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Abstract — Kidney disease is a larger problem in today’s era.
Huge population suffers due to kidney problem and mortality rate
is increasing largely. Diagnosis of kidney disease and dropping
death rate in population is challenging task for health care offi-
cials. In this study, we propose the methodology to diagnosis kid-
ney disease using Naive Bayes (NB), Random Forest, Bagging and
k-Nearest Neighbor (KNN). Missing value in dataset is handled by
Mean imputation technique and transformation is done using La-
belEncoder method to transform nominal dataset to numeric da-
taset. Accuracy percentage and Root Mean Square errors were
calculated and compared. From the obtained results Decision Tree
algorithm gave an improved accuracy percentage of 100% for di-
agnosing kidney disease.

Keywords—Classification, Naive Bayes, k-nearest neighbor,
Random Forest and Accuracy

1. INTRODUCTION

Irrespective of any age group the most important disease
which gets affected largely is kidney disease. It is considered to
be the tenth highest rank of mortality in the global population
[81[9]. Major causes for kidney disease are diabetics, blood
pressure, improper life style, eating junk foods, lower intake of
water, artery disease, etc [10]. Kidney disease can be treated
casily with less treatment cost and extended survival rate of
patient when if it is identified in early stage. Symptoms for this
disease are recognized by patients, but people ignore them which
lead to the major risk[8].

Kidney diagnosis in the initial stage is done using blood test
[11]. Physician mostly takes decision by comparing the result of
previous patient’s history. It becomes difficult for physicians to
make accurate decision in the diagnosis process with the regular
test results. Machine Learning algorithm does a tremendous job
to predict and analyse patient’s data at earlier stage of disease

[31[6].

The flow of this paper is as follows; section 2 describes about
description of the algorithms implemented in this paper. Section
3 specifies related work for this finding, in the next section
dataset used for performing this study is mentioned. Section 5
specifies the proposed methodology; section 6 describes the
algorithmic steps implemented for proposed methodology.
Results analysis are done in section 7 and finally conclusion is
mentioned in section 8.

II. MACHINE LEARNING ALGORITHMS

A. Naive Bayes Algorithm

Naive Bayes algorithm, is a probabilistic based classifier
which is based on Bayes theorem[6][8]. In Naive Bayes noisy
data and missing dataset are handled effectively. Naive Bayes
classifier predicts independent feature with predicator (Y) to
class (X), it derives probabilistically with given tuple of a
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specific class using (1), P(X) denotes the class attribute present
in the dataset.

P(Y|X)P(X)

P(xIY) = 203

M

B.  K-Nearest Neighbor algorithm

K-Nearest Neighbor algorithm follows a non-parametric
lazy learning method [7]. It trains all the classifier based on the
distance measure using either Euclidian distance measure or
Manhattan distance measure represented in (2) and (3). K-
Nearest Neighbor classifies only integer dataset for performing
classification, so data type conversion is recommended for this
algorithm.

Euclidian distance measure: Y5=1 (x; — y;)? 2)
Manhattan distance measure: Y <=1 | x; — y;| 3)
C. Bagging

Bagging is a powerful learning method which follows a
voting method to classify the dataset using bootstrap method to
generate training dataset [12]. Bootstrap aggregation is also done
based on the bagging to obtain the subsets of data for training
the learners. N different trees are trained independently and
average is obtained using (4),

fO) == 2L, f,) @)

where, f; (y), £,(¥), .... f,(y) are the training set from dataset
to build prediction model using N separate training sets, and
average them to obtain a low variance learning model.

D. Random Forest

Random forest grows multiple decision trees during training
process [4] [12]. Voting mechanism is followed to select the
most voted class of the prediction result. This method first
performs bootstrap sampling with N sample cases at random.
Later, in each node the process first randomly selects n variables
and at last it grows into a full tree without pruning. From this we
can obtain the higher most predicted result from each single tree.
Majority vote can be obtained by taking an average or weighted
average of trees.

Training Data [Size = n]

1L

Dl DZ Dn

I

Averaging or Voting

Fig.1 Structure of Random Forest
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Random forest uses two parameters named ntree and mtry,
ntree specifies total number of trees used and mtry specifies
number of features.

E. Decision Tree Induction

Top-down recursive tree induction is also known as
decision tree induction, it uses an attribute selection measure
to identify attribute for every node to build a decision tree.
ID3, [Classification and Regression Tree] and ID5 are the
three most popular algorithm which follows greedy non-
backtracking approaches in decision tree induction. All these
three algorithms follow same pattern of divide and conquer
approaches. Clinical datasets are partitioned into training and
test dataset, training dataset recursively partitions into smaller
subset to form a tree.

I11. RELATED WORK

El-Houssainy et.al [2] presented a model for predicting
stage of kidney disease using data mining algorithms for early
detection and characterization. Probabilistic Neural Networks,
Multilayer Perceptron, Support Vector Machine and Radial
Basis Function algorithms are used in this study. These
algorithms are compared among these Probabilistic Neural
Networks shows the highest accuracy percentage of 96.7% in
comparison with other algorithms.

Zixian Wang et.al. [8] implemented a machine learning
based predicting system for chronic kidney disease using
Associative Classification Techniques using WEKA. ZeroR,
J48, IBK and Naive Bayes classifiers are used to compare
accuracy and error rate of the predicting system. Accuracy rate
of 99% were achieved with IBK with Apriori association
algorithm.

Marwa Almasoud et.al. [1] implemented the methodology
for ‘Detection of Chronic Kidney Disease using Machine
Learning Algorithms with Least Number of Predictors’. This
was conducted for diagnosing chronic kidney disease using
logistic regression, support vector machines, random forest,
and gradient boosting algorithms. They obtained improved
accuracy when implemented with gradient boosting
algorithms for detecting kidney disease.

Tekale, S, Shingavi et. al.[5] developed “Prediction of
Chronic Kidney Disease Using Machine Learning Algorithm”
using decision tree and support vector machine in which
support vector machine showed an improved accuracy of
96.75%. In this study they have done pre-processing before
implementing the algorithm for prediction.

Sumana De et. al. [4] presented the ‘Development of
Chronic Kidney Disease Prediction System (CKDPS) Using
Machine Learning Technique’. Prediction and comparison of
all algorithms was done and concluded random forest
algorithm as the best algorithm to predict kidney disease.

From the study of literature review it is noticed that various
classification algorithms were used for implementation to

predict the diagnosis of kidney disease. In different levels the
diagnosis was carried out to achieve the better results. Based
on the literature study the proposed methodology in section 5
will be constructed.

IV. DATASET DESCRIPTION

Dataset collected for undergoing this research is taken
from secondary data source https:/archive.ics.uci.edu/
ml/datasets/chronic_kidneydisease, in which many research
have done the research. which has 25 attributes [10]. Among
these attributes 11 are numeric and remaining 14 attributes are
nominal. Class attribute predicts the present or absence of
kidney disease. Dataset used in this study is listed in Table —
L.

TABLE - I. DATASET DESCRIPTION

Sr. No DataSet Description
1 Age Numeric
2 Blood Pressure Numeric
3 Specific_Gravity Nominal
4 Albumin Nominal
5 Sugar Nominal
6 Red Blood Cells Nominal
7 Pus_Cell Nominal
8 Pus_Cell Clumps Nominal
9 Bacteria Nominal
10 Blood_Glucose_Random | Numeric
11 Blood_Urea Numeric
12 Serum_Creatinine Numeric
13 Sodium Numeric
14 Potassium Numeric
15 Hemoglobin Numeric
16 Packed_Cell_Volume Numeric
17 White Blood Cell Count | Numeric
18 Red Blood Cell_Count Numeric
19 Hypertension Nominal
20 Diabetes_Mellitus Nominal
21 Coronary_Artery Disease | Nominal
22 Sex Nominal
23 Pedal Edema Nominal
24 Anemia Nominal
25 Class Nominal

V.PROPOSED METHODOLOGY
Proposed methodology for predicting kidney disease is
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represented in Fig. 1. major objective of this research is to
predict the presence or absence kidney disease using
classification algorithms. Python 2.7.15 software is used to
implement the proposed model. Execution steps for proposed
methodology are listed below,

1. Dataset for implementing the research is collected
from UCI machine learning repository which is listed
in Table - I. Collected dataset are stored in a .csv file.

2. Dataset is of raw data which cannot be directly used
for implementation. So raw data is preprocessed.

3. Original dataset has 14 nominal attributes and 11 nu-
meric attributes. Nominal values cannot be used for
algorithm directly, so transformation of nominal da-
taset is done. LabelEncoder() method is used to trans-
form nominal dataset into numerical dataset.

4. In the next step the missing values present in each
attribute are calculated. As many attributes has miss-
ing values Mean Imputation technique is used to im-
pute missing values.

5. Model Processing phase splits dataset into training
and test dataset. 80% dataset are considered as train-
ing dataset and 20% are considered as test dataset.

6. Naive Bayes classifier, K-Nearest Neighbor, Bag-
ging, Decision support system and Random forest
classifier are applied to perform classification of kid-
ney disease.

7. Comparison of all classification algorithms are done
on calculating accuracy and root mean square error.

8. Comparison results shows that Decision Tree classi-
fiers showed an improved accuracy percentage of
100% with minimized error rate.
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Fig.2 Structure for predicting kidney disease

VI.  ALGORITHMIC STEPS
Step — 1: Start
Step — 2: Read the Dataset An
Step — 3: Check dataset attributes

If (attributes == ‘nominal’)

{

Convert into ‘Numerical’

}

Step — 4: Calculate missing values
If (missing attributes == TRUE)
{

Apply Mean Imputation technique

}

Step — 5: Categorize Target and Response variable
Step — 6: Split training and test dataset as 80% — 20%

Step — 7: Implement classification algorithms for training
and test dataset

Step — 8: Calculate classification accuracy, sensitivity,
specificity and root mean square error

Step — 9: Select model with higher accuracy and less error
used for diagnose and predict kidney disease

Step — 10: Stop

VIL

Experimental work for this research is conducted in
Python 2.7.15. Dataset collected from UCI machine learning
repository are stored in .csv file. Python reads the dataset and
checks for datatype of each attributes, later using
LabelEncoder() method nominal attributes are converted into
numeric attributes.

RESULT ANALYSIS

Using isnull() function it calculates the missing values
present In each attributes. As dataset shows large number of
missing values, missing values are handled using Mean
imputation technique. After applying mean imputation all the
attributes are completely fitted with mean values of attributes.
Then dataset is divided into training and test dataset for that
80%-20% combination was considered.

Naive Bayes classifier, K-Nearest Neighbor, Bagging,
Decision support system and Random forest classifier are
applied for training dataset and test results are obtained and
noted. Comparison of test result is done on applied classifiers
and results are visualized using bar graph. Error rate for each
classifier are noted and compared.
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TABLE II. ALGORITHMIC RESULTS

S.No Algorithm Accuracy % | RMSE
1 Naive Bayes 97.5 031

2 KNN 99.57 0.139
3 Bagging 63.33 125

4 Decision Tree 100 0.0

5 Random Forest | 99.17 0.12

In Table — II the results obtained from many classifiers are
tabulated. Implementation was carried out in Python for
getting accurate results. Based on the above tabulated results
decision tree shows the performance of 100% accuracy and
with 0% root mean square error.

Accuracy Rate

Al
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Algorithm

Fig. 3. Comparison results of Accuracy

Comparison results of accuracy obtained by the
classification algorithms are visualization in bar graph and
shown in Fig. 2. As per the bar graph we can visualize
Decision tree algorithm gives the highest accuracy percentage
in comparison with other algorithms.
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Fig. 4. Comparison results of error rate

Comparison results of Root Mean Square error in Fig. 4
clearly shows the obtained classification algorithm errors
which are visualization in bar graph. As per the bar graph
Decision tree algorithm gives the least error percentage in
comparison with other algorithms.

VIII. CONCLUSION

In this study Naive Bayes classifier, K-Nearest Neighbor,
Bagging, Decision support system and Random forest
classifiers are used to predict kidney disease. Implementation
work was conducted in Python. Initially, in the pre-processing
stage, transformation and missing value evaluation was done
and later applied in the classification algorithms. Results were
obtained, from the observation which shows, 100% accuracy
rate when implemented in Decision tree algorithm and very
less root mean square error. Future research should be done
using primary dataset and rule based induction to be
implemented to calculate the severity of the disease.
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