique is employed to reduce computational complexity and enhance
overall system performance. The proposed model was evaluated using heart disease datasets and compared with
existing classifiers based on feature fusion, feature selection, and weighting strategies. The results demonstrate
that the system achieved an accuracy of 98%, outperforming other existing approaches [25].

Author discusses about the Advancements of technologies have to improved results in field of
biomedical science and research processes, particularly use in electrocardiogram. Electrocardiogram generate
the electrical signal and indicating a significant increment in the number of people suffering from heart disease.
The primary challenge of ECG signals is managing the irregularities and detecting the patient's condition. There
are five machine learning model are employed to identify the specific disease and differentiate between the
patient that predict the classes of normal and abnormal readings ECG characteristics. The of diseases RBBB and
CAS has yielded improved the results used by logistic regression and support vector machine algorithms that
achieving the accuracy rate of 95% respectively [26].

3. RESEARCH METHOD

The dataset used in our study, is ECG-Dataset.csv which is accessed the public datasets from
Kaggle. This dataset contains information (like age, sex, smoke, Idl, chp, weight, ihd, bpdias, bpsys, and so
on) about the group of various person having coronary heart disease [27]. All the implemetation have been
done on intell core i5 processor, with 8 GB RAM , and 500 GB SSD on windows 11 plaform in google Co-
Lab environment. Then the dataset is splitted in two subparts i.e. the training dataset, testing dataset. The
training datasets having the ratio of 80% and testing datasets splits in the ratio of 20% for predict the results.
Using some other operation like as remove the null parameter for analysis the better performance for machine
learning models. Then we have selected the some of the supervised machine learning approaches use to
comparison and evaluation of CHD prediction model. The proposed scheme consist of various steps are data
preprocessing, also divide the data in training and testing, results evaluation and building predictive model.
Which provides time-saving environment for diagnosis of the coronary heart diseases to the
cardiologist/physician All the chosen models are trained on the training dataset, then tested on the testing
dataset [28]. These experimenal proposed model shows in Figure 1.

Input coronary heart disease in
csv file

v
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Figure 1. Proposed model of CHD prediction
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After receiving the data with the use of the sufficient level of preprocessing, the second step was
executing various supervised classification methods to the data. These models used for this research were LR,
SVM, DT, and KNN. The choice of these models can be explained by the fact that they are effective in
medical and clinical prediction tasks. Final outcome the this framwork for all the classifer is wheather heart
disease is present or not. The following algorithms have been used this work is explained as follows:

3.1. Logistic regression (LR)

The best LR is supervised ML algorithms used for most applications. LR categorised on dependent
variables and produced discreate variable like as 0 or 1. The cost function works as sigmoid activation
function that predicts the probabilistic value deal with 0 or 1. So, the Logistic sigmoid activation function is
calculated as (1).

P(x) = — 1)

(1+e™%)

Where the p(x) probabilistic estimation function value that bound by 0 to 1, x is input variable of
predicted value of probability functions and e is the Euler’s functions. Using above equation (1), to predict
the CHD by LR model [29]. This model splits the CHD dataset trained and test with the best accuracy to
prediction of CHD.

3.2. Support vector machine (SVM)

In case CHD prediction, SVM play the important role using various parameter like as bp, sugar and
others. Svm algorithms mostaly used for classification that find the optimal hyperplane that saparates into
various classes with maximum margin [30]. Svm used a binary classifier contain that represent the set of
features xi associated with class label yi. so, the decision function of hyperplane that separates with two
classes is written as (2).

f(x) = sign(w.x + b) (2)

Where w is define weight vector with b is bias value, and sign function indicate the boundary
condition between -1 or +1 and x is sample class that indicate the prediction. The margin distance of
hyperplane and denoted as x+ as positive support vector and x- as negative support vector. So, the margin is
calculated as (3).

in = —>
margin = 3)

|lw|| is defined as Euclidean normal form of weight vectors w. So, the objective function of SVM
can be written as with maximum margin with equivalent minimum margin is (4).

minimize of % [lw]]?+ C*&
Subject: yi (w.xi + b) >1 - §rand § >0 4)

Where C parameter is balance among the margin and also used for misclassification. When increase
the value of C then margin will be small with less misclassification values and vice versa.

3.3. K-nearest neighbour (KNN)

KNN is also a supervise learning simple approach. It is stores whole case and classify the new
behaviour on the basis of similarity measurement scale. KNN used for reasoning-based cases and apply knn
algorithms. In these techniques, all data is classified into training and testing datasets and evaluated with the
point of lowest distance [31]. There are the many ways to find the similarity among the variable with n
numbers of attributes values. Let us consider the distance from point A to point B is measure;

1.Dist(A,B) = 0 and Dist(4,B) =0iff A=B (5)
2.Dist(4, B) = Dist (B, A) (6)
3.Dist(A,C) < Dist(A,B) + Dist(B,C) ©)
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All these property of KNN used to measurement of distance between the two points and third property is
defined as “Triangle in Equality”. And also increase the accuracy is depend on the value of K.

3.4. Decision tree classifier

Most popular algorithm of ML is DT algorithms. DT algorithms constructed the tree and split the
value node of class. the splited leaf node of same class is create the DT [32]. It is defining the gain ration
with gain knowledge for every feature a. Then information gain (IG) is calculated.

16(a) = Ent(S) = Tyt (@ o * Ent(Sa) (®)

Where S_a is the subset of splited feature. Val a is belong of all possible value of ‘a’ and |a| is
defined as total number of ‘a’ value. And also entropy of S is calculated as (9).

Class freq(Lj.S) freq(L;S)
Ent(S) = TjLy U TH S« log, (=) ©)

Where Lj be the set of classes, and num of class is distinct classes that predict the disease are
positive or negative. After that all the selected ML algorithm are evaluated using various parameters such as
accuracy score, precision score, recall value and F1-score [33]. Some steps for the prediction of heart disease
of model given in Figure 1. Then the results obtained for ML models are represented using tables. And
comparisons are made between the selection evaluation metrics of the selected machine algorithms. This will
be helpful in identifying the most accurate and efficient ML model among the selected these algorithms that
can be used for accurate diagnosis of CHD and advancement in medical science. The accurate diagnose of
heart disease using some analytical parameters of confusion metrics like as true negative (TN), true positive
(TP), false negative (FN), and false positive (FP) respectively [34]. Using confusion metrics parameters, it
helps and understand the performance of classification that analysis and predict the behaviour of CHD. The
performance of confusion metrics is identify the types of errors that makes [35]. So, a predicting
measurement of machine leaning problems that can be classified two or more classes. There are four different
outcomes are given as-

Precision: of precision is the correctly predicted positive parameters between all predicted parameter are
positive [36]. The precision value calculated as (10).

Precision = —— (10)
TP+FP
Recall: the recall value is defined as the correctly predicted positive parameter of CHD from all actual
positive parameters [37]. The recall value are calculated by (11).

TP
TP+FN

Recall = (11)

F1-score: the property of F1-score can be defined as the harmonics mean of both precision value and recall
values [38]. This is calculated by (12).

_ Precision*Recall
F1Score = 2 Precision+Recall (12)
Accuracy: the proportion of all correctly classified parameters is called accuracy [39]. Which is calculated by
(13).

TP+TN
TP+TN+FP+FN

Accuracy = (13)
It is applied to determine the precision of a classification model that is, the numbers of correct predictions in
total.

4. RESULTS

In this experiment, we have to predicted the outcomes and discussed about all related progress ML
architecture which calculates the predict method in the modality of CHD that are commonly used to
evaluation of CHD prediction. Using successful processing of the dataset, the following results are obtained.
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In one iteration, the whole process is performed by considering the selected features of given dataset.
To evaluate the result of confusion matrix from Table 1. Using confusion matrix, we have shows the various
parameters like as accuracy, recall, precision and F1-score are compare with the existing work of ML
approaches in this experiment. Which is shows in Table 2, We have calculated the all-evaluation parameter
with the comparison table which is predict the better results from existing model applied on CHD dataset.

From Table 1, we have to show that confusion matrix having value of true positive (TP), true
negative (TN), false positive (FP) and false negative (FN). Using these parameters to calculating the various
result with the present work of our experiment and visualiesed the result in Figure 2.

Table 1. Confusion matrix of various ML model

Model name TN TP FN FP
LR 23 39 1 4

SVM 24 39 0 4

KNN 4 37 20 6

DT classifier model 24 42 0 1

Comparative Parameter of Confusion Metrics

45
40
35
30
25
20
15
10

TN TP FN FP

W Logistic Regressions Support Vector Machine (SVM)

K Nearest Neighbours (KNN) Decision Tree Classifier Model

Figure 2. Comparative parameter of confusion metrics

We have calculated the all-evaluation parameter like as precision, recall, F1-score, and accuracy
with the comparison of various existing model on CHD dataset. From Table 2, we have calculated the
evaluation parameter of precision, recall, F1-score and accuracy. Using all these ML model, we have to
compare with better result to predicting the heart disease present or not. In these models, we have evaluated
all result of accuracy is present as 92% LR, 94% of SVM, 61% of nearest neighbours, and 98% of DT
classifier. All the predicted parameter of various classifier shows in Figure 3.

Table 2. Predicted result of various classifier models

Model Precision Recall Fl-score Accuracy
LR 85 95 90 92
SVM 85 100 92 94
KNN 40 16 23 61
DT classifier 96 100 97 98

The selected ML algorithms like as DT classifier have generated the most accurate results and also
having the highest values for the various evaluating parameters. So, the DT classifier will be used for better
diagnosis of CHD.
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Figure 3. Predicted results of ML

5. DISCUSSIONS

The evaluation of four models, ML-CHDPM, DL, histogram gradient boosting, and our DT
classifier, with comparative analysis, shows that there are considerable differences in how they perform when
using the following key evaluation parameters, precision, recall, F1-score, and accuracy in given Table 3.

Table 3. Comparision table of various models

Models Authors Precision Recall Fl-score Accuracy
ML-CHDPM Pachiyannan et al. [40] 87 96 91 94
DL Eleyan et al. [41] 98 99 98 98
Histogram gradient boosting classifier Sathi et al. [42] 88 89 89 90
DT classifier Our’s 96 100 97 98

The ML-CHDPM proposed by Pachiyannan et al. [40], has moderate performance as it has an
accuracy of 94% and precision of 87%, recall of 96% and F1-score of 91. It has high recall and, therefore, a
comparatively high false positive rate [40]. Histogram gradient boosting classifier by Sathi et al. [42] is a
little bit more balanced though comes with 90% accuracy, 88% precision, 89% recall, and an F1-score of
89% [41]. Eleyan et al. [41] DL model presents their results as being top-notch, with almost a perfect
98-percent mark across all metrics with accuracy 98%, F1-score 98%, precision 98%, recall 99% [42]. Such
high accuracy, however, is frequently at the expense of greater complexity, computation requirement and
decreased interpretation.

Compared to this, our suggested DT classifier becomes an interesting alternative with an accuracy of
98%, precision of 96%, recall of 100%, and F1 accuracy of 97%. It means that not only the model has no
false negatives (perfect recall) but the number of false positives is insignificant with high precision ratio. DT
model is very simple, transparent and uses less computational overhead and therefore is highly applicable in
clinical decision making environment. The DTs, in contrast to black-box DL models, introduce an extremely
important layer of trust and usability to medical professionals, since the interpolatory nature of the model is
not obscured by black-box functionality. In general, our model is not only highly predictive but also
convenient in practice, and thus it becomes a valuable method of detecting cardiovascular diseases at an early
stage of development.

6. CONCLUSION

In conclusion, the research of several ML algorithms for ECG data-based CHD prediction has
yielded encouraging findings. Numerous algorithms have been investigated and their efficacy in correctly
predicting CHD has been established, including LR, decision tress classifier, SVMs, KNN, and ensemble
learning techniques. According to ML algorithms can offer accurate analysis and forecasting abilities when
processing ECG data for CHD prediction. These algorithms have demonstrated good rates of precision,
recall, and accuracy in detecting CHD cases. However, more research is necessary to address a number of
problems. Hybrid models, which combine several algorithms or techniques, may increase prediction
precision. By including clinical features and domain knowledge in the study, the accuracy and interpretability
of the predictions may also be improved.
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