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Abstract— Cardiovascular diseases is one of the reasons 

behind death of people universally, more people pass away from 

cardiovascular diseases than from any other cause annually. To 

stay away from heart disease or find symptoms early, adults over 

54 must have a complete cardiovascular checkup. Many experts 

will be developing intelligent decision support systems related to 

medical to get better ability of the doctors in detection of heart 

disease. In heart disease diagnosis and treatment, single data 

mining techniques are providing the reasonable accuracy. But to 

boost the accuracy level we can use hybrid data mining 

techniques. The Heart Disease Prediction proposed system guides 

through an intelligent decision support system. In our proposed 

model a predictive analysis is carried out on UCI Heart Disease 

Data Set using K-means and ANN data mining techniques. 

Medical data is combination of fuzzy and crisp values. This 

data is classified according to their properties. This classification 

is implemented by developing a model using Artificial Neural 

Network and K-means algorithm. The focus of our model is to 

classify the data according to cardiovascular diseases better so as 

to have more reliable diagnosis.  

Keywords— Heart Disease, K-means, Artificial Neural Network 

(ANN), Cardiovascular Diseases (CVD. 

I. INTRODUCTION 

In 2015, an expected 17.7 million humans died from Cardio 

vascular disease which is 31% of total worldwide deaths. An 

estimated 7.4 million people‟s deaths out of total deaths were 

due to coronary heart sickness and estimated 6.9 million 

deaths have been due to heart stroke.[ http://www.who.int] We 

know that heart disease is topmost reason for deaths of 

humans all across the globe. Every one of the five deaths is 

due to heart disease. Almost 1/2 folks residents of United 

States have minimum one risk component for heart sickness 

along with high blood strain, obesity,  sedentary lifestyle, high 

blood sugar etc.[www.millionhearts.hhs.gov/news-media]. 

Coronary illness is a common sickness these days. Presently 

due to expanding costs of coronary illness, there was a need to 

build up another framework which can foresee heart 

sicknesses in a simple and less expensive way. Information 

mining systems and learning disclosure assumes a significant 

part in such discoveries. We know that experts who treat heart 

disease keep data records of patient. To extract the useful 

information these datasets are analyzed. Therefore data mining 

turns out to be a productive and fruitful tool. Data mining is 

clearly defined as “The repetitive and interactive manner of 

coming across logical, novel, beneficial, and understandable 

knowledge (patterns, models, guidelines etc.) in huge 

databases” [1][2][3].The discovery of knowledge in databases 

is simply well-described step comprising numerous distinct 

movements. Data mining is the crucial step that comes within 

the uncovering of unrevealed data however beneficial details 

from significant databases. Researchers have suggested that 

the use of statistical mining in figuring out powerful remedies 

for patients can enhance practitioner overall performance. 

Researchers investigated and came to result that by applying 

specific data mining strategies in the analysis of coronary 

heart disease to identify which data mining technique can offer 

greater reliable accuracy. Many distinct data mining strategies 

were already used to help medical care departments to detect 

coronary heart ailment [13] [14]. 

Data mining does the survey of vast datasets to find out 

unrevealed and unknown patterns, connection between them 

and that are not easy to detect with statistical methods. Also 

statistical mining is increasing speedily and getting successful 

in various applications like organic compounds analysis, 

business forecasting, medical care and meteorology 

forecasting [6].  Data mining in medical care is a rising field 

International Journal of Pure and Applied Mathematics
Volume 118 No. 8 2018, 103-110
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

103



of high importance for offering analysis and a deeper expertise 

of clinical statistics. Various applications of data mining in 

medical care include health care centers analysis for finer 

medical policy-making and avoidance of health facility 

mistakes, early detection, prevention of sicknesses and 

preventable patient‟s deaths and financial savings.  

Data mining KDD process is given in figure 1. 

 
 

        Fig 1. Data Mining KDD process. 

The whole procedure is extraction of probably useful 

information from huge databases. It gives the choice for 

selection, cleansing and enhancing the data. Also data mining 

is the main step for understanding the procedure of knowledge 

[4] where we are keen to discover desired information from 

relevant databases [5]. 

A number of different symptoms are connected with heart 

disease that makes it hard to diagnose it quicker and better. 

Focusing on cardiovascular disease patients databases could 

be compared to real-life program. Doctor understands to 

assign the excess weight to each attribute. More excess weight 

is designated to the attribute having high effect on disease 

prediction. So that it become acceptable to make use of 

knowledge in order to have connection with various experts 

which are gathered to assist the process of medical detection. 

When single and hybrid data mining techniques were 

compared to diagnose the heart disease they showed 

accuracies, where the hybrid one proved that it provides better 

accuracy as compared to single techniques [6]. 
In our proposed system we proposed a hybrid approach 

for heart prediction using Artificial Neural Network (ANN) 

and K-means on UCI heart disease dataset [6]. The main goal 

is to obtain high accuracy rate of prediction. The paper is 

designed as section I is a brief information about healthcare 

problem and data mining use cases are added in introduction 

section , section II is all about existing work. Section III 

specifies the proposed system architecture and algorithmic 

introduction. Next Section specifies about the steps required 

for K-means and ANN algorithm. In section V experiment 

detail steps are summarized along with dataset detail. Section 

VI is about result and conclusion. This paper proposed   a new 

model to boost the accuracy in recognizing the patterns of 

heart patients. It uses the different algorithm of Decision Trees 

such as K-means and ANN combined. 

II. RELATED WORK 

In this section, previous experiment and literature survey 

are reviewed. 

Heart disease Prediction using data mining techniques has 

been an ongoing effort for the past two decades. Most of the 

papers have implemented several data mining techniques for 

prognosis of cardiovascular disease such as Decision Tree, 

Naive Bayes, neural network, kernel density, automatically 

defined groups, bagging algorithm and support vector machine 

showing different levels of accuracies on multiple databases of 

patients from around the world.[8][9][10][11][12]. 

Ankita Dhewan and Meghana Sharma proposed a 

methodology of hybridizing two data mining techniques like 

Artificial Neural Network and Genetic Algorithm (GA) which 

was implemented to achieve high accuracy with least error [1]. 

The very big disadvantages of GA are unguided mutations. 

These mutations in genetic algorithm featured like including a 

randomly generated wide variety to a parameter of an 

individual of the populace [10] which is the cause for 

completely slow convergence of genetic algorithm. 

  M.Akhil jabbar, B.L Deekshatulu proposed algorithm into 

two parts i.e first part deals with evaluating attributes using 

genetic search and second part helps in structuring classifier 

and also to measure its accuracy. Comparison of accuracy of 

datasets with and without GA is done in this paper. When 

these two are combined accuracy showed a hike by 5%. The 

accuracy obtained using K-nearest neighbour and genetic 

algorithm is very less [25]. Also these algorithms take much 

more time for optimization. 

Humar Kahramanli, Novruz Allahverdi used a hybrid 

technique. They hybridize neural network that includes fuzzy 

and artificial neural network. A total 303 samples of dataset of 

patients with heart disease were taken which give 87.4% 

accuracy on attributes of UCI repository [17]. When fuzzy 

system is combined with neural network, fuzzy systems need 

to be tuned which is very time consuming and error-prone.  

Resul Das, Ibrahim Turkoglu, Abdulkadir Sengur used hybrid 

technique called neural network ensemble i.e combination of 

neural network and ensemble based methods. Even they have 

used Cleveland dataset. The accuracy obtained using their 

proposed system is 89.01%. They made use of SAS Enterprise 

Miner 5.2 to construct neural network ensemble based 

methodology. Even though they increase the number of neural 

network node in ensemble model but no improvement in 

performance was obtained [27]. 

Ashish Kumar Sen, Shamsher Bahadur Patel, Dr. D. P. Shukla 

in their research, article suggested heart diseases is biggest 

reason for mortality worldwide, this calls the needs of 

prediction of heart disease at the early stage is became vital 

[7]. Author has stated two level approaches in detection and 

prediction of heart diseases at early stage. In this paper neural 

and fuzzy network are utilized jointly. Neural network training 

is accomplished by using the data set from the neural network 

and once neural network is trained fuzzy rules are applied for 

prediction of the chances of heart diseases. Following the 

algorithm applied it could segregate the heart illnesses as low, 

medium or critical. This approach was limited for 

categorization but does not talk about accuracy and 

correctness. 
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III. PROPOSED SYSTEM 

In this section we mentioned about the system architecture. 

Fig. 2 represents the overview of systems architecture. The 

core modules of the proposed system consist of: 

 

Fig. 2. Heart Disease Prediction System Architecture 

 

A. Understanding Domain Dataset: Cleveland dataset 

is provided as input to system, detail about the 

Cleveland dataset is discussed in section V. We also 

provided feature of loading excel dataset or manual 

entries into the system.  

B. Data Preparation: When data is manipulated in a 

way that it can be suitable for future examination is 

called data preparation. 

C. Module: It talks about the algorithmic approach 

applied over the system in order to obtain high 

accuracy result. As an algorithmic approach we use 

ANN classifier and K-means clustering data mining 

techniques 

D. Evaluation and deployment: Final Analysing 

modules states information related to generated 

output. We obtain a confusion matrix, our system 

compares and conclude about measurable resultant 

artefacts like sensitivity, accuracy, decision support 

etc. 

A detailed flow of System Architecture of Heart Disease 

Prediction using data mining approach is shown in fig 3 

 
 

Fig. 3. Heart Disease Prediction System Detailed Architecture 

 

IV. ALGORITHMIC DESCRIPTION 

 

4.1 Clustering 

 When set of objects are grouped together so that every single 

object in identical group are alike when compared with others 

are called Clustering [20]. 

Clustering is further categorized as Hierarchical clustering 

and Partition clustering. Hierarchical clustering finds 

successive clusters using established clusters previously. It is 

further divided into two approaches one is bottom up approach 

and another is top down approach whereas partition clustering 

determines all clusters at once. K-means and its derivatives 

fall under partition clustering. 

 

K-means Algorithm 

K-means clustering is clustering technique based on 

partition which was launched in 1967 by Macqueen. To 

resolve cluster based problem, it is one of the easiest form of 

unsupervised learning algorithm [21][22]. It is one of the 

cluster analysis algorithms where „k‟ clusters are formed by 

partitioning „n‟ observations. Also the sum of square of 

distance within the data is minimized using Euclidean 

Distance Formula. The primary goal of using K-means 

clustering technique is that the data are organized by it into 

classes such as 

 high intra-class similarity 

 low inter-class similarity 

 

.4.1.1 K-means Algorithm 

K-means clustering is partition based clustering 

technique. It had been launched in 1967 by Macqueen. To 

resolve cluster based problem it is one of the easiest forms of 

unsupervised learning algorithm [21] [22]. The primary goal 

of using K-means clustering technique is that the data are 

organized by it into classes in such a way that there is 

 high intra-class similarity 

 low inter-class similarity 
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Algorithm 

Clusters the data into k organizations where k is 

predefined. 

Select k points randomly as cluster centers. 

Euclidean distance function used to assign objects with 

their closest cluster 

Calculate the centroid of most objects in every cluster. 

Repeat steps 2, 3 and 4 before same factors are allocated 

to each cluster in successive rounds. 

 

Input: The given input is a d-dimensional dataset of length n, 

and a k value, which shows amount of clusters mean to be 

produced. 

.Output: data set points assigned to centroid  

Complexity: It is relatively efficient and fast. Complexity for 

K-means is calculated as O,  

Where, 

n:  number of points  or objects, 

k:  number of clusters and  

i:  number of iterations 

 

4.2 Classifier:  

Classification means the procedure of arranging the data 

into different groups or classes according to their similarities. 

In our approach we use ANN classifier on various heart 

diseases attribute on the basis of common characteristics 

which can either be descriptive such as age, sex, cholesterol, 

fps etc. 

Whenever using statistics and the areas where huge amounts 

of data are collected and analyzed, it's important to sort the 

info points into sub-groups often. This can be a very hard task 

for human beings, who often aren‟t able to recognize which 

class a data point belongs to due to large amounts of data 

present in each data point. Instead, a digital classier is used. 

4.2.1 ANN Algorithm: 
Neural networks resembles biological network of brain 

neurons. Similar to central nervous systems, an interconnected 

group of neurons forms neural network. Each node gets input 

from other nodes and weights between nodes adjust so that the 

whole network learns to compute the output. There are various 

types of neural networks structures with each having its own 

learning algorithm. The neural network is a novel computer 

architecture compared to traditional computers. An artificial 

network of neurons connected with each other to give a 

specified output on applying input is called neural network 

[23] [24]. 

Types of ANNs 

 Single Layer Perceptron 

 Multilayer Perceptron (MLPs) 

 Radial-Basis Function Networks (RBFs) 

 Hopfield Network 

 Boltzmann Machine 

 Self-Organization Map (SOM) 

 Modular Networks (Committee Machines) 

 

In our approach we used Multilayer Perceptron. It is used 

to map input into outputs with the help of input layer, various 

hidden layers and output layer. In order to get optimal 

solution, it makes use of trial and error method. The design of 

neural network is shown in Fig 2 below [3] [7][11]. 

 
 

Fig. 4. Layers of ANN 

Pseudo code 

 Input nodes i, given input xi:  

For each input node i  

outputi = xi  

 Hidden layer nodes j 

For each hidden neuron j 

outputj = i phi(wjioutputi) 

 Output layer neurons k 

For each output neuron k 

outputk = k phi(wijoutputj)  

 

phi – activation function 

 

 
Fig 5 Graphical Representation Of Neuron In ANN. 

 

Where, 

The output is calculated by below function. 

                      k                                                         
              yj = ∑ wijxi 

                     f=1                                                           

 
Yj represents output neuron. 
Xi is input neuron 
Wij is the weight connecting Xi and Yj 
∑ is sigmoidal function 
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Input: A vector of real values (attribute, value) / obtained 

clusters from K-means. 

Output: Classified classed with associated weight 

Activation function: sigmoidal function 

Complexity: depends on the structure and number of layers in 

a neural network. 

In our case in order to obtain optimal solution:  O(2^n) to 

converge to optimal solution. Whereas below equation gives a 

Complexity solution to calculate approximate solution. 

 

O (#epochs * # examples * #features * #neurons) => 

approximate solution. 

 

V. IMPLEMENTATION STEPS 

 

Implementation:  
Input: A vector of real values (attribute, value) / obtained 
clusters from K-means. 
Output: Classified classed with associated weight 
Activation function: sigmoidal function 
Complexity: depends on the structure and number of layers in    

a neural network. 
In our case is to obtain optimal solution: O(2^n) to converge to 

optimal solution whereas 

Below equations give a complexity solution to calculate 

approximate solution. 

O (#epochs * # examples * #features * #neurons) => 

approximate solution. 

Implementation: 

Keeping in view the recent literature, we propose a 

methodology for our work flow in order to achieve our 

objectives. Computed significant weightage is the only way to 

discover the patterns important to heart disease prediction. 

Weightage are provided based on the range decided for the 

selected attribute from the dataset which is explained in 

dataset detail description. 

A total of 303 records are given as input to the system.. 

Heart disease dataset is given as input to the system on which 

basically pre-processing task is performed. In pre-processing 

we have taken care of missing values, Noisy data, and 

inaccurate data. In data preparation a major factor causing 

CVDS are considered for analysis purpose. Description about 

this attributes are mention in Dataset detail section. 

Pre-processed data is given as input to K-means Clustering 

(dataset, k) where k in the number of center. 

All data points/seeds (records) and iteratively converging to 

centroid still the optimal solution is obtained. Local optima 

and outlier problem is properly analyzed, So that an optimal 

solution can be obtained. Clustered output is given as input to 

feed forward layer of ANN classifier where recursive 

classification iteration converges the data point to respective 

class. In theory, ANN led to longer training times, but faster 

classifications. This is because an ANN requires a lot of 

computer power to converge, but once it has, the computations 

are fairly simple. This limitation was successfully managed by 

K-means output. K-means Converges faster than any other 

method. So a novel combination of K-means and ANN leads 

to provide and faster and optimal solution. Using this method 

we already achieved a precision of 93.52% and sensitivity of 

89.83%. 

 

Data Set Details 

 The Cleveland dataset of 303 records and 14 attributes from 

UCI repository is used for heart disease prediction using ANN 

and K-means. Also the dataset from UCI repository is a real 

time datasets generated from patient records and they have 

around 76 attributes including a prediction attribute, which 

suggests regarding the severity of disease on scale of 1 to 4 or 

no presence at all. In our experiment, 14 attributes are used 

for this study & testing as shown in Table 1.  

Dataset repository: UCI repository 

 

  
TABLE I. INPUT ATTRIBUTES 

  

Name  Type  Description  

Age  Continuous  Age in years  

Sex  Discrete  
1 = male  

0 = female  

Cp(chest pain) Discrete  

Chest pain type:  

0= typical angina  

1 = atypical angina  

2 = non-anginal pain  

3 =asymptomatic  

Trestbps 

(resting BP) 
Continuous  

Resting blood pressure (in mm Hg)  

Chol 

(cholestrol) 

Continuous  Serum cholesterol in mg/dl  

Fbs 

(fasting blood 

sugar) 

Discrete  

Fasting blood sugar > 120 mg/dl: 1 = 

true  

0 = false  

Restecg 

(resting ECG) 
Discrete  

Resting 

electrocardiographic results:  

0 = normal  

1 = having ST-T wave abnormality  

2 =showing probable  

3 define left ventricular hypertrophy 

Thalach Continuous  
Maximum  heart  rate  

achieved  

Exang Discrete  

Exercise induced angina:  

1 = yes  

0 = no  

Oldpeak Continuous 
ST depression induced by exercise 

relative to rest 

Slope  Discrete  

The slope of the peak exercise 
segment : 0= up sloping  

1= flat  

2= down sloping  

Ca Discrete 

 

Number of major vessels colored by 

flouroscopy  
 

Thal Discrete  

0 = normal  

1= fixed defect  

2= reversible defect  

 

Num Discrete 

0=Healthy 

1=Unhealthy 
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True positives (TP): The cases which are predicted yes i.e 

those people have the heart disease and they actually have 

them. 

True negatives (TN): The cases which are predicted no, and 

also they those people don't have the disease. 

False positives (FP): It is called as Type I error. The cases 

that are predicted yes, while those people actually don't have 

the disease. 

False negatives (FN): It is also called as Type II error. The 

cases which are predicted no, while those people they do have 

the disease. 
               

TABLE II. CONFUSION MATRIX 

 
 True Positive True Negative 

 

Predicted Positive 

     

      159 

    

   111 

 

 
Predicted Negative 

        
       11 

        
     18 

 

 
 TABLE III. STANDARD MEASURES 
 

 

   Measure 

     

     Value 

 

Derivations 

 

Sensitivity 

 

   0.8983 

 

TPR=TP/(TP+FN) 

 

Precision 

 

    0.9352 

 

PPV=TP/(TP+FP) 

 

Sensitivity and Precision are standard measures to check the 

efficiency of implemented algorithm. 

 

 

 
 

      Fig. 6. Results 

 
 

Fig. 7. Comparative Analysis of hybridized algorithm 
 

 

   

 

VI CONCLUSION 

 

Healthcare data is massive. If the number of attributes is 

less then predicting heart disease is a challenging task in data 

mining.  

As heart patients are growing every year, huge medical 

data is available. Researchers are applying data mining 

techniques on this data to analyze   heart disease. Analysis 

showed that to classify knowledge data from huge amount of 

medical data, artificial neural network proved to be best. 

Population is growing in exponential way. Death rate due to 

cardiovascular diseases is also increasing. The only alternative 

to control this is to predict the cardiovascular disease and 

medicate it before it goes worse. Our hybrid approach gives 

higher accuracy rate of about 93.52% than earlier proposed 

method 
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