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Abstract
The field of data mining involves working on the huge data stored 
in databases to extract useful information from that data which is 
otherwise not evident. We perform a research here to use the data 
from Cleveland database which contains the health records of 300 
patients to create a methodology to predict the heart disease in a 
human being on base of his health statistics.The database contained 
73 attributes which were later reduced to 15. We use optimization 
techniques like simulated annealing and GA to reduce the number 
of attributes to 5. The effectiveness of decision tree method is 
further improved by employing local heuristic search algorithm 
like GA, Tabu Search or simulated annealing before that. This 
combined technique is bound to give better results than previous 
techniques. The technique was programmed using Java language 
and the results confirmed the better results of simulated annealing 
against Genetic algorithm to reduce the relevant parameters count. 
The accuracy of proposed technique was 97 .6% against 96.4% 
for GA. The MSE value was also 0.0152 against 0.024 for GA. So 
the proposed method resulted in better prediction of heart disease 
against traditional method.
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I. Introduction
Data Mining is the process of extracting hidden knowledge 
from large volumes of raw data. The knowledge must be new, 
not obvious, and one must be able to use it. Data mining has 
been defined as “the nontrivial extraction of previously unknown, 
implicit and potentially useful information from data.The two 
primary goals of data mining tend to be prediction and description. 
Prediction involves some variables or fields in the data set to 
predict unknown or future values of other variables of interest. On 
the other hand Description focuses on finding patterns describing 
the data that can be interpreted by humans.This paper identifies 
the risk factors for the different types of heart diseases. Most 
hospitals today employ some sort of hospital information systems 
to manage their healthcare or patient data [2].These systems 
typically generate huge amounts of data which take the form of 
numbers, text, charts and images. Unfortunately, these data are 
rarely used to support clinical decision making. There is a wealth 
of hidden information in these data that is largely untapped.For 
this research, we use the data from machine learning repository 
of UCI. There are 303 entities, out of which 164entities belong to 
healthy while the remaining 139 belong to the suffering people.
Heart disease directory
The contents of the heart-disease directory.This directory contains 
4 databases concerning heart disease diagnosis. All attributes are 
numeric-valued.  The data was collected from the four following 
locations:

Cleveland Clinic Foundation (cleveland.data)1. 
Hungarian Institute of Cardiology, Budapest (hungarian.2. 
data)
V.A. Medical Center, Long Beach, CA (long-beach-va.3. 

data)
University Hospital, Zurich, Switzerland (switzerland.data) 4. 
Each database has the same instance format. While the 
databases have 76raw attributes, only 14 of them are actually 
used.  Thus we have taken the liberty of making 2 copies of 
each database: one with all the attributesand 1 with the 14 
attributes actually used in past experiments.

II. Prediction of Heart Disease
Heart disease is a general name for a variety of diseases, conditions 
and disorders that affect the heart and the blood vessels. Symptoms 
of heart disease vary depending on the specific type of heart 
disease.

Congenital heart disease refers to a problem with the heart's • 
structure and function due to abnormal heart development 
before birth. 
Congestive heart failure is when the heart does not pump • 
adequate blood to the other organs in the body. 

Coronary heart disease or in its medical term Ischemic heart 
disease is the most frequent type of heart problem. Coronary heart 
disease is a term that refers to damage to the heart that happens 
because its blood supply is decreased, it leads to the fatty deposits 
build up on the linings of the blood vessels that provide the heart 
muscles with blood, resulting in them narrowing.

III. Classification Algorithms

A. Naïve bayes classifier
Naïve Bayes is a statistical classifier which assumes no dependency 
between attributes. It attempts to maximize the posterior probability 
in determining the class. By theory, this classifier has minimum 
error rate but it may not be case always. However, inaccuracies 
are caused by assumptions due to class conditional independence 
and the lack of available probability data. Observations show that 
Naïve Bayes performs consistently after reduction of number 
of attributes. According to Bayesian theorem P (A|B) =P (A)*P 
(B/A)/P(B),Where P (B|A)=P(A∩B)/P(A) Based on above 
formula, Bayesian classifier calculates conditional probability of 
an instance belonging to each class, and based on such conditional 
probability data, the instance is classified as the class with the 
highest conditional probability. In knowledge expression it has 
the excellent interpretability same as decision tree and is able to 
use previous data to build analysis model for future prediction 
or classification.

B. Decision Trees
Decision trees are powerful and popular tools for classification • 
and prediction. 
Decision trees represent rules, which can be understood by • 
humans and used in knowledge system such as database.
Decision Tree is a popular classifier which is simple and • 
easy to implement. 
It requires no domain knowledge or parameter setting and can • 
handle high dimensional data. Hence it is more appropriate 
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for exploratory knowledge discovery. 
It still suffers from repetition and replication. Therefore • 
necessary steps need to be taken to handle repetition and 
replication. 
The performance of decision trees can be enhanced with • 
suitable attribute selection. Correct selection of attributes 
partition the data set into distinct classes. 

Our work uses J48 decision tree for classification. Observations 
show that Decision trees outperform the other two classifiers but 
take more time to build the model.

C. Classification Via Clustering
Clustering is the process of grouping similar elements. This 
technique may be used as a pre-processing step before feeding 
the data to the classifying model. The attribute values need to 
be normalized before clustering to avoid high value attributes 
dominating the low value attributes. Further, classification 
is performed based on clustering. Observations show that 
Classification via clustering performs poor even after reduction of 
number of attributes when compared to the other two methods.

IV. Related Search
K.shrinivaset. al in [5]discussed that the healthcare environment 
was generally perceived as being ‘information rich’ yet ‘knowledge 
poor’. There was a wealth of data available within the healthcare 
systems. However, there was a lack of effective analysis tools 
to discover hidden relationships and trends in data. Knowledge 
discovery and data mining had found numerous applications 
in business and scientific domain. Valuable knowledge could 
be discovered from application of data mining techniques in 
healthcare system. In this paper the author had briefly examined 
the potential use of classification based data mining techniques 
such as Rule based, Decision tree, Naïve Bayes and Artificial 
Neural Network to massive volume of healthcare data. The 
healthcare industry collected huge amounts of healthcare data 
which, unfortunately, were not “mined” to discover hidden 
information. The author stated that for data preprocessing and 
effective decision making One Dependency Augmented Naïve 
Bayes classifier (ODANB) and naive credalclassifier 2 (NCC2) 
were used. This was an extension of naive Bayes to imprecise 
probabilities that aims at delivering robust classifications also 
when dealing with small or incomplete data  sets and discovery 
of hidden patterns and relationships often goes unexploited. The 
author discussed that by using medical profiles such as age, sex, 
blood pressure and blood sugar could predict the likelihood of 
patients getting a heart disease. It enabled significant knowledge, 
e.g. patterns, relationships between medical factors related to 
heart disease, to be established.Milan Kumariet. alin [7] used data 
mining classification techniques RIPPER classifier, Decision Tree, 
Artificial neural networks (ANNs), and Support Vector Machine 
(SVM) to analyze on cardiovascular disease dataset. Performance 
of these techniques was compared through sensitivity, specificity, 
accuracy, error rate, True Positive Rate and False Positive Rate. In 
this study, 10-fold cross validation method was used to measure 
the unbiased estimate of these prediction models. As per the 
results error rates for RIPPER, Decision Tree, ANN and SVM 
were 02.756, 0.2755, 0.2248 and 0.1588 respectively. Accuracy 
of RIPPER, Decision Tree, ANN and SVM were 81.08%, 79.05%, 
80.06% and 84.12% respectively. The analysis showed that out 
of these four classification models SVM predicted cardiovascular 
disease with least error rate and highest accuracy.Peter et. al in 
[11], proposed the use of pattern recognition and data mining 

techniques into risk prediction models in the clinical domain of 
cardiovascular medicine. The data was modeled and classified by 
using classification data mining technique. Some of the limitations 
of the conventional medical scoring systems were that there was 
a presence of intrinsic linear combinations of variables in the 
input set and hence they were not adapt at modeling nonlinear 
complex interactions in medical domains. This limitation was 
handled in this research by use of classification models which 
could implicitly detect complex nonlinear relationships between 
dependent and independent variables as well as the ability to 
detect all possible interactions between predictor variables. 
This paper proposed a method to investigate the performance 
of different classification algorithm such as DT, NB, K-NN and 
NN on heart disease dataset.Mai Shoumanet. al in [13],stated 
that the availability of huge amounts of medical data leads to the 
need for powerful data analysis tools to extract useful knowledge. 
The author stated that researchers have long been concerned with 
applying statistical and data mining tools that helped in improving 
data analysis on large data sets and also discussed that disease 
diagnosis is one of the applications where data mining tools 
proved successful results. Heart disease was the leading cause 
of death all over the world. The author discussed that several 
researchers were using statistical and data mining tools that helped 
health care professionals in the diagnosis of heart disease. Using 
single data mining technique in the diagnosis of heart disease 
had been comprehensively investigated showing acceptable 
levels of accuracy and researchers had investigated the effect of 
hybridizing more than one technique showing enhanced results 
in the diagnosis of heart disease. Therefore the author had used 
data mining techniques to identify a suitable treatment for heart 
disease patients and had received less attention. In this paper, 
the author had identified gaps in the research on heart disease 
diagnosis and treatment and proposed a model to systematically 
close those gaps to discover data mining techniques to heart 
disease treatment data and provided a reliable performance 
that achieved in diagnosing heart disease.Sivagowryet. al in 
[17], performed survey on different data mining techniques in 
the prediction of heart disease in humans. According to author, 
by applying the data mining techniques, valuable knowledge 
could be extracted from the health care system. Heart disease 
was a group of condition affecting the structure and functions of 
heart and had many root causes. Heart disease was the leading 
cause of death in the world over past ten years. Researches had 
been made with many hybrid techniques for diagnosing heart 
disease. Existing literature showed that Classification task in 
Data Mining played a vital role in heart disease prediction when 
compared with Clustering, Association Rule and Regression. In 
Classification Decision Tree outperformed in some cases, where 
as Neural Network and Naïve Bayes outperformed in some other 
cases.Tanejaet. alin [18], discussed that in today’s modern world 
cardiovascular disease is the most lethal one. This disease attacks a 
person so instantly that it hardly gets any time to get treated with. 
The author stated that diagnosing patients correctly on timely basis 
is the most challenging task for the medical fraternity, a wrong 
diagnosis by the hospital leads to earn a bad name and loosing 
reputation. At the same time treatment of the said disease is quite 
high and not affordable by most of the patients particularly in 
India. The author had proposed a cost effective treatment using 
data mining technologies for facilitating data base decision support 
system. The author discussed that almost all the hospitals use some 
hospital management system to manage healthcare in patients, 
but most of the systems rarely used the huge clinical data where 
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vital information was hidden. The author stated that these systems 
created huge amount of data in varied forms but these data is 
seldom visited and remain untapped. The diagnosis of this disease 
using different features or symptoms was a complex activity. The 
author had used a varied data mining technologies which helped 
in assisting the diagnosis of the diseases.

V. Problem Formulated
WHO in 2011 reported that 30.13% of deaths around the world 
are due to cardio vascular diseases. Heart disease prediction using 
data mining is one of the most interesting and challenging tasks. 
The shortage of specialists and high wrongly diagnosed cases 
has necessitated the need to develop a fast and efficient detection 
system. The main objective of this work is to identify the key 
patterns or features from the medical data using the classifier 
model. The attributes that are more relevant to heart disease 
diagnosis can be observed. This will help the medical practitioners 
to understand the root causes of disease in depth.

VI. Proposed Methodology
The study of results of different classification methods in the 
prediction of cardio vascular diseases finally bring us to conclude 
that the decision trees classification method is the best method 
in this aspect. We can further improve the effectiveness of this 
method by first employing the genetic algorithm to determine the 
attributes which contribute more towards the diagnosis of heart 
ailments which indirectly reduces the number of tests which are 
needed to be t6aken by a patient. Further it resolves the issue of 
missing values in the data also. So we propose, in this research I 
first use local search heuristic algorithm like GA and simulated 
annealing to reduce the number of attributes and then use decision 
tree classifier to finally get the binary result(whether or not the 
person is vulnerable to heart disease or not). The research confirms 
the effectiveness of simulated annealing for prediction when used 
with decision tree J48 algorithm.

Table 1: List of all Attributes to Consider for Mining

S.N. Clinical feature Description
01 Age Age in year

02 Sex Value 1:Male
value 0:Female

03 Chest Pain

Type
value 1: typical type 1 
angina
value 2: typical type angina
value 3:non-angina pain; 
value 4: asymptomatic

04 Fasting Blood Sugar value 1: >120 mg/dl; value 
0: <120 mg/dl

05 Resting resting 
electrographic results

(value 0:normal; value 
1: having ST-T  wave 
abnormality; value 2: 
showing probable or definite 
left ventricular hypertrophy

06 Exang exercise 
induced angina (value 1: yes; value 0: no

07 Slope 

the slope of the peak 
exercise ST segment (value 
1:unsloping; value 2: flat; 
value 3: down sloping)

08
CA number of major 
vessels colored by 
fluoroscopy

(value 0-3)

09 ThalThal
(value 3: normal; value 
6: fixed defect; value 7: 
reversible defect)

10 Trest Blood Pressure mm Hg on admission to the 
hospital

11 Serum Cholestrol mg/dl

12 Thalach maximum heart rate 
achieved

13 Oldpeak ST depression induced by 
exercise

14 Smoking value 1: past; value 2: 
current; value 3: never

15 Obesity value 1: yes; value 0: no

The table above displays the list of all the attributes from Cleveland 
database. The selected optimization algorithm  reduces the number 
of attributes to 5 and chooses the most optimum set of attributes 
which affect the decision making for predicting heart disease to 
maximum extent.

Fig. 1: Sequence of Steps in Reducing Attributes

VII. Results
Best individual by GA  is 10001001000110
Best individual by simulated annealing  is 10011001001000
Reduced attributes list by GA

Table 2: Attribute Selection by GA
S. NO. ATTRIBUTE DESCRIPTION
1 Age Age of patient
2 Cholestrol Cholestrol content in body
3 Thalach maximum heart rate achieved
4 Ca No. of coloured 

5 Thal Type of defect in heart (normal, 
reversible or non reversible)

Reduced attributes list by Simulated Annealing
10011001001000
Table 3: Attribute Selection in Simulated Annealing
S. NO. ATTRIBUTE DESCRIPTION
1 Age Age of patient
2 Trestbps Resting blood pressure
3 Cholestrol Amount of cholestrol in body
4 Thalach Maximum heart rate achieved
5 Slope Slope of ECG curve

Table 3: Accuracy tested by Decision Tree Clustering Algorithm 
J48

Data Mining 
Technique Accuracy

Model 
Construction 
time

Mean absolute 
error

Decision Tree with GA 96.4% 0.13s 0.0024
Decision tree with SA 97.6% 0.15s 0.00152
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VII. Conclusion
This research focuses on the application of a machine learning 
approach to risk prediction using EHD. The effectiveness of 
decision tree method is further improved by employing a local 
heuristic search algorithm like GA, Tabu Search or simulated 
annealing before that. This combined technique is bound to 
give better results than previous techniques. The technique was 
programmed using Java language and the results confirmed the 
better results of simulated annealing against Genetic algorithm to 
reduce the relevant parameters count. The accuracy of proposed 
technique was 97.6% against 96.4% for GA. The MSE value was 
also 0.0152 against 0.024 for GA. So the proposed method resulted 
in better prediction of heart disease against traditional method.
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