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Abstract: Heart disease diagnosis has become a difficult task in the  

field of medicine. This diagnosis depends on a thorough and 

accurate    study of the patient’s clinical tests data on the health 

history of an individual. The tremendous improvement in the field 

of machine learning aim at developing intelligent automated 

systems which helps the medical practitioners in predicting as well 

as making decisions about the disease. Such an automated system 

for medical diagnosis would enhance timely medical care followed 

by proper subsequent treatment thereby resulting in significant life 

saving. Incorporating the techniques of classification in these 

intelligent systems achieve at accurate diagnosis. Neural Networks 

has emerged as an important method of classification. Multi-layer 

Perceptron Neural Network with Back-propagation has been 

employed as the training algorithm in this work. This paper 

proposes a diagnostic system for predicting heart disease. For 

diagnosis of heart disease 14 significant attributes are used in 

proposed system as per the medical literature. The results tabulated 

evidently prove that the designed diagnostic system is capable of 

predicting the risk level of heart disease effectively when compared 

to other approaches.  
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I. INTRODUCTION 

The most complicated and complex task in the field of 

medical sciences is the prediction of heart disease. Heart is 

considered to be the most vital organ of the human body [1]. 

There is an intense need in predicting the level and 

seriousness of heart disease that provide an accurate 

treatment to the patients. Heart disease can be referred to 

various conditions that lead to abnormal functioning of 

heart, which may involve blood vessels, arteries etc.  
Effective diagnosis of heart disease results in an appropriate 

treatment to a patient. This requires a deep study of 

cardiovascular analysis of the patient that includes 

symptoms such as chest pain chest tightness, chest pressure, 

and discomfort in breathing, numbness etc [2]. The 

cardiovascular diagnosis involves certain decisions to be 

taken based upon the health history and the clinical test  

results of a person [11]. The process of decision making is a 

challenging task to the medical practitioners which has to be 

done accurately and efficiently where a mere negligence 

may lead to the life risk of a patient. 
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For proper and accurate diagnosis there must be an 

intelligent automated system that should assist medical 

practitioners in making decisions based on the current 

symptoms and medical history of a patient [3, 10]. 

This paper proposed an intelligent automated system 

incorporating the techniques of data mining with machine 

learning in order to make decisions. Medical practitioners 

are being assisted by the automated systems for providing 

effective treatment [18]. Data mining techniques involves a 

combination of statistical methods with machine learning 

algorithms .Data mining techniques help the system in 

analyzing the symptoms and machine learning methods help 

in predicting the disease based on the analysis performed 

[13,20]. The advantage of this automated system is that it 

predicts the disease in a less amount of time as well in less 

cost. Therefore, more research is carried out in the field of 

machine intelligence to improvise the system for an 

effective prediction. This paper proposed an intelligent 

system developed using the concept of Multilayer 

Perceptron Neural Network with Back propagation 

algorithm, as a practitioner needs to make a decision from 

multiple inputs such as current and previous medical history 

of a patient. Neural networks are proved to be effective in 

making decisions by predicting the data. As the inputs used 

in predicting the disease are more in number and diagnosis 

has to be performed at different stages, Multilayer 

Perceptron based neural networks are used in this proposed 

system. Neural Network extends its predictive capability at 

different hierarchical levels in a multi-layered structure of 

networks. This multi-layered structure helps in selecting 

features from the dataset at different scales in order to refine 

them into more specific features. To facilitate this, the 

concept of Multi-layer Perceptron Neural Network has been 

introduced through the implementation of Back-propagation 

algorithm for efficient diagnosis of heart disease. In this 

paper, 14 attributes are used as inputs for training the system 

of neural networks for diagnosing heart disease risk level 

using multi-layered network. 

Traditional diagnosing approaches have no proper 

automated tools use for the purpose of heart disease 

diagnostic system. The commonly used data mining 

algorithms for predicting diseases are: 

● Genetic algorithm 

● K-means algorithm 

● MAFIA algorithm 

Several methods proposed the implementation of 

classification algorithms in diagnosis of heart disease and 

resulted with an accuracy of 88.33%.  
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They used algorithms such as Naive Bayes algorithm, 

Decision list algorithm and KNN algorithm with the ECG 

attributes and clinical symptoms to detect the heart disease.  

Classification is a two-step process. The first step is a 

learning step where a classification model is constructed. 

And a final model is created in the second step for the 

prediction of class labels for the given data [6].  

Decision Tree Induction: A tree like structure is a decision 

tree, the root node is the topmost node an attribute is tested 

on internal node, outcome of the test is represented on 

branch, and a class label is denoted by leaf node [14].  

Naïve Bayes Algorithm: This is based on the Bayes 

theorem. Even though the datasets are larger in size this 

method can produce very high classification accuracy. This 

algorithm uses class conditional independence and has 

ability to learn quickly.  

Random Forests: Here each classifier is a decision tree and 

uses ensemble learning algorithm. The group of classifiers is 

a forest and individual decision trees are generated by 

randomly selecting the attributes at each node to split the 

tree [8,9].  

Artificial Neural networks: The idea of ANN is based on 

the human brain which consists of neurons. An artificial 

neural network is constructed with the input, output and 

hidden layers. A transition in a layer is associated with a 

weight. Input is fed to the input layer and the output of the 

output layer is compared with the input which gives the 

error rate of the weights in the neural network [4].  

Support Vector Machines: SVM is one of the techniques 

of classification which uses a supervised learning 

mechanism. The main aim of SVM is to use a determined 

hyper plane to separate the two classes. When compared to 

other algorithms this has a high training speed [7].  

Linear Regression: It is a method of fitting the best line to 

the attributes present. Therefore to predict other attributes 

one can use every attribute in the dataset.  

K-NN: K Nearest Neighbor algorithm is used for 

classification as well as for regression. Here ‘k’ is the data 

set items considered for the classification. Now the required 

distance is calculated using Euclidian distance or Manhattan 

distance or any metric as per the user’s choice [12].  

Deep learning: Data Mining is implemented by Deep 

learning which is a sub field of machine learning using the 

artificial neural networks. It works by constructing 

architectures such as deep neural networks and deep belief 

networks. 

Many works resulted in predicting heart disease effectively 

but the accuracy is below 90% that specifies that the 

systems developed so far cannot be used for the accurate 

heart disease prediction. The proposed system aims at 

improving the accuracy by implementing multi layered 

neural networks. The accuracy of the system is presented in 

the experimental results. 

II. METHODOLOGY 

The proposed system implements the concept of multi-

layered neural networks as neural networks are proved to be 

effective for practical applications. This system is processed 

in two phases: in the first phase 14 clinical attributes are fed 

as input and then the network is trained with training data by 

back-propagation learning algorithm as mentioned in the 

Figure 1 below: 

 
Figure1: Flowchart of the Proposed Prediction system 

 

The performance of the developed system can be evaluated 

by the following measures.  

For each algorithm the sensitivity, specificity, precision 

[15,16,17,19] and accuracy are observed which are 

described as follows  

 

Sensitivity:  

Sensitivity is the true positive rate and is defined as the 

number of positive tuples which are correctly classified. 

Sensitivity = 
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + # 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

Specificity: 

Specificity is the negative rate is the number of negative 

tuples that are correctly classified. 
  

Specificity = 
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

# 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + # 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

Precision: 

This is the fraction of true positives in contrast to the overall 

correct results is calculated. 

Precision = 
# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + # 𝑜𝑓 𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠
 

 

Accuracy  

It is the percentage of the test tuples that are classified 

properly by any algorithm. 

 
Accuracy = 

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + #𝑜𝑓 𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠

# 𝑜𝑓 𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 +  𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠 +  𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠 + 𝑡𝑟𝑢𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒𝑠
 

Data Source 

 The heart disease data set has been referenced from UCI 

Repository, and it consists of 303 records, 297 are complete 

and 6 with missing/unknown values[5].  
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Table 1: Heart Disease Dataset 

 

 

III. RESULT ANALYSIS 

This proposed system classifies the heart disease data into 5 

categories diseases with 97.5% accuracy using back-

propagation algorithm.  In this paper, the prediction system 

gives the improved result with highest accuracy of 98.58% 

for 20 neurons in hidden layer with same Cleveland heart 

disease database. The multi-layered perceptron decision 

making system embedded with improved algorithm proved 

to be effective by dividing its training dataset on multiple 

subsets with 82.8% accuracy with running time of 

5.97seconds. The prediction system in this paper gives 

higher accuracy of 93.39% for 5 neurons in hidden layer 

with running time of 3.86seconds.  The performance of the 

proposed system is compared with other classification 

techniques and is tabulated as shown in the result analysis. 

This shows that the proposed prediction system shows 

higher performance. 

 

Table 2: Performance analysis after applying various and 

proposed algorithms on dataset 

 
 

The above table, Table 2 depicts the various performance 

metrics of the classification algorithms Decision tree, 

Logistic Regression, Naïve Bayes, Random forests, Support 

Vector Machines, Generalized Liner Model, Gradient 

Boosted Trees, Deep Learning and MLPNN models on the 

Heart Disease dataset. 

 

 
 

Figure 2: Graphical representation of Sensitivity 

The above graph, Figure 2 depicts that Naïve Bayes, 

Random forests Deep Learning and MLPNN models have 

the highest sensitivity. 

 
 

The above graph, Figure 3 depicts that the MLPNN has the 

highest specificity when compared to other classifiers. 
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The above graph, Figure 4 depicts that the algorithms 

Decision tree, Naïve Bayes, Gradient Boosted Trees and 

MLPNN models classifiers have the highest precision. 

 

 
Figure 5: Graphical representation of Accuracy 

The above graph, Figure 5 depicts that the Naive Bayes and 

MLPNN have the highest accuracy when compared to the 

other algorithms. 

IV. CONCLUSION 

The proposed system of heart disease prediction with 

appropriate diagnosis has been framed up using Multilayer 

Perceptron Neural Network. For effective prediction, back 

propagation algorithm was applied to train the data and 

compare the parameters iteratively. The propagation 

algorithm has been repeated until minimum error rate was 

observed. And it is quite evident from the results presented 

in the previous section that the accuracy rate is maximized. 

It is proven from the results that the proposed method 

effectively predicts the heart disease through the 14 

attributes when compared to the other approaches. This 

work can be extended to predict and analyze the level of the 

disease by considering more attributes. 
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