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Abstract

Heart disease is a general term used to describe
numerous medical conditions that directly affect
the heart and its various components. It is a
prevalent health concern in modern times. The
focus of this paper is to evaluate different data
mining techniques for the prediction of heart
disease, which have been introduced in recent
years. The findings indicate that neural networks
using 15 attributes demonstrate the best
performance among all other data mining
techniques. Additionally, the analysis concludes
that decision trees, with the assistance of genetic
algorithms and feature subset selection, also
exhibit high accuracy.The study concludes that
data mining techniques can effectively predict
heart disease and that the choice of technique
depends on the specific context of the analysis.
The study suggests that decision trees and
artificial neural network models are suitable for
heart disease prediction.The study also
recommends further research to explore the use
of other data mining techniques for heart disease
prediction.

Keywords: heart  disease,data  mining
techniques, neural networks, decision tree,
genetic algorithm, prediction.
1. Introduction

Data mining involves the identification of
previously unknown trends and patterns in
databases, which can be utilized to develop
predictive models. Within the healthcare
industry, data mining is becoming increasingly
indispensable as a means of handling vast
guantities of complex data, such as electronic
patient records, disease diagnoses, medical
equipment, and information on hospital
resources. The processing and analysis of this
data are essential to extract knowledge that can
support decision-making and cost savings. Data
mining provides a range of techniques and tools
that can be applied to this processed data,
allowing hidden patterns to be discovered. This,
in turn, provides healthcare professionals with
additional sources of knowledge to aid in
making informed decisions. The fundamental
model for the data mining process is illustrated
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Figure 1: Processing Model of data mining
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This diagram shows the different stages of the
data mining process. The first stage is to define
the business problem that needs to be solved.
The next stage is data understanding, where the
data that is available is explored and analyzed.
The third stage is data preparation, where the
data is cleaned, transformed, and formatted so
that it can be used for modeling. The fourth
stage is data modeling, where different models
and algorithms are used to analyze the data and
identify patterns. The fifth stage is model
evaluation and validation, where the accuracy
and effectiveness of the models are tested using
a separate testing dataset. The final stage is
deployment and maintenance, where the models
are put into practice and continuously monitored
and updated as needed.
According to the World Health Statistics 2019
report, one out of every three adults globally
suffers from high blood pressure - a condition
that contributes to approximately 50% of all
fatalities due to heart disease and stroke. Heart
disease, also known as cardiovascular disease
(CVD), encompasses a variety of conditions that
affect the heart, including irregular heart
rhythms and heart valve malfunctions, in
addition to heart attacks. These issues can cause
heart failure and a range of other complications.
The implementation of efficient and effective
automated heart disease prediction systems can
have significant benefits for the healthcare
sector. Our research aims to provide an in-depth
analysis of different data mining techniques that
can be utilized in such automated systems,
which, in turn, would reduce the number of tests
required for a patient.
Therefore, these systems will not only save costs
but also save time for both analysts and patients.
2. Methodology
This paper presents an analysis of different data
mining techniques that can aid medical analysts
or practitioners in accurately diagnosing heart
disease. To conduct this study, we examined
publications, journals, and reviews in the field of
computer science and engineering, data mining,
and cardiovascular disease that were published
in recent times. [5]
Issues and Challenges of Disease Prediction
Using Different Data Mining Techniques

There are several issues &challenges while
analyzing heart disease prediction using
different data mining techniques. Some of these
challenges are:

1. Data quality: The accuracy of the
prediction model depends heavily on the
quality of the data used to train and test
the model. Incomplete, inconsistent, or
noisy data can lead to inaccurate
predictions and affect the performance
of the model.

2. Imbalanced data: The distribution of
data in the training dataset may be
skewed, with one class having
significantly more instances than the
other. This can result in biased models
that perform well on the majority class
but poorly on the minority class.

3. Overfitting: Overfitting occurs when a
model is too complex and learns the
noise in the data instead of the
underlying patterns. This can lead to a
model that performs well on the training
data but poorly on new, unseen data.

4. Feature selection: The selection of
relevant features is crucial for the
accuracy of the prediction model.
However, selecting the most informative
features from a large dataset can be a
challenging task.

5. Interpreting results:
mining  techniques may produce
different results, and it can be
challenging to interpret and compare
these results. Additionally, some
techniques may not provide insight into
the underlying patterns in the data,
making it difficult to interpret the results
and make informed decisions.

6. Generalizability: The performance of a
model on a specific dataset may not
generalize well to other datasets or real-
world scenarios. It is important to
evaluate the performance of the model
on multiple datasets and in different
settings to ensure its generalizability.

Different data
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3. Experimental Analysis
3.1 Data Mining & Neural Networks

An artificial neural network (ANN), which is
sometimes referred to as a "neural network"
(NN), is a mathematical or computational model
that imitates biological neural networks. This
system is an emulation of the biological neural
system. In this study, a heart disease prediction
system was created utilizing 15 attributes [4]. In
previous work, only 13 attributes were used for
prediction, but this research incorporated two
additional attributes, namely obesity, and

smoking, to enable a more efficient diagnosis of
heart disease.

To conduct the experiment, the researchers
utilized the data mining tool Weka 3.6.6. Firstly,
missing values in the dataset were identified and
then replaced with appropriate values using the
Replace Missing Values filter from 3.6.6 [4].
After this, various data mining techniques were
applied and analyzed on the heart disease
database. A confusion matrix was generated for
each classifier. Table 1 displays the results of
this research work, demonstrating that neural
networks outperformed other data mining
techniques

Tablel: Comparison of Data mining techniques

Naive Bayes
Decision Tree

Neural Network

3.2 Fuzzy Logic& Genetic Algorithm
According to this research, the proposed method
is an enhanced version of the model that utilizes
genetic algorithms for feature selection and a
fuzzy expert system for accurate classification.
Fuzzy set theory and fuzzy logic are considered
appropriate for developing knowledge-based
systems in healthcare to diagnose diseases [2].
The experiments were carried out using Matlab
and its fuzzy tool. A Mamdani model of the
fuzzy system was employed, and the fuzzy rules
were generated based on the experts' knowledge
in the field. The researchers used a dataset from
the UCI machine learning repository and
identified that only 6 attributes were necessary
and effective for predicting heart disease. The
proposed system takes the selected features as
input and produces an output value of either O or
1, indicating the absence or presence of heart
disease in patients.

The fuzzy logic process involves several steps.
Firstly, the input data is collected as a crisp set
and is converted into a fuzzy set using fuzzy
linguistic variables, terms, and membership
functions through the fuzzification process.

91.89%
97.65%
99.75%

Then, an inference is made based on a set of
rules using the fuzzy rules generated by the
system. Finally, the defuzzification process is
performed to obtain a crisp output [2]. In this
system, the fuzzy rules are generated based on
the support sets obtained, and Table 2 shows the
support set.
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Table 2: Values of the support set

Sl Attributes Support set
No. Heart Patients | Non-heart Patients

1 Types of Chest pain 8 1,2,345,6,7

2 Exang Yes No

3 Rbps 138-159 146-160

4 Oldpeak 2.05-6.8 <2.05

5 Thalach 81-146 146-178

6 ca 1,2,3,4,5,6,7 0

3.3 Data Mining & Machine Learning
Algorithms

The research work presented in this paper
focuses on data classification using various
supervised machine learning algorithms, namely
Naive Bayes, Decision List, and KNN. The
TANAGRA tool is used for classification, and
the data is evaluated using 10-fold cross-
validation. TANAGRA is a data mining tool
designed for academic and research purposes. It
offers several data mining methods from
exploratory data analysis, statistical learning,
machine learning, and database areas. It
provides an easy-to-use interface, allowing users
to analyze real or synthetic data. Moreover, it
offers architecture for users to add their own
data mining methods and compare their
performances. Additionally, TANAGRA [20]
provides access to a wide range of data sources,
direct access to data warehouses and databases,
data cleansing, and interactive utilization.

The experiments conducted in this research used
a training dataset consisting of 3000 instances
with 14 different attributes. The dataset was split
into two parts, with 70% of the data used for
training and the remaining 30% used for testing.
The data was classified using three different
supervised machine learning algorithms: Naive
Bayes, Decision List, and KNN, with evaluation
performed using 10-fold cross-validation. The
TANAGRA tool was used for classification and
evaluation, providing an easy-to-use interface
for exploratory data analysis, statistical learning,
machine learning, and database tasks [12].
Results showed that Naive Bayes algorithm
outperformed the other two algorithms in terms
of accuracy and evaluation time. Figure 2
presents a performance study of the various
algorithms used.

Algorithm Accuracy

60 A

50 A

40

30 A

Accuracy (%)

204

10 4

KNN

Decision List

54

58.22

Naive Bayes

Algerithm Used

Figure 2: Performance analysis of various Algorithms
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3.4 Data Mining & Genetic Algorithm

The use of a Genetic Algorithm and Feature
Subset Selection in this research work aimed to
reduce the number of attributes required for
heart disease diagnosis. The process involved
starting with zero attributes and generating an
initial population with randomly generated rules.
New populations were constructed based on the
idea of survival of the fittest, where new rules
were generated by applying genetic operators
such as cross-over and mutation. The process
continued until a population was obtained where
every rule satisfied the fitness threshold. The

DM Techniques - Accuracy

100 ~

80

60

40 4

Accuracy (%)

204

Decision Tree

Classification

Naive Bayes

DM Techniques - Mean Absolute Error

Time (s)

0.12 +

0.10 4

0.08 4

0.06

0.04 4

Mean Absolute Error

0.02 4

0.00

T T
Classification Decision Tree

DM Techniques

T
Naive Bayes

genetic search resulted in reducing the number
of attributes from 13 to 6.

In addition to the genetic algorithm, CFS
Evaluator was also used. The observations were
conducted using Weka 3.6.0 tool on a dataset of
907 records with 13 attributes. All attributes
were made categorical, and inconsistencies were
resolved for simplicity. After reducing the
number of attributes to 6, various classifiers
were used on the dataset for heart disease
prediction. The performance analysis of these
classifiers is shown in Figure 3, where it can be
seen that the Decision Tree classifier had the
highest accuracy and least mean absolute error.

DM Techniques - Model Construction Time

0.08

0.06

0.04 1

0.02 4

Decision Tree

Classification

Naive Bayes

Figure 3: Comparison figure for 3 classifiers

3.5 IHDPS

The Intelligent Heart Disease Prediction System
(IHDPS) is a web-based, user-friendly, and
expandable system developed using data mining
techniques such as Decision Trees, Naive Bayes,
and Neural Networks. The system is built on the
.NET platform and is capable of discovering and
extracting hidden knowledge associated with
heart disease from a historical heart disease
database. The system can answer complex
queries related to heart disease diagnosis,

enabling healthcare analysts and practitioners to
make intelligent clinical decisions that
traditional decision support systems cannot. The
IHDPS is based on 17 attributes and was
developed using a dataset of 1010 records from
the Cleveland Heart Disease database, which
was equally divided into training and testing
datasets. The system was found to be most
effective in predicting heart disease in patients
using Naive Bayes, which had the highest
percentage of correct predictions (89.23%),
followed by Neural Networks (87.83%) and
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Decision Trees in Figure 4.
Trees were found to be
predicting patients with
(94.45%) compared to the

However, Decision
most effective in
no heart disease
other two models.

The IHDPS can display the results both in
tabular and graphical forms, providing effective
treatments and reducing treatment costs.

Accuracy of DM Techniques

80

60

Accuracy

40 -

20 A

Naive Bayes

4. Results
The accuracy of a classifier can be influenced by
various factors such as the size and quality of the
dataset, the pre-processing techniques used the
choice of parameters for the classifier, and the
specific characteristics of the data mining
technique. Therefore, it is important to carefully
select and evaluate different combinations of
data mining techniques and classifiers to identify
the most effective approach for a given problem.

5. Recommendation
Based on the challenges and issues discussed
above, here are some recommendations for
future studies on heart disease prediction using
data mining techniques:

1. Use larger datasets: In order to improve
the accuracy and generalizability of
heart disease prediction models, it is
recommended to use larger datasets that

include more diverse patient
populations.
2. Address class imbalance:  Class

imbalance is a common issue in heart
disease prediction datasets, where the
number of positive (with heart disease)

94.45%

Decision Trees

ANN

DM Techniques

Figure 4: Performance analysis of IHDPS

cases is much lower than negative
(without ~ heart  disease) cases.
Researchers can employ techniques such
as oversampling, undersampling, or
SMOTE to address this issue.

3. Comparison of multiple classifiers:
While many studies have compared
different data mining techniques, it is
recommended to compare multiple
classifiers within each technique to
identify the most accurate and efficient
model for heart disease prediction.

4. Incorporate domain knowledge:
Incorporating domain knowledge can
help improve the accuracy and
interpretability = of  heart  disease
prediction models. For example,
incorporating medical knowledge about
risk factors and symptoms of heart
disease can improve the selection of
relevant attributes and improve the
performance of the models.

5. Use multiple evaluation metrics: Using
multiple evaluation metrics such as
accuracy, sensitivity, specificity, and
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AUC can provide a more comprehensive
understanding of the performance of
heart disease prediction models.

6. Replication of studies: Replication of
studies on heart disease prediction using
different datasets and data mining
techniques can help confirm the validity
and generalizability of the results.

Overall, conducting rigorous and comprehensive
studies on heart disease prediction using data
mining techniques can lead to more accurate and
efficient diagnosis and treatment of heart
disease, ultimately improving patient outcomes
and reducing healthcare costs.

6. Discussion

The analysis of heart disease prediction using
different data mining techniques is a rapidly
growing field of research, as it has the potential
to improve the accuracy and efficiency of
diagnosis and treatment. The studies reviewed in
this discussion have shown that various data
mining techniques, such as decision trees, naive
Bayes, and neural networks, have been used to
predict heart disease with high accuracy.One of
the challenges identified in these studies is the
lack of standardization in the selection of
attributes and classifiers. This makes it difficult
to compare the results of different studies and
generalize the findings. Additionally, the small
sample sizes used in some studies may limit the
generalizability of their findings to other
populations.Another challenge is the imbalance
in the dataset, which is often skewed toward
healthy individuals, leading to a bias toward
negative predictions. The use of oversampling
and undersampling techniques can help mitigate
this issue, but care must be taken to ensure that
the resulting dataset is representative of the
population  being  studied.Despite  these
challenges, the studies reviewed have
demonstrated that data mining techniques can
improve the accuracy of heart disease prediction.
Furthermore, the use of intelligent heart disease
prediction systems, such as the Intelligent Heart
Disease Prediction System (IHDPS), can
provide valuable decision support to healthcare
practitioners and help reduce treatment
costs.However, the analysis of heart disease
prediction using different data mining
techniques is a promising field of research that
can contribute to improved diagnosis and

treatment of heart disease. However, further
research is needed to standardize the selection of
attributes and classifiers, address issues of
dataset imbalance, and evaluate the effectiveness
of these techniques in diverse populations.

7. Conclusion
This Paper shows different data mining
techniques and classifiers have shown varying
levels of accuracy in predicting heart disease.
The use of Neural Networks and Decision Trees
with a larger number of attributes has shown
higher accuracy, while the use of Genetic
Algorithms and feature subset selection has
reduced the number of attributes needed while
still maintaining high accuracy. These findings
suggest that the choice of data mining technique
and classifier should be carefully considered
based on the specific needs and characteristics of
the heart disease prediction system being

developed.
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