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ABSTRACT  

Cardiovascular diseases (CVD) have been the most usually taking place predominant situations impacting 
human fitness. CVDs may be prevented or managed with early detection, which can also additionally bring 
about decrease loss of life rates. Using gadget mastering algorithms to perceive threat variables is a promising 
method. We could need to provide a version that consists of many methodologies if you want to offer proper 
cardiac sickness prediction. To make certain the fulfilment of our proposed version, we hired green records 
collection, transformation methods and pre-processing to offer accurate records for the reason of schooling 
version. We analyzed a pooled dataset (Switzerland, Cleveland, Long Beach VA, and Stat log together with 
Hungarian). The proposed Hybrid Dc-lG algorithm is deployed to predict the heart disease. The prediction 
accuracy is compared with various other existing algorithms. To facilitate comparisons, the findings are offered 
individually. We can finish from the effects evaluation that our counselled version generated the most accuracy 
of 90%.Cardiovascular contamination has historically been taken into consideration the maximum severe and 
lethal sickness internal human body. Globally, the growing occurrence of cardiovascular ailments related to an 
excessive mortality charge poses a enormous threat and burden on healthcare systems. Men are much more 
likely to have cardiovascular problems than women, in particular in center or antique age [1], [2], nevertheless 
kids can increase similar fitness problems [3], [99]. 
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INTRODUCTION 
According to WHO data, heart disease is to blame for one-third of all deaths globally each 
year. It is estimated that cardiovascular disease claims the lives of around 17.9 million people 
each year throughout the world [4], [5]. According to the European Cardiology Society 
(ESC), there are around 26 million people worldwide who have been diagnosed with cardiac 
illness, with an additional 3.6 million being diagnosed each year. In the first two years after 
diagnosis, around half of all patients with heart disease die, and heart disease treatment 
accounts for about 3% of total health-care spending [6]. To effectively predict heart illness, 
you'll need a slew of different tests. Improper forecasting may be the result of medical staff 
lacking sufficient expertise [7]. It may be difficult to diagnose cancer at an early stage [8]. 
The surgical treatment of heart disease is tough, and this is much truer in developing countries 
that lack medical professionals, diagnostic equipment, and other resources essential for 
accurate diagnosis and treatment of heart patients [9]. It would help avoid catastrophic heart 
attacks and improve patient safety if cardiac failure risk could be precisely assessed. Machine 
learning algorithms can indeed be effective at detecting diseases provided they are properly 
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taught with relevant data [11]. To compare prediction models, there are publicly available 
datasets on heart disease. Scientists can now build the most accurate prediction model 
possible by combining machine learning and artificial intelligence, which are both on the rise. 
Cardiovascular disease (CVD) mortality has been on the rise in both adults and children, 
according to recent studies. Pre-processing is necessary due to the lack of uniformity and 
duplication in publicly available clinical datasets. [12]. It's vital to pick meaningful 
characteristics that may be used in prediction models as risk factors. Care should be taken 
while picking features as well as machine learning techniques for building trustworthy 
prediction models [13]. When looking at risk factors for heart disease, it's crucial to include 
those that meet three criteria: they're present in most people, they have a significant impact 
independently on heart disease, and they're within our direct control or treatment to reduce 
our chances [14]. There are numerous chance elements or developments that researchers have 
included into all in their fashions pertaining to CVD prediction. Exercise-caused angina 
(exang), exercise-caused ST melancholy in comparison to rest (old peak), slope, the range of 
essential vessels colored through fluoroscopy (ca), coronary heart state, most coronary heart 
charge reached (thalach), negative nutrition, and own circle of relatives records are all 
elements that need to be considered. According to current studies, a prediction have to meet at 
the least 14 traits with the intention to be correct and dependable [20]. Current studies 
struggles to mix those functions with suitable gadget studying algorithms with the intention to 
create a correct prediction of coronary heart disease [21]. Machine studying algorithms which 
have been skilled on applicable datasets are the maximum successful [22]–[25]. Data mining, 
alleviation selection, and LASSO are all techniques that could assist put together the statistics 
for a greater correct prediction due to the fact the algorithms rely upon the consistency of the 
schooling and checking out statistics. The chance of sickness occurrence may be predicted 
using classifiers and hybrid models after identifying the relevant factors. Different 
methodologies have been used by researchers to construct classifiers and hybrid models. 
Insufficient datasets of medical, selection of features, implementation of machine learning 
algorithms, as well as a lack of in-depth analysis are among the problems that may block 
accurate cardiac illness prediction. These information gaps will be filled by our study in order 
to create a more accurate CVD prediction model. This study incorporates data from five 
different datasets, resulting in a larger final dataset.  
Cardiovascular ailment may be efficiently managed with a mixture of life-style modifications, 
medication, and, in uncommon situations, surgery. With the proper therapy, the signs and 
symptoms of coronary heart ailment may be alleviated and the coronary heart's characteristic 
enhanced. Predicted effects may be utilised to keep away from and thereby decrease the price 
of surgical remedy and different high priced procedures.  

The foremost intention of my studies may be to reliably be expecting the lifestyles of 
coronary heart ailment the usage of a restrained range of exams and features. Considered 
attributes function the foremost foundation for checking out and offer fairly dependable 
findings. Numerous different enter variables is probably used, however our goal is to forecast 
the threat of growing coronary heart ailment the usage of fewer and greater green features. 
Often, medical doctors make selections primarily based totally on their instinct and 
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experience, in place of at the knowledge-wealthy records blanketed with inside the records 
series and databases. These method consequences in unwanted biases, mistakes, and useless 
clinical expenses, all of that have a bad effect at the high-satisfactory of care provided to 
patients.  
For the healthcare business, records mining have massive promise because it permits fitness 
establishments to systematically use records and analytics to discover inefficiencies and 
quality practises that decorate remedy and keep expenses. According to (Wurz &Takala, 
2006), probabilities to decorate remedy whilst reducing expenses may account for as much as 
30% of general healthcare spending. Data mining's fulfilment in enormously seen disciplines 
including e-commerce, marketing, and retail has led to its software in loads of different 
agencies and sectors. Healthcare is this sort of regions this is nonetheless coming across itself. 
Healthcare continues to be a "information-wealthy" yet "knowledge-poor" setting. Within 
healthcare systems, a plethora of records is to be had. However, there may be a dearth of 
suitable evaluation techniques for figuring out underlying hyperlinks and developments inside 
African genres' records.  
Cardiovascular Diseases account for 31% of fatalities global every year (CVDs). While there 
are numerous clinical gear to be had available in the marketplace for predicting cardiac 
ailment, all of them be afflicted by massive flaws: 

1. They are rather costly.  
2. They are incapable of accurately calculating the risk of heart disease.  

Machine learning may be a superior option for achieving high predictive accuracy for heart 
disorders. The primary aim is to develop a machine learning model capable of predicting 
whether or not a person has Heart Condition based on a combination of risk factors 
(parameters) defining the disease. To improve accuracy, four methods were analysed:  

● Support Vector Machine (SVM) 
● K-Nearest Neighbour Algorithm (KNN) 

● Random Forest Classifier 
● Hybrid Classifier Model 

 

BACKGROUND AND BASICS 
The heart is a critical organ for the healthy functioning of our bodies. According to a WHO 
report, cardiovascular diseases account for 31% of all fatalities globally each year (CVDs). 
Additionally, over 75% of these fatalities occur in low- and middle-income nations, including 
India. The primary difficulty is precisely predicting the presence of CVDs within the human 
body. The previous strategies have been ineffective in accurately predicting cardiac problems. 
Numerous medical equipment are available on the market for the prediction of heart 
disorders, but these instruments have several disadvantages, including their high cost and 
inefficiency in forecasting heart diseases[10].  
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Age, gender, blood pressure, cholesterol, blood sugar, and diabetes, as well as various 
lifestyle variables such as obesity, bad eating habits, insufficient physical activity, smoking, 
and alcohol use, are all key risk factors for heart disease. The majority of lifestyle risk factors 
are within our control. Medical science has made excellent use of technology breakthroughs 
over the last several decades to improve the quality of healthcare. These technological 
developments have paved the path for more precise illness detection and prognosis. Because 
machine learning is capable of analysing enormous volumes of data and recognising patterns 
and trends, it may be an excellent candidate for achieving high accuracy in predicting cardiac 
illnesses. Additionally, machine learning produces considerably more accurate and timely 
results. There are more soft computing techniques, such as Artificial Neural Networks (ANN), 
Deep Learning, Fuzzy Logic, Data Mining, and Genetic Algorithms, that can be used for heart 
disease prediction.  
 

RESEARCH GAP 
Feature selection as well as classical classification approaches has been the focus of most 
research in order to improve prediction accuracy. The accuracy of the model suffers because 
of missing data values (as they reduce the sample population inside the data, leading to an 
ineffective model). However, this issue has gotten little attention. In previous research aiming 
at improving accuracy, the problem of class imbalances (where another sample size about one 
level or class is much lower as compared to the study population in relation to different 
class/classes) was not well addressed. Prior to presenting any sort of classification method, it's 
critical to solve the problems of incomplete data and class imbalance.  
Also, the dataset's properties have a substantial influence on the accuracy as well as 
complexity of computational nature of something like the process of machine learning, as 
well. As a result, selecting the proper subset of attributes for feature extraction is the 
fundamental goal of any machine learning process. The feature selection process as a whole 
appears to require marked enhancement to make sure the right subset of features is 
handpicked that contributes to dependable prediction with increased accuracy, even though 
researchers have also  proposed different types of techniques of feature selection as well as 
algorithms of classification for just the datasets that are given. If you want to keep classifier 
processing complexity to a minimum, make sure your feature selection strategy extracts just 
those bits that are absolutely essential for making accurate predictions. Classification methods 
must also be effective if they are to boost accuracy.  

Thus, a flexible Hybrid Dc-lG Algorithm that is applicable to a broad range of datasets, 
accounts for missing values/unbalanced classes, and delivers credible predictions (with few 
features and low computational cost) is uncommon in the literature.  
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METHODOLOGY  
In this article, we suggest a unique Hybrid Dc-lG Algorithm for cardiovascular disease 
prediction. The purpose of this research is to demonstrate an accurate machine learning model 
capable of accurately identifying cardiovascular illnesses using clinical information from 
patients. The suggested strategy is comprised of the following steps: 1) Data preparation, 
which includes the elimination of outliers, the replacement of missing values, and the 
management of imbalance classes. [Alg 1 and 2] 2) Feature selection based on feature 
relevance. Following that, model training is carried out, and the trained model is utilised to 
generate predictions. Our primary goal is to get superior results with a smaller number of 
characteristics and a lower level of computational complexity. Now, we shall discuss our 
Hybrid Dc-lG Algorithm. Initially, the suggested Hybrid Dc-lG Algorithm performs data 
preparation. The data preparation stage largely involves the examination of the data for 
probable outliers. In a dataset, outlier is a sample that differs significantly from the average 
behaviour related to the dataset [30].  

In data, more than 50 percent of large number of outliers is regarded as background noise, 
which has no bearing on data's usefulness and reduces a model's accuracy. Raveendrababu et 
al. [31] has stated that in order to remove outliers out from data helps get better outcomes, and 
they have provided several methods for doing so. With the use of Boxplot, our proposed 
Hybrid Dc-lG Algorithm removes outliers from the data. Summarizing five numerical values 
using boxplots is common. These five numerical values include: the minimum; Q1; Q2; Q3; 
and the highest. A box-like structure forms when all these five values are plotted; any value 
outside of the box is referred to be an outlier. Our proposed Hybrid Dc-lG Algorithm looks 
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for missing values after removing outliers. Missing values in datasets are common and might 
be caused by a faulty instrument or a clerical error. [32]. because there are fewer training 
examples available when the datasets involves missing values, as the model may indeed 
not be efficiently trained on it. Because of this, the model's accuracy has been lowered. As a 
result, the Hybrid Dc-lG Algorithm we propose replaces missing data with the attribute's 
mean value's mean value instead. Missing data is routinely replaced using the mean 
replacement approach, which is popular among scientists (e.g., Dodeen et al [33]). Over 
fitting is reduced since the training data may be retained without adding new information to 
the dataset. After pre-processing, feature selection is done by choosing any one of the feature 
selection algorithm where the less relevant features are removed. After which the data comes 
to the final stage, where the proposed method of Hybrid Dc-lG Algorithm would be to deal 
with predicting the disease by building the decision tree model rather than using entropy, but 
by using logistic regression less loss rate. Previously The Synthetic Minority Oversampling 
Technique (SMOTE) is entirely based on Canopy as well as K-means clustering [34] 
addresses this issue. SMOTE enhances the representative sample related to the class which 
are in minority by identifying the k closest neighbour of the minority class in question. The 
sample size for the minority class is then increased by selecting one of several k nearest 
neighbours at random [35]. This method may be used forever to create an unlimited number 
of samples from the minority class. To increase reliability and reduce unpredictability, this 
technique generates samples that are remarkably identical to the original. 

Our Hybrid Dc-lG Algorithm, on the other hand, uses ensemble classification and boosting to 
improve classification accuracy. By learning from its past results, the model becomes better at 
producing them going forward. Using a set of independent variables and the Logistic 
Regression approach, one may predict a categorical dependent variable's value. It's been 
widely used in health care to handle a wide range of forecasting problems.  
 

PROPOSED ALGORITHM: 
The Decision Tree approach is a well-known machine learning algorithm even though it is 
non-parametric. Whenever a particular attribute can easily be utilised to separate the data and 
help with judgement, it works well. [50]. 
The inputs used to create trees for training samples of data D have a high degree of 
randomness. Top-down recursion divide-and-conquer (DAC) is used to quickly and easily 
create these trees. On D, tree pruning is used to eliminate irrelevant samples.  

Entropy = - ∑ 		pij	log2	pij 

Algorithm 1  
Decision Tree-Based Partition 
Require: Input: D dataset - features with a target class 
for∀ features do 
forEach sample do 
Execute the Decision Tree algorithm 



 
 
 
 

DOI 10.5281/zenodo.6821312 
 

2090 | V 1 7 . I 0 6  
 

end for 
Identify the feature space f1, f2, . . . ,fxof dataset UCI. 
end for 
Obtain the total number of leaf nodes l1, l2, l3,. . . , ln with its constraints  
Split the dataset D into d1, d2, d3,. . . , dnbased on the leaf nodes constraints. 
Output: Partition datasets d1, d2, d3,. . . , dn 
 
Algorithm 2  
Apply ML to Find Less Error Rate 
Require: Input: Datasets with partition - d1, d2, d3,. . . , dn 
for∀  apply the rules do 
On the dataset R(d1,d2,d3,. . . . . . dn) 
end for 
Classify the dataset based on the rules C(R(d1),R(d2) 
. . . . . . R(dn))  
Output: Classified datasets with rules C(R(d1),R(d2) 
. . . . . . R(dn)) 
 
Algorithm 3  
Feature Extraction Using Less Error Classifier 
Require: Input: Classified datasets 
C(R(d1),R(d2). . . . . .R(dn)) 
for  A Find out min error rate from the input do 
Min(C(R(d1),R(d2). . . . . . R(dn)))  
end for 
Find out max error rate from the classifier. 
Output: Features with classified attributes F(d1, d2, d3, 
. . . , dn) 
 
Algorithm 4 
Apply Classifier on Extracted Features 
Apply the hybrid method based on the error rate 
∑ F(n)= d + m1x1 + m2x2 +...+ mnxn 
∑ F(0)=  =Gain + ∑ wixi 
 

DATASET 
This dataset was used to demonstrate the applicability of our Hybrid Dc-lG Algorithm. There 
were three times as many rounds of data gathering as there were rounds of testing. In 1948, 
5209 men and women between the ages of 30 and 62 were polled as part of the first round of 
the study. After the second round of screening was completed in 1971, a total of 5124 people 
were asked to submit to the same testing process again. These people were the offspring of the 
first wave of patricians. Eventually, the final cycle of data collection with the original cohort's 
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third generation ended in April 2002. The Framingham study gathered data on three 
generations of people: the original participants, their own children, and their grandchildren. 
The dataset includes all of this information. This improves the dataset's trustworthiness and 
guarantees that reliable predictions can be made from it. 4240 samples have been collected for 
this study; 644 of those are from class 1 (yes), while 3596 come from class 2. (No). 
Cardiovascular disease patients are represented by Class 1 samples, whereas healthy 
participants are represented by Class 2 samples. There are fifteen differentiating factors in this 
study. In addition to demographic and behavioural data, the dataset also includes medical 
history as well as current medical state, so it's a comprehensive resource. In order to generate 
CVD predictions, we propose a Hybrid Dc-lG Algorithm that takes use of these features. The 
properties of the dataset are summarised in Table 2.  

Dataset  
Patients' data from Cleveland, Hungary, Long Beach, and Switzerland comprise the Heart 
disease data collection. The merged dataset contains 14 characteristics and 916 samples, the 
majority of which include missing values. The following features are utilised in this section:  

We describe a novel approach to utilise machine learning algorithms to discover important 
traits, which improves the reliability of cardiovascular disease forecasting. A variety of 
feature combinations and well-known classification methods are used to introduce the 
prediction model. By merging a hybrid decision tree with such a linear model, we can 
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construct a prediction model for cardiovascular disease that performs better and is 90% 
accurate. To begin, the machine learning approach uses pre-processing to prepare the data. 
Then, features are selected using the DT entropy, modelling performance is evaluated and 
improved accuracy is obtained. There are several attribute combinations to choose from; 
therefore the feature selection as well as modelling procedure is repeated.  

Table 2: attributes of Framingham dataset. 

TOOLS AND TECHNOLOGIES 
Python is used for exploratory investigation and data processing [41]. The following table 
summarises the libraries that were consulted during this investigation. The 'Pandas' package is 
used to evaluate data that contains missing values and outliers. For data visualisation and 
graphing, 'Seaborn' and 'matplotlib' are utilised, which aids in data preparation. We utilised 
the 'imblearn' package to balance the dataset. The identification of pertinent characteristics 
and application of classification methods were made feasible with the usage of the 'sklearn' 
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package. Numpy makes it easier to work with high-level mathematical functions. We used 
this library to calculate the model's accuracy in our research.  

Table 3: Libraries used for Implementation 

Experimentation with Classification by Ensemble (EXAMINATION)  
Ensemble learning is a method for improving the accuracy of machine learning outcomes by 
combining many methods. When it comes to medical research, Ensemble has shown to be a 
valuable tool for increasing accuracy [48]. As an alternative, this is what we recommend: By 
merging Logistic Regression and Decision tree approaches, our new Hybrid Dc-lG Algorithm 
classifies. This ensemble's predictions are 99.1% accurate. This indicates that the model 
learns from its mistakes in the past to improve its accuracy going forward. We used a boosting 
method in the ensemble.  

Experimentation with Various Classifiers 
We also tried with many additional classifiers to illustrate the enhanced accuracy of our 
proposed ensemble. It is critical to emphasise that all experimental setups and characteristics 
remained constant. Fig. 6 compares the results achieved using the proposed ensemble with 
those obtained using a variety of different classifiers of machine learning on the identical 
features of Framingham dataset.  

1) Experimentation Using Logistic Regression:  
If you use Logistic Regression in a manner of binary classifier [49], every specimen is divided 
in two distinct categories either no or yes. It is employed to make predictions about a 
categorical dependent variable determined by a number of independent variables. A Logistic 
Regression Model with such a precision of 81% was utilised upon the provided features that 
are special.  

2) Experimentation That Uses  KNN 
In supervised learning, K-Nearest Neighbor (KNN) actually is a simple parametric approach 
to utilise. Supervised learning utilises pre-labeled practise data to help guide the learning 
process. An untrained model predicts a previously known sample when one is encountered. 
The KNN algorithm performs wonderfully with bigger datasets [51]. In addition, the findings 
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for numeric characteristics are outstanding. We find out how far apart the k nearest 
neighbours are by calculating the value of 'k'. The Euclidean Distance is frequently employed 
for comparing the distances of two neighbours. The Manhattan and Minkowski Distances, on 
the other hand, may be used to estimate how close two points are to one another. Numeric 
attributes are found in 4240 of the dataset's occurrences in the Framingham study. The value 
of k has been set to 5. This method is 83.4 percent accurate.  

3) Experimentation Using Decision Tree: 
The decision tree algorithm is a subset of the supervised learning family of algorithms. It may 
be used for classification as well as regression. It creates a tree with a root node that 
represents the primary attribute. Subsets of the datasets are available. Each subset must be 
constructed in such a way that at least one of the subset's data point attributes has the same 
value. This subset is used to create an internal node. The branch reflects the result of the 
previous node, which leads to the subsequent node. The class is represented by the leaf node.  
 

The advantages are numerous, particular, simple to use, and adaptable. The downsides include 
the fact that tree structures are susceptible to sampling and tree splitting is hungry. The 
decision tree is a non-trivial problem. . 

Table 4: Comparison 
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CONCLUSION AND FUTURE WORK 
Missing values are dealt with in the first step of the Hybrid Dc-lG Algorithm by using the 
mean replacement strategy. The Oversampling Technique is used to correct data imbalance in 
the second stage. The feature significance approach is used to pick features in the third stage. 
Python is used to implement our Hybrid Dc-lG Algorithm, which is available on our GitHub 
repository. The datasets namely the three benchmark datasets are - Framingham, Cleveland 
and Heart Disease, were used to verify the Hybrid Dc-lG Algorithm, with accuracies of 90 
percent respectively. It is clear from the comparison that our Hybrid Dc-lG Algorithm is more 
accurate than other methods, even though it makes use of less data and uses less computing 
power. Due to its high reliability, the Hybrid Dc-lG Algorithm may be utilised in the real 
world to diagnose cardiovascular problems early.  
This Hybrid Dc-lG Algorithm's preparation steps increase data dependability by identifying 
outliers, eliminating noise, and handling missing values. It's important to balance the data 
thereafter to prevent an incorrect fit to the model. The model's computational complexity is 
reduced during the feature selection stage. Together, all of these steps improve the algorithm's 
ability to accurately classify objects. Based on the results of three benchmark datasets, the 
proposed Hybrid Dc-lG Algorithm is both creative and trustworthy. It leverages a novel 
ensemble while also combining unique pre-processing and feature selection algorithms. Our 
new Hybrid Dc-lG Algorithm not only enhances accuracy, but it can also be used consistently 
to a wide range of datasets for the forecasting disease realted to heart and its related tissues. 
Currently, our new Hybrid Dc-lG Algorithm is being tested on the most recent and most 
advanced datasets. The Hybrid Dc-lG Algorithm we developed in collaboration with many 
hospitals is already being tested in real-world settings. So, our innovative Hybrid Dc-lG 
Algorithm's real-time evaluation of various patients will be revealed in the future, we expect.  
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