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Abstract: Early re-admission of patients increases the cost of 

health care and it highly influences the reputation of the hospital. 

Finding readmission in primary stage, allows the hospitals to give 

special care for those patients, and then can reduce the rate of 

readmission. In this work develop a new model using deep 

learning. It is the comparison method between machine learning 

and deep learning. Usually Logistic regression is used for all kind 

of prediction. But according to this data artificial neural network 

model in deep learning give promising result than logistic 

regression. 

Index Terms: Logistic Regression, Artificial neural network, 

Multilayer perception.  

I. INTRODUCTION 

In the United States, almost 30.2 million people suffering 

diabetes decease. The figure represents between 27.9 and 

32.7 percent of the total population. Diabetes is the large 

problem in healthcare world. It is lifestyle decease. Diabetes 

is considered as the dangerous and chronic diseases due to 

increase in sugar level in blood. Lots of complications may 

occur if diabetes remains unidentified and untreated. The 

major identifying process is visiting a patient to a diagnostic 

center and consultation with a doctor.  Prevent diabetes by 

modifying lifestyles and intervention of new drugs has 

convincingly shown that these measures can.   

Diabetic patient’s hospital readmission is an 

important problem in health care industry. BeataStrack et.al 

(2014) studied about this topic and they developed new 

model for predicting hospital readmission using logistic 

regression. They mainly focus on Hba1c result for their 

analysis [1]. 

Several publications are available related to 

machine learning and neural network Sushant Ramesh et.al 

(2017) says diabetic prediction using deep learning, with help 

of prima Indian diabetic data set. Implementation using 

tensor flow frame work. Calculations done by the help of 

Random Forest Algorithm. Along with they are using deep 

neural network model for predicting the diabetic patients [3].  

Various published papers studied about patients hospital 

admissions. Ahmad Hammoudeh et.al (2018) uses cnn model 

for classification purposes. The frame work they are used are 

Tensor flow and scikit learn for neural network 

implementation. Combination of convolutional neural 
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network model and data engineering give promising result 

for medical fields (4). 

Bhuvan M S et.al (2016) studied about the medical 

data analysis through associate rule mining and feature 

importance mining along with they studied about 

classification algorithms related to these data sets. Based on 

the study finding the risk factors effects the readmission 

based on the diabetic data (2). 

I. DATA AND METHADOLOGY 

A. Data 

The dataset taken from UCI Machine Learning Repository, 

it is a big dataset with over more than one lack one hundred 

rows and 55 column that is attributes, extracted from 

patient’s health records from United States over 150 hospitals 

from 1999-2008, each row considered as an encounter record 

of each patient. Encounter Record includes encounter_id, 

admission_type_id_description, discharge_disposition_id 

description, admission source id_description, 

time_in_hospital , num_lab_procedures, and diagnosis result 

in 3 stages, result of A1C Test and also 23 diabetic 

medicines. 23 medicines include common diabetic medicines 

like metformin, glimepirideetc. those are basic medicine. In 

case of serious diabetic cases doctors may provide 

combinations of medicines most important part of this data 

set is some features contains subdivisions. In case of 

Discharge description id and admission source id 

descriptions and etc. 

Medical records of each patient included more than 50 risk 

factors and a one column contains class label represents 

whether a patient was re-admitted or not. Label contains 3 

classes readmission within thirty day period, after thirty days 

or patient was never readmitted. From the data the 

readmission rate is as follows 35 percentage of patients were 

readmitted within one month54 percentage patients were not 

readmitted. 

  Diagnosis is the method of a patient is diabetic or not. 

HbA1c test is the best method for diabetic detection. It is 

Hemoglobin A1c test it explains the average blood sugar 

level of a patient over past two to three months. It is also 

known as HbA1c Glycated Hemoglobin test. Normal level of 

HbA1c test is  4% to 5.6% and 5.7% to 6.4% says that those 

people have high chance of getting a diabetic patient. 6.5% or 

more shows they have diabetics. The higher A1c result shows 

the risk having complicated related to diabetic patients. 

Table 1 shows missing values in the data. Data contains one 

lack one thousand and fifty six encounter. Race, medical 

specialty and payer code 

contains high percentage of 

missing values. Removing 

these attributes from the data 
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in the preprocessing stage. Payer code is the one of the 

feature in the data it is not an important.    

 
Table 1. Attributes containing missing values 

Attribute Missing values 

Race 2.23% 

Weight 96.85% 

Payer Code 40.5% 

Medical Specialty 50.1% 

Diag_1 .02% 

Diag_2 .35% 

Diag_3 1% 

 

Gender having less no of missing values. Data contains three 

diagnosis result. If more than three features are missing in 

one encounter it is considered as bad data, so remove an 

encounter if 3 diagnosis are empty. 

 

 

Table 2:  ICD9 code and complications 

 

ICD9 codes are like medical coding. Used for representing 

disease in medical industry. Codes include values from 001 

to 999. Each code represents each disease. 250.00 to 250.99 

represents icd9 code of diabetic mellitus. Table 2 represents 

icd9 code and corresponding disease.  

 

B. System Architecture 

Architecture of proposed model shown in fig 1. Data 

contains lots of missing values, unimportant data and noises 

so preprocessing is the important step. In preprocessing step 

data normalize using probability distribution. Data split in to 

test set and train set. Here 80% data used for training and 

20% data used for testing. Model building is using mlp neural 

network and at last comparing the model accuracy using 

existing and proposed method. For data validation 

tenfoldcross validation methods are used.  

 

 

 

Fig. 1, System Architecture 

 

C. Logistic Regression 

Logistic regression is popularly known as machine 

learning classification method for prediction. Logistic 

regression contains a dependent variable it is also known as 

target variable. Independent variable is also known as 

Predictor variable. Regression analysis is a very important 

tool for analyzing and modeling data.  

 

𝑌 = 𝑏0 + 𝑏1 × 𝑋 +E             (1) 

Equation 1 shows the basic equation of the linear regression. 

All other equations are driven from this basic equation. It is 

popularly known as the equation of the straight line. Adding 

sigmoid function to the linear regression we can develop new 

equation for the logistic regression. 

 

0 ≤ 𝜃   𝑥 ≤ 1                                                                  (2) 

                

 

𝜃  𝑥 = 𝑔(𝜃𝑇𝑥)               (3) 
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𝑔 𝑧 =
1

1+𝑒−𝑧                 (4) 

 

Decision Boundary 

 

𝜃  𝑥 =  𝑔(𝜃
0 

+ 𝜃1𝑥1 +  𝜃2𝑥2)         (5) 

Predict (y=1) if -3 +𝑥1+ 𝑥2 ≥ 0                                          (6) 

 

Logistic regression Cost Function 

 

𝑗 𝜃 =
1

𝑚
 𝐶𝑜𝑠𝑡(𝜃 𝑥𝑖 , (𝑦𝑖))

𝑚

𝑖=1

                                          (7) 

𝐶𝑜𝑠𝑡 𝜃 𝑥 , 𝑦 =  
− log 𝜃 𝑥             𝑖𝑓 𝑦 = 1

−  log 1 − 𝜃 𝑥     𝑖𝑓  𝑦 = 0
         (8) 

 

 

D. MLP- Artificial neural networks (ANN) 

 

Artificial neural networks (ANN) is computing systems. It 

developed by getting the idea from the structure of biological 

neural networks that that considered as human brain.Neural 

network itself is never considered as a perfect algorithm, but 

actually it is a framework helps many different Machine 

Learning algorithms to process together to run and solve 

complex data inputs. ANN contains artificial neurons. 

Artificial neurons means set of connected nodes or units, 

which mimics the neurons in a human brain. Each and every 

connection same as the synapses in brain, can transmits 

signals from one neurons to another neuron. When artificial 

neuron receives a signal it will process the signal and act 

accordingly. 

 Multilayer perceptron (MLP) is a single hidden layer. It is 

important and classical type of artificial neural network model. 

MLP contains 3 layers of nodes: first input layer, hidden layer 

and the last layer is output layer. In this each node is 

considered as neuron that uses a nonlinear activation 

function. If layers in MLP are connected, each nodes in each 

layer is connected with specific weight  𝜔𝑖𝑗 . It uses back 

propagation algorithm. MLP algorithms mainly used to solve 

the classification prediction problem and also classification 

regression problem. 

 

 

 

 
Fig. 2 Layers of neural network 

 

Hidden layer of MLP is a function  

𝑓:𝑅𝐷 → 𝑅𝐿                                                                           (9) 

D is size of input, x & L are size of the output vector and 𝑓 𝑥  
is the matrix notation: 

𝑓 𝑥 = 𝐺(𝑏 2 + 𝑊 2  𝑠 𝑏 1 +  𝑊 1 𝑥 )                   (10) 

𝑏1 𝑎𝑛𝑑 𝑏2are bias vectors and 𝑊1𝑎𝑛𝑑 𝑊2 are weight. 

G is the Activation Function  

 

  𝜀 𝑛 =  
1

2
 𝑒𝑗  

2

𝑗

 𝑛  11  

Using Gradient Boosting 

 

∆𝑊𝑗𝑖  𝑛 =  −𝑛
𝜕 𝜀 𝑛 

𝜕𝑣𝑗  𝑛 
𝑦𝑖 𝑛                                        (12) 

𝑦𝑖 is the previous neurons output and 𝑣𝑗  local induced field 

 

−
𝜕𝜀(𝑛)

𝜕𝑣𝑗 (𝑛)
=  𝑒𝑗  𝑛 ∅

′  𝑣𝑗  𝑛                                          (13) 

 ∅′ is activation functions derivate. 

−𝜕𝜀(𝑛)

−𝜕𝑣𝑗 (𝑛)
=  ∅′  𝑣𝑗  𝑛   −

𝜕𝜀 𝑛 

𝜕𝑣𝑘 𝑛 
𝑘

𝑤𝑘𝑗  𝑛                  (14) 

E. MODEL BUILDING 

Machine Learning can deals with huge amount of data. But 

Deep Learning is very efficient for deals with those data. 

Build a new model using deep learning. Deep learning 

contains lots of algorithm for classification here using 

Multilayer perceptron Artificial neural network model for 

developing new model.  

II. RESULT 

 

Logistic Regression Result Contains Dataset details 

Accuracy and cross validation score from the analysis 

 
Table 2 Result of Logistic Regression Model 

Original dataset shape 

Counter 

({0: 56476, 1: 5199}) 

New dataset shape Counter ({0: 56476, 1: 56476}) 

No. Observations 90361 

Cross Validation Score: 60.70% 

 

Dev Set score: 60.59% 

 

Accuracy 61.62% 

Current function value: 0.665612 

 

Iterations: 35 

 

Table 3 Result of MLP Neural Network model.  

Table contains data set shape, Accuracy, Deviation score and 

f1 score of confusion matrix. 

 

 

 

https://en.wikipedia.org/wiki/Biological_neural_network
https://en.wikipedia.org/wiki/Biological_neural_network
https://en.wikipedia.org/wiki/Neuron
https://en.wikipedia.org/wiki/Synapse
https://en.wikipedia.org/wiki/Activation_function
https://en.wikipedia.org/wiki/Activation_function
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Table 3: Result of MLP Artificial neural network Model 

 

Original dataset shape 

Counter 

({0: 56476, 1: 5199}) 

New dataset shape Counter ({0: 56476, 1: 56476}) 

No. Observations 90361 
Dev Set score: 81.63% 

 

Accuracy 82.86% 

F1 score 82% 

 

 

 
Table 4 :Result Comparison between Logistic Regression and MLP Neural 

network 

Model Accuracy Precision Recall 

Logistic 

Regression 

61.62 62 55 

MLP Neural 

Network 

82.86 82 80 

 

Table 4 shows the comparison between two methods. It 

compares Accuracy and Precision recall scores.  

 

 

Fig 3: Graphical representation of performance matrix 

 

III. CONCLUSION 

Proposed model gives promising result than the existing 

model. Here we are predicting early readmission of diabetic 

patients using machine learning and deep learning 

classification algorithms.Multilayer perceptron Artificial 

neural network model gives better accuracy and lower error 

rate than traditional predicting method logistic regression.  
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