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Abstract

There are few bodily components as crucial as the heart. It aids in the filtration and distribution of
blood to every area of a body. The world's biggest cause of death is heart disease. It has been reported
that symptoms include breathing difficulties, fast heartbeat, and chest discomfort. They analyze this
data on a regular basis. This review begins with a brief introduction of cardiac disease and the present
methods used to treat it. It also provides a concise overview of the most important ML methods currently
published for the forecasting of CVD. Data analytics is helpful for making predictions with more data,
and it aids the medical Center in forecasting a variety of ailments. The monthly data retention rate is
quite high. The collected information may serve as a foundation for disease outbreak prediction.
Predictions and judgements have become feasible because to the massive amounts of data produced by
the healthcare business. Cardiovascular disease prediction and prevention is the greatest data analytic
problem. The abundance of data generated by healthcare facilities has prompted the development of
machine learning algorithms that can make accurate forecasts and sound decisions. The area of
Machine Learning (ML) within Al focuses on teaching computers new skills and tasks with little to no
human oversight. Finding patterns and making predictions are the goals of data analysis and statistical
approaches. This research compared many Machine Learning models to find the most effective one for
making more accurate predictions of cardiovascular disease (CVD). Finally, the survey delves into
several research gaps and difficulties, providing researchers with valuable information to inspire better
future work on HD prediction using ML models.

Keywords: Heart failure, Cardiovascular, Risk factor, Machine learning, Cardiovascular Disease.

INTRODUCTION

The human body's most vital organ is the heart. It's a muscular organ that sits just beneath the
breastbone, to the left of it. Heart disease accounts for more than 31% of all deaths annually, making it
the world's leading cause of death, according to the
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WHO. This figure comes to around 17.9 million
individuals. Heart and blood artery diseases, such as
rheumatic heart disease and cerebrovascular disease,
are together referred to as cardiovascular diseases.
A heart attack or stroke accounts for four out of
every five fatalities caused by cardiovascular
disease. These days, heart disease is the leading
cause of death worldwide. So, it's crucial to detect
heart disease early on, and leading a healthy
lifestyle may help you avoid it [1].

The cardiovascular disease group includes heart
failure. Without an adequate supply of blood, the
heart cannot pump blood effectively, leading to
heart failure. Hospitalization is the norm for
individual with heart failure. In both the US and
Europe, heart failure affects around 12% of the
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population. The National Health Survey indicated that cardiovascular disease was a leading cause of
death in Indonesia (26.4%) and ranked ninth overall; nonetheless, there is a lack of epidemiological
data about heart failure in Indonesia. The importance of predicting heart failure has grown among
medical professionals as a result of the high monetary worth of organs like the heart. But up to this
point, clinical heart failure prediction hasn't been very accurate [2]. The World Health Organization
(WHO) lists diabetes, heart disease, and breast cancer as the three most deadly chronic illnesses. The
majority of this disease's victims are from wealthy nations. Coronary artery disease is another name for
heart disease. Even while most people with heart disease have symptoms including chest pain and high
or low blood pressure, everyone is different [3].

Problems in the heart's capacity to circulate blood throughout the body are hallmarks of cardiac
irregularities or diseases. Symptoms, medical history, physical exam results, and laboratory tests must
all be considered in order to arrive at a diagnosis of heart failure. However, machine-learning
approaches may now be used to assist in the diagnosis and prognosis of this condition, thanks to
technological advancements and machines' data-processing capabilities. Many in the medical field are
interested in machine learning approaches because of their potential to improve cardiac disease
diagnosis and prognosis. Machine learning algorithms can sift through mountains of patient records in
search of trends and correlations that might otherwise go unnoticed by medical professionals [4].
Disease risk assessment may benefit greatly from the insights provided by these algorithms, which can
use computer models to provide accurate forecasts.

What follows is the remainder of the paper: Heart failure and cardiovascular heart disorders are
discussed in Sections Il and I11, respectively. The kinds of machine learning are analyzed in section IV.
The literature review on heart disease forecasting utilizing ML is presented in section V. This paper
concludes and discusses potential future directions in the last part.

OVERVIEW OF HEART FAILURE

Heart failure develops when the heart's minute blood pumping capacity is inadequate to provide the
body with oxygen and nutrients. Any one or both sides of the heart might be affected by heart failure.
As a outcomes of a heart's diminished pumping capacity, blood may leak out of the organs and tissues.
Despite popular belief, heart failure does not indicate that the heart has ceased beating; rather, it
indicates that the heart has become weak and unable to pump blood effectively. Heart failure is more
frequent in the elderly and those with underlying health issues, however it may happen to anybody at
any age. While heart disease often becomes worse with age, it is manageable with the right lifestyle
choices and may be left untreated for a long time. More than 50% of Americans diagnosed with heart
failure do not survive beyond 5 years after their diagnosis; 550,000 new patients are diagnosed with
heart failure annually [5].

An estimated 26 million individuals throughout the globe are already living with heart failure, and
the number of those affected is only going up. As the population ages, heart failure-related
complications and deaths will increase. The number one killer on a global scale is cardiovascular disease.
Heart disease and stroke kill more individuals every year than any other medical condition. The majority
of cardiovascular diseases are preventable if risk factors are identified and removed. People with cardiac
disease or high risk factors (e.g., hypertension, diabetes, hyperlipidemia, etc.) must be informed
promptly so that they may get the therapy they need. At this early stage, treatment options are limited
to medication or behavioural adjustments (risk factor removal). Cardiovascular disease prevention may
be approached from two angles: the population-wide and the individual [Figure 1].

A comprehensive strategy to combat cardiovascular illnesses might include taxing goods that
contribute to illness or increase risk factors, such as tobacco, certain foods, salts, sugars, etc. The next
step is to inspire individuals to adopt beneficial lifestyle habits like going for walks and enjoying sports.
The distribution and use of alcohol need to be reduced. The aforementioned examples should be
included into teaching to promote healthy lifestyle choices in youngsters and indirectly contribute to a
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decrease in patient numbers. Individuals with high overall cardiovascular risk or with levels of specific
risk factors exceeding established limits, such as hypertension and hypercholesterolemia, should be the
focus of health-care measures aimed at preventing initial heart attacks and strokes [6]. An Al method,
namely ML or classification, may be used to identify cases of heart failure using data that has already
been collected.

CARDIOVASCULAR DISEASES

A wide range of medical issues affecting the heart and blood vessels are collectively referred to as
"cardiovascular disease" (CVD). Angina and heart attacks are both disorders that fall under the umbrella
term of coronary artery disease (CAD). Heart failure, thromboembolic disease, peripheral artery disease,
venous thrombosis, carditis, hypertension, rheumatic heart disease, aortic aneurysms, cardiomyopathy,
abnormal heart rhythms, congenital heart disease, valvular heart disease, and carditis are all examples
of cardiovascular diseases. Different diseases have different underlying processes. In the US, CVD is
the leading cause of death, with dietary risk factors estimated to be accountable for 53% of CVD-related
fatalities. One of the main causes of peripheral artery disease, heart disease, and stroke is atherosclerosis.
Reasons for this include, but are not limited to, hypertension, smoking, diabetes mellitus, inactivity,
obesity, high cholesterol levels, an unhealthy diet, excessive alcohol use, and inadequate sleep [7].
Approximately one-fifth of all CVD deaths are caused by hypertension; another nine percent are
attributed to smoking, six percent to diabetes, six percent to a lack of physical exercise, and five percent
to obesity. Strep throat may lead to rheumatic heart disease if not managed.

The prevalence of cardiovascular disease (CVD) may be reduced by as much as 90 percent if certain
measures are taken. Positive lifestyle choices, such switching to a healthy diet, getting regular exercise,
quitting smoking, and consuming less alcohol, may lower the risk factors for CVD. More than that, it
aids in the management of risk factors including diabetes, hyperlipidemia, and hypertension. One
possible benefit of antibiotic therapy for strep throat is a decreased risk of rheumatic heart disease in
later years. Those who are otherwise healthy may not benefit from taking aspirin.

Types of Cardiovascular Disease
The following kinds of Cardiovascular heart diseases exist, and every one contains its symptoms and
action. Figure 2 shows the types of heart disease.

Rheumatic Heart Disease (RHD)

The heart valves may be irreparably damaged by rheumatic fever, leading to rheumatic heart disease.
In particular, it has the potential to impact the skin, brain, joints, heart, and connective tissues throughout
the body. Typically affecting youngsters between the ages of 5 and 15, RHD may permanently damage
the heart valves, which is a co-morbidity. In underdeveloped nations, streptococcal infections have been
rare, although they may rise a risk of heart failure in rheumatic if not treated.

Normal Heart Failure
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Figure 1. Heart failure.
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Figure 2. Types of Cardiovascular heart Disease

Ischemic Heart Disease (IHD)

An inability of a heart to get enough blood flow as a result of narrowing or occlusion of the coronary
arteries is the hallmark of ischemic heart disease, which goes by many names. In cases with suspected
IHD, such as angina pectoris, further diagnostic procedures, such as coronary angiography, may be
necessary. Atherosclerosis, the buildup of plague in blood vessels, is the most common cause of
narrowing, but blood clots and constriction of the vessels may also contribute. A myocardial infarction
(MI), sometimes referred to as a heart attack, happens when there is no longer any blood supply to the
heart muscles, which results in cell necrosis.

Congenital Heart Disease

Congenital heart disease describes an inherited cardiac defect. About one percent of live newborns
are affected by this most prevalent kind of congenital cardiac abnormality, which may disrupt the
normal blood flow to the heart [8].

Cardiomyopathy

An assortment of heart conditions known as cardiomyopathies may be characterised by a variety of
symptoms, including electrical or mechanical malfunction, inappropriate ventricular hypertrophy or
dilatation, and hereditary predisposition [9].

Valvular Heart Disease (VHD)

These four heart valves—the mitral, aortic, tricuspid, and pulmonary—are all responsible for
allowing blood to flow freely into the heart, but in people with valvular heart disease, these valves are
congenitally defective. Diseases caused by degraded values include stenosis and regurgitation. In order
to assess the patient's diagnosis, symptoms, and identification of VHD using auscultation, a clinical
method is necessary. When it comes to diagnosing diseases, determining their prevalence, and
predicting their outcomes, echocardiography is indispensable.

Atherosclerosis
The accumulation of plaque inside the walls of the arteries is known as atherosclerosis. A person's
brain, heart, legs, arms, and pelvic arteries are all vulnerable to its effects.

Aortic Valve Sclerosis and Stenosis
Characteristics of aortic valve stenosis and sclerosis, which mostly affect the elderly, include
calcification, stiffness, and an enlarged leaflet. Due to the similarities between atherosclerosis and aortic
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stenosis, various biochemical and clinical variables associated with aortic stenosis have been discovered;
these variables seem to align with the traditional risk factors for atherosclerosis. Myocardial infarction,
heart failure, and cardiovascular mortality are much more likely in patients with aortic sclerosis,
according to current research.

Risk Factors of Heart Disease

Risk factors are characteristics that indicate a higher likelihood of CVD [10]. Risk factors for
cardiovascular disease and stroke may be changed or eliminated totally. They can reduce the likelihood
of contracting diseases by altering risk factors. The following are examples of modifiable risk factors:
cigarette smoking, hypertension, sedentary lifestyle, obesity, excessive alcohol intake, and poor dietary
habits. Factors such as age and family history cannot be changed. In general, the likelihood of being
sick increases as the number of risk factors increases. In order to maintain good heart health, it is
essential to be aware of these risk factors[Figure 3]. Major contributors to the development of heart
disease include:

Harmful Blood Cholesterol Levels

The human liver could generate sufficient for necessities of the body, other than more cholesterol is
obtained frequently from eating foods [12]. If more cholesterol is made than the human body could
utilize, the additional cholesterol is constructed in the arteries’ walls containing those of the heart part
and this is directed to the tapering of an arteries and blood flow can have reduced to the brain, heart,
kidneys, and remaining parts.

Stress

Stress may also be a factor leading to heart disease. A risk of heart failure and heart attack may be
affected by the effects of mental stress, behavioral behaviors and socioeconomic status. Unrelieved
stress can even damage the arteries.

N
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Figure 3. Risk Factor of Heart Disease [11].
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Diabetes
Sugar may have happened by diabetes and it is built up in the blood. For adults, the death risks from
heart issues with diabetes can be high compared to those who do not contain diabetes [13, 14].

Obesity

Obesity can be surplus fat in the human body. There is evidence linking this extra fat to triglyceride,
bad cholesterol, and decreased good cholesterol levels. High blood pressure, diabetes, and heart issues
have happened through heart disease [15].

Smoking
There are a lot of harmful health impacts associated with smoking since it introduces a number of
pollutants into the body [16]. Injury to endothelial cells is one consequence of these impacts.

Physical Movement

Insufficient physical movement is directed to heart disease and other risk factors can also be happened
such as diabetes, obesity, high blood pressure, and cholesterol. Regular physical movements will lessen
the risk factor for a heart problem.

Signs and Symptoms of Heart Disease

Heart disease symptoms could be varied for women and men. For cases, men can be further probable
to contain chest pain. Women might contain other signs and symptoms like chest uneasiness, shortness
of breath, nausea, and severe exhaustion. Heart disease contains the following signs and symptoms [17]:

e Breathing Shortness

e Chest pressure, Chest ache, chest tension, and chest distress

e Ache in the chin, neckline, gullet, upper stomach

e Deadness, ache, flaw or chilliness in arms or arms when the blood vessels in those parts of the

body have been tapering.

Need for Heart Disease Prediction

Around the world, the estimated death is around 17.5 million and that occurs due to cardiovascular
disease. This cardiovascular disease mostly occurs in the middle-income and low-income people and it
has resulted in 75 percentage of mortality rate. Moreover, 80 percent of the deaths happens due to
cardiovascular disease because of heart attack and stroke. As per the report of WHO, India is one of the
countries with increasing number of cardiovascular disease patients added in every year. It is mandatory
to decrease the mortality rate that happens due to cardiovascular disease. Therefore, to overcome or to
rectify these problems, researchers have been trying a lot to forecast a heart disease in an initial stage
in order to give appropriate treatments to the patients in order to safeguard the human’s life. The
upgrading technology has been used by the researches to detect or predict the cardiovascular diseases.
Data mining which is one among them provides a great benefits for the health care industry to authorize
the health systems to utilize the data systematically and to identify the inefficiencies using analytics as
well as it produces the best practices in order to upgrade the treatment and reducing the cost [18].

According to the researches, the usage of opportunity to upgrade the care and reducing cost constantly
could be applied as much as 30 percentage of the entire medical spending. Data mining's success in
other areas has increased its use across a variety of businesses and domains, including marketing, e-
commerce, and retail.

OVERVIEW OF MACHINE LEARNING

The area of computer science known as machine learning (ML) makes use of Al to discover patterns
or correlations in data automatically, without any previous definition of these things [19]. It is born out
of the merging of two fields: computer science, which focuses on efficient algorithms for computing,
and statistics, which aims to infer connections from data. Because it is extremely difficult, if not
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impossible, for humans to extract meaningful information from the vast quantities of healthcare data
stored and processed, machine learning is seeing increased use in this area to aid in disease diagnosis
through data analysis, with the dual benefits of decreasing diagnostic time and increasing accuracy and
efficiency. The main idea behind ML algorithms is that they construct models by discovering hidden
patterns in the input information. Achieving that will allow them to make accurate predictions using
datasets that are totally new to the algorithms. By using this route, computers may "learn” to get wiser
and see patterns that a human being would have a very hard time spotting. ML methods and algorithms
are able to process and forecast data from massive datasets [Figure 4].

Artificial Intelligence

Machine Learning

Boosted Regression Tree

Deep Learning é/\ﬂjﬁ e

Deep Neural Network

{g% Random Forest

Convolutional Neural Network

Figure 4. Machine learning.

The three main methods by which computers acquire new knowledge are reinforcement learning,
unsupervised learning, and supervised learning.

Supervised Learning

Mathematical models are constructed by supervised learning algorithms using input-output data sets.
Training data, sometimes called a collection of training examples, is typically comprised of a randomly
chosen subset of the whole dataset. Training data typically consists of a supervisory signal, an output
that is sought, and one or more inputs. The mathematical model is doing what it does by using a vector
or array called a feature vector to represent each trainer dataset [20]. Information learned during training
is often represented as a matrix. Through repeated optimization of an objective function, supervised
learning algorithms retrieve knowledge from a model that contains functions that may be used to
forecast outputs from fresh inputs. Making use of an optimum function, the method accurately predicts
the outcome for inputs that were not included in the training data [Figure 5].

AOR
oo @ @ N

—_—

A i

Machine ML Model Predictions

Rectangle Circle

N NO

Triangle Hexagon
Test Data

Figure 5. Supervised learning.
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Figure 7. Reinforcement learning.

Unsupervised Machine Learning

An aim of unsupervised ML techniques is to uncover associations in a data structure without having
a quantifiable output, making them especially effective in description jobs. Due to the absence of a
response variable that may guide the study, this type of ML is known as unsupervised [21]. The purpose
of unsupervised learning is to unearth hidden patterns and relationships within a dataset. While they
will be focusing on supervised learning below, unsupervised learning encompasses several methods
usually employed in psychological categorization and psychometric research, such as PCA, factor
analysis, and mixture modeling. Therefore, unsupervised learning may be utilized to recognize latent
or unobserved mental health dimensions and trajectories and to ascertain the optimal method for sub-
categorizing dimensions (e.g., diagnostic groups) [Figure 6].

Reinforcement learning

In reinforcement learning, the goal is to teach a system to undertake actions that maximize the chance
of positive outcomes, so that such events occur more often. Reinforcement learning (RL) is a method
that is driven by the environment and may be used by software agents and robots to maximize
performance in certain settings. Responding to environmental observations in a manner that maximizes
favorable outcomes and minimizes negative ones is the purpose of RL. Utilizing Al models that have
been trained, RL has the potential to automate and improve operations in a wide range of sectors,
including supply manufacturing, autonomous driving, robots, and supply chain logistics [22]
[Figure 7].
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MACHINE LEARNING CLASSIFICATION TECHNIQUES FOR HEART FAILURE

The exponential growth of data has made machine learning a relatively new area of study. Machine
learning makes short work of what is otherwise an insurmountable challenge: extracting actionable
insights from massive datasets. The purpose of the research is to identify the health behavior’s that lead
to CVD and to rank the diagnostic tests in order of importance. Most notably, many performance
indicators are used to evaluate various machine learning algorithms. The data used in this thesis is
categorized by hand. The health benefits and risks of manual classification are debatable. Classification
is @ machine learning approach that forms the basis of 70% of the data used in this thesis, while 30% is
used for testing purposes. The outcome of the predictions is then used to compare the various algorithms.

Naive Bayes

When it comes to predictive modelling, Naive Bayes is an unexpectedly strong algorithm. This
statistical classifier aims to maximize the posterior probability in finding the class without assuming
any relationship between characteristics. Although this classifier ought to have the lowest error rate in
principle, this isn't necessarily the case in real-world situations. An absence of accessible probability
data and the assumption of class conditional independence lead to inaccuracies [23].

Avrtificial Neural Networks

MLP and other ANN take their cues from the natural world and may mimic very complicated non-
linear processes. ANNSs are a powerful tool in the machine learning toolbox. "Neural" systems are those
that mimic the way the human brain learns, as the name implies. As a general rule, neural networks
have three layers: input, output, and hidden. Typically, the input is transformed to a pattern that the
output layer may control by means of units in a hidden layer. ANNSs are great at discovering patterns
that would be difficult for a human programmer to extract and train to recognize because of their
complexity or ambiguity. Since their inception in the 1940s, neural networks have grown in importance
within the field of artificial intelligence. This is mostly because of a relatively recent method called
"backpropagation" that allows networks to modify their hidden layers of neurons when the outcomes
don't match the expectations of the developer [23] [Figure 8].

Support Vector Machine

SVM are equally adept at processing linear and non-linear datasets. In order to provide the training
data more depth, a non-linear mapping method is used. An SVM uses a hyperplane—a kind of line—
to split the space of input variables. The input variable space may be modified by applying the
hyperplane so that points with classes of 0 and 1 are divided into two columns. The two-dimensional

@ Input Layer O Hidden Layer @ Output Layer
Figure 8. Diagram of an artificial neural network.
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Principle of Support Vector Machines
SVM)

Input Space Feature Space
Figure 9. Principles of support vector machine operation.

equivalent of this would be a line, and it would be taken for granted that each input point would be
entirely isolated by it. A data set's margin is the distance from its hyperplane to its neighboring locations.
The optimal strategy for distinguishing between the two sets is to locate the hyperplane that has the
largest margin. Support vectors describe or bolster the hyperplane, which is why these locations are so
important. The optimal parameter values for maximizing the margin may be determined using an
optimization algorithm in practice. You can see the feature transformation process in Figure 9 [23].

Simple Logistic Regression

LR is a ML approach that has its roots in statistics. Binary classification makes use of this strategy
when a given value may be classified into two distinct groups. Logistic and linear regression have the
same goal of finding the values of the input variables' coefficients. In this case, a logistic function—a
non-linear function—is used to produce the output prediction, as opposed to linear regression. Any
number between zero and one may be transformed using the logistic function. The likelihood of a data
instance pertaining to class 0 or class 1 is determined by the predictions produced by logistic regression.
When more justification for a forecast is required, this may be essential. Removing associated variables
and those that are unrelated to the output variable improves the performance of logistic regression [23].

Decision Tree

A decision tree (DT) is an early supervised ML technique that, as its name suggests, aids in reaching
a choice. Used mostly for classification issues, the DT-based ML model constructs a tree-like model
with several nodes representing characteristics and branches indicating results of testing their related
nodes. Traversing the classification tree from top to bottom allows for a thorough inspection of each
node along the way, which ultimately results in the assignment of each sample to its expected class or
label. The DT-based ML classifier has been tested in many research for the purpose of predicting the
occurrence of cardiac diseases.

Random Forest

In the realm of ML, Random Forest is among the most well-known and potent algorithms. When it
comes to machine learning, one kind of method is known as Bagging or Bootstrap Aggregation. One
robust statistical method is the bootstrap, which may be used to estimate values from samples, such the
mean. A better estimate of the true mean value may be obtained by taking several data samples,
calculating their means, and then averaging them together. Using decision trees instead of calculating
the mean of every data sample is the norm in bagging, but otherwise the procedure is the same. This
part takes a large chunk of the training data and uses it to build models for each individual data point.
They average the predictions from all the models to provide a clearer view of the real output value,
which is necessary for all the data sets [23].

The steps for running the RF algorithm are as follows:

Chooses K occurrences at random from the training set.

Uses these k data points to construct a decision tree.

Selects the Tree subset of the trees and proceeds with steps 1 and 2.

Takes a majority vote into account when deciding the outcome or category.
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k-Nearest Neighbour

The Nearest Neighbor algorithm is one of the simplest ML techniques. Remembering the training set
and using it to forecast the label of each new occurrence based on its nearby neighbours' labels in the
list is the main objective. This method is based on the assumption that the details used to define the
domain points are relevant to their labelling in a way that makes it more likely that close points will
have the same label. In addition to this, the process of computing the nearest neighbours can be
performed very quickly under some conditions, even where the training set is very big.

Deep Learning

Deep learning (DL), now a relatively young but rapidly evolving branch of Al, has experienced a
series of successes and made its way into real-world applications on a wide range of complex problems.
DL has shown impressive progress in several fields such as image recognition, classification and
segmentation, genomics, NLP, recognition of heart sounds and reconstruction of brain circuits. DL
based on multilayer artificial neural networks is what constructs its core, which is to copy the way the
human brain processes information. Deep learning (DL) employs data for exploring complex multi-
tiered representations with different levels of abstraction. Revolutionary features of DL are now feasible
due to the breakthroughs in graphics processing units and cloud computing, which makes it possible to
run compute-intensive DL algorithms extensively. RNNs and CNNs are two well-known artificial
neural network (DL) algorithms [24].

LITERATURE REVIEW

There are various different machine learning algorithms, among those, one algorithm is used to
forecast a heart disease at an early stage. In this section, give a short review of recent related works.

This study determines the optimal collection of features for the chosen algorithm by analyzing
performance across feature selections [25]. In this study, Decision Tree, KNN, and SVM were used for
prediction, with the help of the stacking ensemble learning approach and K-fold validation. They
finished data preparation and feature selection before they built the models. They have included metrics
like accuracy, recall, and precision into their model to measure its performance. The dataset was best
handled using Random Forest (RF) machine learning, which achieved an accuracy score of 99.02%.

In this study applying DL and ML Algorithms to a Kaggle Cardiovascular Disease Dataset[26].
Exercising lowers the risk of cardiovascular disease, however behaviors like smoking and drinking
alcohol increase the likelihood of coronary artery disease. Their approach incorporates four models for
CVD prediction: LR, NB, DL, and RF. The DL model outperformed the other 3 models with an
accuracy of 73.78%.

In this work used survey data from more than 400k US citizens in 2020 to suggest six machine
learning models [27]. A detailed comparison has been carried out between the 6 ML models-Adaboost,
Xgboost, RF, DT, LR, and NB. They were able to increase their performance with a 91.57% accuracy
rate in predicting heart illnesses using a LR model thanks to the heart disease forecasting model.

This study uses the K-Means clustering method to provide a prediction by classifying the UCI Heart
Failure Clinical Records data into six categories [28]. In addition, a 93.33% success rate was attained
while using SVM on this cluster data to predict HF in patients according to risk variables. The accuracy
of the model's forecasts was improved by adjusting its hyperparameters using grid search.

In proposed methods improve the model's performance in both training and testing scenarios, leading
to more precise diagnoses of heart failure [29]. The suggested method employs the gradient boosting
approach, a kind of supervised learning, to identify cases of heart failure. For both model training and
testing, the suggested diagnostic method employs the gradient boosting algorithm (GB). For the purpose
of cardiac diagnostics, a gradient boosting classifier is drawn upon. Using the Cleveland Dataset, this
study aimed to identify heart failure. The suggested approach outperforms competing techniques with
an accuracy of 97.10 percent.
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Table 1. Comparative analysis of related work for heart failure prediction analysis

Arya etal.

Reference Proposed work Dataset Key Research Gap/limitations
Findings/Results

Julian et al. [30] |algorithms for data UCI Cleveland dataset 90.16% Build a web app using the
mining, like RF, LR, RF algorithm to enhance a
DT, and NB. work in a future.

Qadri et al., [31] | machine learning-based | heart failure dataset performance | The medical community
algorithms for from the repository outcomes of 99% | stands to benefit much
comparison Kaggle utilizing a from their planned study's

CMSFL-Net | substantial scientific
contributions.

(Saboor et al., ML classifiers, like Cleveland heart disease 90.16% Detailed clinical data is

[32] XGB, CART, SVM, dataset, Z-Alizadeh Sani lacking in these datasets,
LDA, RF, MNB, LR, dataset, Stat Log Heart, which means they do not
ET, and AB. Hungarian, Long Beach include enough risk factors

VA, and Kaggle or features. Before this
Framingham dataset. study, these restrictions
were not well thought out.

(Kavitha et RF, DT, hybrid of RF UCI HD Cleveland 88.7% Lack of discussion on

al.,[33] and DT repository potential bias in the UCI

HD Cleveland repository.

Bharti et al.[34] | ML algorithms and DL | UCI Machine Learning 94.2% On rare occasions, the

are applied Heart Disease dataset training model becomes
overfit, leading to
insufficient accuracy when
tested on real-world data
issues.

Atallah and Al- | Majority voting Medical test data 90% Lack of discussion on

Mousa, [35] ensemble model potential sources of error

in the medical test data.

Research gap

Several important research gaps and limitations are highlighted by the comparative study of
comparable efforts for heart failure prediction. First, there is an immense demand for the creation of
intuitive online apps that utilize complex algorithms such as Random Forest. This will make it simpler
for healthcare providers and patients to access and utilize predictive models. Second, there is cause for
worry over the completeness and representativeness of the characteristics taken into account during
model training due to the lack of precise clinical data in several datasets utilized for research predicting
heart failure [Table 1]. Thirdly, there needs to be a greater effort to analyze and overcome biases in data
collecting and analysis because of the lack of focus on possible bias in datasets, particularly in
repositories like the UCI HD Cleveland dataset. For ensuring the accuracy and practicality of predictive
models in clinical practice, strong validation procedures and methods are crucial, especially in light of
worries about overfitting and the transfer of models to real-world data. Finally, to improve the accuracy
and credibility of clinical prediction models, it is crucial to identify and eliminate possible causes of
mistake in medical test results, which have so far received little attention. Clinical decision-making and
patient care may benefit greatly from more accurate, dependable, and broadly applicable prediction
models for heart failure if these gaps and constraints were to be filled.

CONCLUSION

Deaths caused by cardiovascular disease have recently emerged as a major public health concern.
Heart disease is caused by fatty plaques in the arteries. This review examines many recent research that
addressed the prediction of heart disease using ML and data mining methods. The prediction of cardiac
disease employs a variety of data mining and ML techniques. Experiments use varying datasets of
people with heart disease. Participants in this survey gained knowledge about several ML methods for
forecasting an occurrence of heart attacks.
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Looking forward, they will keep looking for new methods that might be the best for forecasting heart
failure. More ML classification algorithms and data pretreatment approaches may be used in subsequent
works to provide outcomes.
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