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Introduction: Heart disease is a major public health concern with millions
of reported deaths annually. Data mining techniques have received attention
in recent years as a tool aiding diagnosis and prediction of heart disease
cases. This systematic review examines the application of data mining
methods to cardiac disease diagnosis in order to identify specific types of
heart-related disease that are diagnosed using data mining techniques as
well as the most successful data mining methods.

Material and Methods: This study involved a systematic review of IEEE,
Science Direct, Google Scholar, Web of Science, Scopus and MEDLINE
databases from 2008 until April 2023. Inclusion criteria were original
papers that used data mining methods for heart disease diagnosis. Non-
English papers, those without full text, studies conducted on animals, and
other types of papers (conference abstracts and letters) were excluded from
the study. All the retrieved references were then assessed by title and
abstract according to PRISMA, after which full texts of relevant articles were
analyzed. The final sample comprised of 47 articles.

Keywords: Results: Various classification methods have been utilized to diagnose
Data Mining heart-related disease using different mining tools, with genetic neural
Heart Disease network data mining method having the highest accuracy among the studied
Features techniques. Results show that predicting cardiac disease is the most
g’aij"ﬁc_aﬁo" commonly performed task. The demographic, bio-clinical, personal and
rediction

exercise-related attributes, as well as other features used for classification
were identified. The findings suggest that data mining methods hold great
potential for detecting and preventing heart disease on both individual and
population scales.

Conclusion: The study findings have implications for the prevention and
treatment of cardiac disease, especially in high-risk individuals. Data mining
methods can be widely applied to detect and prevent heart disease on a
population scale, as well as supporting decisions for the most suitable
treatment for individual patients to prevent death and reduce treatment
costs.
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INTRODUCTION

According to World Health Organization (WHO),
studies related to cardiac disease were at the
forefront of scholarly attention in 2017 owing to the

detrimental ramifications it poses on the health of
populations [1]. Each year, 17.9 million deaths occur
due to cardiovascular diseases (CVDs). CVDs are a
group of disorders of the heart and blood vessels and
include coronary heart disease, cerebrovascular
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disease, rheumatic heart disease and other
conditions [2]. Whereas the mortality rate of
cardiovascular diseases is high, the chance of survival
is higher if the diagnosis is made early. Therefore,
scientists have developed predictive models to
identify high-risk patients. Recently, machine
learning (ML) and data mining (DM) approaches have
become popular to develop models for early
detection. The reason for high mortality rates is the
complexity of these diseases as well as false
diagnoses. If diagnosed in early stages, the possibility
of avoiding cardiac disease is high for both patients
and specialists. Medicine provides information about
early risk factors for heart attacks and taking
precautions against them before a heartattack occurs
[3, 4].

Australian Cancer Biology Statistics has considered
heart disease as one of the two critical mortality
factors all around the world [5], mainly leading to
adult death until 2030 [6]. Statistics indicate that
cardiac disease is the primary cause of mortality in
individuals aged 35 and older in Iran [Z].
Cardiovascular disease is an wumbrella term
encompassing various conditions, including coronary
disease, congenital heart defects, stroke, angina, and
heart attack [5]. Dyspnea and angina are the main
symptoms of coronary heart defects due to blocked
blood vessels [8].

Although the majority of cardiovascular diseases are
preventable, they are increasing mainly due to
inadequate preventive measures [9]. A large amount
of data is continuously generated by medical
practitioners, which can be used for early detection of
cardiac diseases and effectively reduce the
occurrence of various heart related diseases. Data
mining methods by discovering patterns that were
not known before effectively lead to improved
decision-making and prevention of complications by
increasing knowledge [10].

Artificial intelligence has entered health care field in
recent years, and its application in health has
attracted much more attention than any other
industry [11]. A subset of the artificial intelligence
model is this approach to machine learning [12]. In
cardiovascular medicine today ML/AI has found wide
range of applications in cardiovascular drug therapy,
pharmacogenomics, heart failure management,
cardiovascular imaging, and diagnostics. Al can
provide tools to apply precision medicine and big
data in cardiovascular medicine therefore,
augmenting the effectiveness of the cardiologist [13].
Data mining methods have recently received
particular attention in clinical medicine. In data
mining, computer algorithms are employed to extract
patterns from large datasets to improve the accuracy
and precision of prediction models [14, 15].

Recent reviews have indicated that data mining
techniques can be utilized as a tool contributing to the

detection of various illnesses [16-21]. A systematic
review entitled "an overview of heart disease
prediction” examined predictive data mining for
medical diagnosis in 2011 [7]. Data mining has
emerged as one of the most crucial techniques for
analyzing consolidated information owing to the
substantial and ever-increasing quantity of medical
records and data that is generated on a daily basis.
This is particularly relevant in the domains of
diagnosis and prediction of heart disease cases, as
well as developing intelligent medical systems. All
data, including symptoms and disorders displayed in
such systems, can be easily analyzed by users through
specifically designed software or apps. Accordingly,
the present article includes heart disease studies [22]
applying the data mining process to the practice of
examining databases in order to create new
information [23] from large preexisting databanks,
specifically extracting useful unknown ones [24].

In this paper, when the word diagnosis is used, all
diagnosis modes (prediction, diagnosis, classification,
analysis, primary estimation of heart disease) using
mining techniques are included. The term diagnosis
is meant to find signs of disease or analyze patients to
determine their health status [25].

Prediction means forecasting an action that may
happen or will happen in the future [26]. Various
studies have presented an automatic diagnosis for
heart disease severity using different machine
learning techniques such as integration of multiple
classification  algorithms and  augmentation
algorithms to construct robust automatic prediction
systems [27].

Analytical modeling techniques require no or
minimal training, exhibiting the potential for
supporting prompt instantiation of the performance
model of the target system. They typically rely on a
set of simplifying assumptions. Thus, practical
approaches for timely diagnosis of cardiovascular
disease are meant to achieve prompt management of
the disease. Examining data mining models is
necessary to evaluate the effectiveness of models in
the field of diagnosis, prediction, classification,
analysis and primary estimation [28].

Considering the heterogeneous nature of the existing
literature, further investigation of the effect of data
mining in the diagnosis of heart diseases is
warranted. Thus, the main objective of this study is to
study cardiac disease diagnosis using different data
mining methods with various levels of accuracy.
Moreover, in this study, the impact of data mining
methods in identifying heart diseases was
investigated before they develop more serious
problems.

MATERIAL AND METHODS
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Search strategy

A systematic review was done by searching IEEE,
Science Direct, Google Scholar, Web of Science,
Scopus and MEDLINE databases from 2008 until
April 2023. We used three concepts for searching,
including “heart disease”, “Diagnosis” and “Artificial
Intelligence”. Related keywords to these concepts
were selected from MeSH terms, which are shown in
Fig 1.

Heart Diseases

Diagnosis

Artificial Intelligence Machine

Artificial Neural Networks

Fuzzy Logic

Fig 1: The search strategy extracted from MeSH database to
be used in the search strategy

Inclusion and exclusion criteria

The inclusion criteria comprised original papers that
utilized data mining methods for diagnosing heart
disease. Non-English papers, studies conducted on
animals, as well as other types of papers such as
conference abstracts and letters that were not
available in full text were excluded. A total of 19,008
articles were retrieved and imported into Endnote.
After removing duplicated research (n=662), the
remaining articles were assessed based on titles and
abstracts according to PRISMA. Nine papers were
excluded because they did not relate to heart diseases
or were not research articles. To confirm the final set
of studies, we required access to the full text of all
articles; however, we could not obtain four full texts.
Consequently, our study was conducted using 47
articles. Two independent reviewers checked all
published papers from 2008 to 2023. The PRISMA
process for research and analysis is presented in Fig
2, which details the results of data collection process
analysis.

RESULTS

The final articles were assessed according to three
tables. The first table (Table 1) comprises the paper
title, authors, year of study, seven heart
complications, and five tasks, including prediction,
diagnosis and prediction, classification, primary
estimation, and analysis. Distinct tasks are associated

each disease. The second table is an analysis of 47
articles, showing the best algorithm based on output
accuracy. The third table includes features that were
used for classification.

Records removed before screening:
5 Duplicate records {n = 662)
'5 ’ Records identified from: Conference abstracts, and letiers (n =
£ Databases (n = 19,008) > 254)
5 Records removed for irrelevanttites (n =
Records screened by abstract Records excluded
(n=101) (n=41)
? ’ Records screened by fulltext Reports not refrieved |
5 (n=60) (n=4)
o
@
Reports excluded
Reports assessed for eligibility not done in relation to heart
(n="586) diseases (n =6)
nota research article (n = 3)

Final reports included in study
(n-47)

Included

Fig 2: PRISMA flow chart for the data selection process

This paper divides features into five groups:
demographical, bio-clinical, personal attribute,
exercise-related attributes, and other features. Data
related to these features are available and have been
analyzed in the process modeling. The following
items provide details for each group. We selected 47
articles that included five tasks related to heart-
related diseases, including Prediction, Prediction and
Diagnosis, Classification, Analysis, Primary
Estimation. As features play an important role in
constructing predictive models for heart disease,
different studies have considered different features,
and the feature selection criteria vary based on the
type of cardiac disease and associated tasks. Choosing
the best features may result in the identification of
most accurate predictive models.

Results of Table 1 show that various classification
methods have been applied to diagnose heart-related
diseases using different mining tools. From our 47
reviewed articles, 36 studies have been done on heart
disease, 4 studies on coronary heart disease, 3 studies
on cardiovascular disease, 1 study on heart attack, 2
studies on coronary artery disease, 2 studies on
cardio metabolic risk, and 2 studies on cardio
metabolic risk. It is noteworthy that certain articles
have addressed more than one type of cardiac
disease.
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Table 1: Characteristics of studied papers based on study title, authors, year of publication, heart complications and corresponding

tasks
Ref.No | Year Heart Complication Tasks Type
[29] 2022 | Heart Disease Prediction
[30] 2022 | Heart Disease Prediction
[31] 2022 | Heart Disease Prediction
[32] 2021 | Heart Disease Classification
[33] 2021 | Heart Disease Prediction
[34] 2021 | Heart Disease Prediction
[35] 2020 | Heart Disease Classification
[36] 2020 | Heart Disease Classification
[37] 2020 | Heart Disease Prediction
[38] 2020 | Heart Disease Prediction
[39] 2020 | Heart Disease Classification and Diagnosis
[40] 2019 | Heart Disease Prediction
[41] 2019 | Heart Disease Prediction
[42] 2018 | Heart Disease Classification
[43] 2016 | Heart Disease Prediction
[22] 2016 | Cardio Metabolic Risk Primary Estimation
[44] 2016 | Coronary Artery Disease Prediction
[45] 2015 | Heart Disease Prediction
[46] 2015 | Heart Disease Prediction and Classification
[47] 2015 | Cardiovascular Disease Classification
[48] 2015 | Cardiovascular Disease Prediction
[1] 2015 | Heart diseases Prediction
[49] 2014 | Cardiovascular Disease Classification
[50] 2014 | Heart Disease Classification
[51] 2014 | Diabetes and Heart Disease Clustering
[52] 2013 | Heart Disease prediction
[53] 2013 | Heart Disease Analysis and Prediction
[23] 2013 | Cardio Metabolic Risk Primary Estimation
[54] 2013 | Heart Disease Classification
[55] 2013 | Coronary Heart Disease Classification
[56] 2012 | Heart Disease Prediction and Classification
[57] 2012 | Heart Disease prediction
[58] 2012 | Coronary Heart Disease Classification
[59] 2012 | Heart Disease Prediction
[60] 2012 | Heart Disease Prediction
[61] 2012 | Heart Disease Prediction
[62] 2012 | Coronary Artery Disease Prediction
[63] 2012 | Heart Disease Prediction
[7] 2011 | Heart Disease Diagnosis and Prediction
[64] 2011 | Heart Disease Prediction
[65] 2010 Eig??igailﬁart Disease and Analysis and Prediction
[66] 2010 | Heart Disease Classification
[67] 2010 Heart Disela.se, Thyroid, Diabetes, Prediction
and Hepatitis
[68] 2010 | Heart Disease Prediction
[69] 2008 H'eart Disease (coronary artery Classification
disease)
[70] 2008 | Coronary Heart Disease Prediction
[71] 2008 | Heart Disease Prediction
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Table 2: Results of classification methods used for various types of heart disease (the best algorithm based on output accuracy in

studied articles)

Type of Disease Type of task The data mining method Average accuracy
Genetic Neural Network 96.2%
Naive Baves Better than other
4 methods
Risk Level Better than other
methods
Neural network Better than other
methods
Decision Trees 99.2 - 100%
C5.0 93.02%,
Better than other
GBDT methods
Prediction Better than other
Random forest
methods
ET 94.14%
KNN-Decision Trees-RF Ezister diem @ 1
methods
. Better than other
Naive Bayes-SVM methods
. XGBoost Better than other
Heart Disease methods
DL Better than other
methods
SVM-LDA 90.00%

Prediction and

Stream Associative Classification

Better than other

diagnosis methods
Cllassific.ation and SVM Radia Better than other
Diagnosis methods
ABC-SVM 86.76 %
Better than other
SVM methods
Artificial neural networks 92.44%
Classification Modified k-means algorithm 96.71%
Combined linear discriminant 94%
analysis and naive Bayes
- Hybrid DSS 98.3%
- Machine learning framework 82%
Naive Bayes tress Better than other
Analysis methods
Neural Network 100%
Prediction and CPAR and SVM 85 - 90%
Coronary Heart Diagnosis
disease Analysis Decision Trees 89%
Classification Neural networks 94%
C:«:lrdiovascular Prediction Expecta}tion Maximization 95.62%
Disease Clustering
HeartAttack Prediction Weighted Associative Classifier 81.51%
(WAQ)
Classification Neural networks ensembles 89.01%
Coronary Artery SMO 94.08%
Disease Adapt Boost Algorithm 97.62%
Prediction Multinomial logistic regression 88.4 %
(MLR) o
Cardio Metabolic Primary Estimation Artificial neural networks 82.76%
Risk Hybrid EANN-EA System above 90 %
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Table 3: Features and variables used for heart related disease classification

Features used for
Classification

Variables

Personal Features | (WHtR)

Demographicand | Age, sex, obesity and smoking, body mass index (BMI), waist to height ratio

Bio Clinical

HRV Features, chest pain (CP), resting blood pressure, blood pressure,
serum cholestero], fasting blood sugar (FBS), resting electro cardiography
results (RestECG), maximum heart rate achieved (Thalach), number of
major vessels (CA), the heart status, pulse rate, systolic blood pressure
(SBP), diastolic blood pressure (DBP), total cholesterol (TCH), HDL
cholesterol (HDL), LDL cholesterol (LDL), Triglycerides (TG), glycemia
Feature (GLY), fibrinogen (FIBR), uric acid (UAC), troponin-T (TNT), urodilatin
(UD), myoglobin (MB), albumin (ALB), plasma glucose concentration,
plasma chlorine (Cl), creatine kinase isoenzymes-MB (CK-MB), serum
creatinine (Cr), monocyte percent (MONO%), direct bilirubin (DBil), anion
gap (AG), indirect bilirubin (IBil), diastolic blood pressure, 2-hour serum
insulin, chest X-ray, body temperature, weight

Exercise-related
attribute peak exercise

Exang (exercise-induced angina), old peak (ST depression), the slope of the

Other feathers

function

Number of pregnancies, triceps skin fold thickness, diabetes pedigree

DISCUSSION

Coronary heart disease, coronary artery disease,
heart attack, and cardiovascular disease are different
types of heart diseases that can be diagnosed using
data mining techniques. In addition to these
categories, other types of heart diseases can also be
identified through the use of advanced data mining
algorithms. When it comes to identifying cardiac
diseases using data mining techniques, a number of
complex tools are available to researchers and
medical professionals. These tools often make use of
existing software and packages such as machine
learning algorithms and statistical analysis tools to
identify patterns and trends within large, complex
datasets [72]. However, not all data mining tools are
equal, and some may be better suited to certain types
of heart diseases than others. For example, some
tools may be particularly effective at identifying
cardio metabolic risk factors, while others could be
able to detect early warning signs of a heart attack or
cardiac arrest. Overall, the fields of data mining and
heart disease research are constantly evolving, with
new tools and techniques being developed all the
time. By staying up-to-date on the latest advances in
this field, medical professionals and researchers can
make significant strides in the prevention, diagnosis,
and treatment of heart diseases [73].

The results of our study indicate that several papers
have reported six distinct types of heart-related
complications, including heart disease, coronary
heart disease, cardiovascular disease, heart attack,
coronary artery disease, and cardio metabolic risk.
These specific types of heart disease have been
diagnosed by utilizing data mining methods.
However, it was found that predicting heart disease
is the most commonly performed task, as evidenced

in Table 1. The data mining approach employs a
variety of techniques to extract useful insights from
past data. Therefore, its application is useful in
various cases, including the diagnosis of heart disease
patterns and their corresponding treatments [74].
Regarding its usage, data mining is also practical in
intelligent medical systems [75]. The purpose of this
paper was to analyze the relationship between
various disorders and their symptoms using specially
designed software. Specifically, we intended to study
the relationship between large, unknown databases
and those that have not been adequately evaluated
using a candidate generation algorithm. Through a
non-candidate approach, we found that the set of
diseases in medical databases can be reduced. Several
studies have examined the accuracy of different
methods for predicting and diagnosing heart disease.
The genetic neural network data mining method had
an average accuracy of 96.2% in these studies. The
stream associative classification method had an
average accuracy of 96.71% in predicting and
diagnosing heart disease, while the modified k-means
algorithm data mining approach had an average
accuracy of 96.71% in classifying heart disease. In the
analysis of cardiac disease data, the neural network
data mining method had a perfect average accuracy
of 100%. Overall, the decision trees method had the
highest accuracy among the methods under study,
with an average accuracy of 99.6% in predicting heart
disease.

In the studies examining prediction, diagnosis,
analysis and classification of coronary heart disease
(CHD), the CPAR and SVM data mining methods, as
well as decision trees and neural networks, had
average accuracies of 90%, 89%, and 94%,
respectively. Regarding cardiovascular disease
prediction, expectation maximization and clustering
methods had the highest accuracy, averaging at
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95.62%. In the heart attack prediction task, the
approach having the highest accuracy was the
weighted associative classifier, with an average
accuracy of 81.51%. For the coronary artery disease
classification task, the SMO method showed the
highest accuracy, averaging at 94.08%. In predicting
coronary artery disease, the AdaBoost algorithm had
the highest accuracy with an average of 97.62%. For
cardio metabolic risk primary estimation task, the
Hybrid EANN-EA system had the highest accuracy
among data mining methods, which had an average
accuracy above 90% (Table 2). Ram Bilas Pachori et
al. conducted a study in the field of heart disease that
involved obtaining Tunable-Q Wavelet
transformation from heart rate signals. In this
current study, Tunable-Q Wavelet Transform
(TQWT) method was similarly employed due to its
precision. The results showed that using the least
squares support vector machine (LS-SVM) method
for analyzing the signals yielded an accuracy of 96.8%
with a sensitivity and specificity of 93.7% [Z6].

WHO has reported an increase in the prevalence of
risk factors for heart disease [77]. Such factors
include hyperlipidemia/ hypercholesterolemia,
hypertension, obesity, smoking, and a family history
of CAD [78-80]. While the most apparent method of
detecting these risk factors in a patient's medical
record is to look for diagnoses of the aforementioned
diseases, consultations with our medical advisors
revealed that a more thorough analysis would
involve going beyond diagnoses. This approach
would consider indicators of risk factors that provide
medical information suggesting the presence of such
factors [81]. Most significant clinical features and
symptoms associated with cardiovascular disease,
which are presented in Table 3. These factors and
criteria represent the most prevalent cases of
cardiovascular disease, some of which can be
predicted using data mining and information such as
a previous history of heart disease. The data from
Table 3 demonstrate that HRV Features, CP, resting
blood pressure, FBS, Restecg, Thalach, CA, Thal, pulse
rate, DBP, TCH, HDL, LDL, TG, GLY, fibrinogen, uric
acid, plasma glucose concentration, diastolic blood
pressure, and 2-hour serum insulin are the most
important features emphasized in the examined
articles. Bio-clinical features listed in Table 3 are the
most important features used in the prediction task,
followed by bio-clinical features in the classification
task. These categories predict various types of heart
disease and suggest that risk factor prevention and

intervention programs should be integrated. This
study focused on the application of data mining
techniques in heart disease, which is a fatal and life-
threatening condition. In summary, data mining is the
non-trivial extraction of implicit, previously
unknown, and potentially useful information about
data. It represents an essential step in knowledge
discovery, which can be applied practically in the
healthcare process.

CONCLUSION

The application of data mining algorithms for the
diagnosis of heart disease has yielded satisfactory
results in various experiments and studies. Focusing
on interventions in high-risk people with heart
disease can help solve the problem of the high
incidence of heart disease as a public health concern
worldwide. Data mining methods can be widely
applied to detect and prevent heart disease on a
population scale, as well as supporting decisions for
the most suitable treatment for individual patients in
order to prevent death and reduce treatment costs.

We presented the benefits, limitations, and future
directions of various datasets employed, as well as
data-driven methods and focused disease.
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