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Abstract: The proliferation of data and availability of open source tools has simplified the diagnosis of diseases
such as CKD (Chronic Kidney Disease). As one of the types of kidney disease which results in malfunctioning of
kidney, it is paramount to effectively diagnose such diseases to prevent degeneration of vital organs in the body.
Despite the advancements in the field of medical imaging, there exists no permanent cure for CKD, but the risk
can be mitigated to a larger extent if detected at the early stage. This paper proposes a hybrid approach to early
detection of chronic kidney disease by using Naive Bayes classifier and eGFR (estimated Glomerular Filtration
Rate). Naive Bayes which works on the principle of conditional probability was used to predict whether a patient
has CKD or not based on clinical symptoms, and the stage was determined using the eGFR formula. Results
were promising as the model was able to predict the prevalence of CKD as well as the stage in which the patient
was in. Although we were able to develop a web-based application using machine learning algorithms to aid in the
diagnosis of CKD by serving as a “self-diagnostic” tool for medical practitioners, improvements could be made to
ensure that the model works according to established ground truth by nephrologists.
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1 . Introduction million population has CKD and the incidence of end stage
renal disease is around 150-200 thousand, thus it is difficult
to state categorically the number of persons affected with
CKD. Despite that automation has taken over almost all
aspects of medicine, there exists manual treatments and
diagnoses of CKD by specialist doctors. So, in order to
overcome these challenges we have proposed a system that
predicts whether a person is suffering from CKD or
otherwise using one of the popular machine learning
classification algorithm, i.e. Naive Bayes algorithm which is

CKD (Chronic Kidney Disease) refers to gradual
kidney damage that makes it difficult to filter blood the way
they should. According to a recent survey, 10% of the
world’s population suffer and die due to chronic kidney
disease and several millions die each year because doctors
are unable to diagnose the disease at the later stages. In India
for example, it is estimated that around 800 thousand in a
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supported by predicting the stage using Estimated
Glomerular Filtration Rate (EGFR) formula and the proposed
system aimed to reduce the time taken to diagnose the
prevalence of CKD in patients which subsequently reduces
the risk of people entering into End Stage Renal Disease
(ESRD) failure. To ensure consistencies in the prediction
accuracy, few specialist doctors were contacted and
following objectives were agreed upon:

Objectives:

e To survey existing approaches to the diagnosis of
CKD in patients above 60 years of age.

e To design a methodology to compute eGFR and
compare it with preliminary works carried out by
other scholars.

e To develop a web-based portal that will serve as a
clinical decision support system.

The paper is organized as follows; Section | contains the
introduction of the proposed approach, Section Il contains
work related to the diagnosis of chronic diseases using
machine learning approaches,  Section Il contain the
methodology and relevant figures, Section IV contain the
result and discussion and section V concludes the research
work with future directions.

2. Related Work

Several researches have been carried out in tandem
with medical practitioners to the early diagnosis of diseases
using clinical symptoms and most of them are found in the
literature below:-

Hanyu Zhang et al. [1] investigated the
performance of Artificial Neural Network (ANN) model
while applying the survival expectations on CKD patients.
The authors also discussed that the middle endurance time of
conclusive stage patients was around 3 years. To aid provide
a solution to early diagnosis, the author used two artificial
neural network, one of which was a classical Multi-Layer
Perceptrons, while the other an integrated LASSO feature
selection. Reem A. Alassaf et al. [2] proposed a solution
using data mining and supervised machine learning
approaches such as ANN, KNN and SVM. The use of
recursive feat elimination for feature selection backed up by
correlation coefficient was used in selecting appropriate
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features for the model and it turns out that ANN, SVM and
Naive Bays achieved a testing accuracy of 98% as against
KNN which has a precision of 93.9%. Tahira Mahboob et al.
[3] proposed a clustering algorithms such as KNN, K-Means
and K-Medoids to predict the missing values. To predict the
performance of the proposed approach, decision tree and
random forest algorithm was used. The results show that the
accuracy of KNN and decision tree was 86.67%, and 75.25%
for random forest algorithm.

In a similar paper, Dilip Singh Sisodia et al., [4]
studied the performance of individual and ensemble learners
on CKD patients’ dataset sourced from UCI machine
learning repository. They evaluated the performance using
recall, accuracy, precision values as metrics for comparing
performances using the freely available data mining software
called WEKA and concluded that selected methods were
more accurate to predict the disease.

Veenita Kunwar et al., [5] used ANN and Naive
Bayes in which the former achieved an accuracy of 72.7%
and the later an accuracy of 100%. However, the author
failed to investigate if the model was overfitted as less
number of datasets were used and these were implemented in
readily available online tool called Rapid Miner.

Helmie Arif Wibawa et al., [6] proposed a novel
approach to CKD prediction using kernel-based extreme
learning machine (ELM). Subsequently, other methods such
as Linear-ELM, Polynomial-ELM and RBF-ELM were also
employed in the study in which results showed that the
sensitivity and specificity were 99.38% and 100%
respectively, which was indeed a great achievement.

Guneet Kaur et al., [7] used data mining classifiers
to predict if the person was suffering from chronic kidney
disease. The two techniques used were KNN (K-Nearest
Neighbour) and SVM (Support vector Machines). Analysis
showed that SVM gave around 78.1% as compared to KNN
which was only 70%, the author further compared both
accuracies on select datasets and it turned out that the total
error was lesser in SVM as compared to KNN, again
validated that SVM was a better classifier.

Gunaranthe W.H.S.D et al., [8] carried out a work
to predict the patient’s status of CKD using the dataset
downloaded from UCI repository. The records were trained
on various multiclass decision forest algorithm and an
accuracy of 99.1% was obtained after the features were
reduced to 14 attributes, thus led to the conclusion that the
multiclass decision forest algorithm was best because of
higher accuracy.
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M.P.N.M Wickramasinghe et al., [9] investigated
factors that led to CKD in patients by considering the level
of potassium in their blood using machine learning
techniques. Their aim was to develop a healthy and suitable
diet plan for CKD patients using machine learning
classification algorithms such as multiclass decision jungle,
multiclass decision forest, multiclass neural network and
multiclass logistic regression and the results obtained
showed that multiclass decision forest algorithm returned the
highest accuracy of 99.17%.

Devika R et al., [10] investigated CKD prediction
using Naive Bayes and KNN. Although the performance of
random forest classifier was better than Naive Bayes and
KNN, the authors opined that new classifiers should be used
as in the case of destiny paintings to arrive at higher
solutions.

Anusorn Charleonnan et al., [11] applied different
machine learning algorithms such as SVM, logistic
regression and decision tree classifier to the diagnosis of
CKD. Experimental results showed that SVM was the best
classifier for predicting Chronic Kidney Disease. Lambodar
Jena et al., [12] explored another technique to predict disease
accuracy using Naive Bayes and multilayer perception
algorithms. Analysis was done using WEKA; an open-
source data mining tool developed by the University of
Waikato in New Zealand. Engin AVCI et al., [13] in their
work used the CKD dataset from UCI repository and applied
Naive Bayes, K-Star, Support Vector Machine and J48
classifiers. The performance was measured by the values of
accuracy and precision. After all the comparisons were done,
a conclusion that J48 algorithm gave the highest accuracy
among all was drawn.

Anonnya Banerjee et al.[14], carried a research in
which food was recommended for CKD patients using
machine leaning techniques. Their author had identified five
stages, ranging from stage O to stage 5. If a person was found
to be below stage 2, there is a lower risk of the kidney being
completely damaged. Based on the stages, respective food
was recommended and analysis was done again using
WEKA software.

Arif-Ul-Islam et al., [15] used Boosting classifiers
such as Ada Boost and Logit Boost, and implemented the
same in Ant Miner. The research was from a two-fold
perspective: firstly, breaking down the exhibition of boosting
calculations for distinguishing CKD and secondly,
determining rules outlining relationship among the
characteristics of CKD. The general results showed that Ada
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Boost performance was less as compared to Logit Boost by a
fraction.

Bilal Khan et al., [16] in their work on empirical
evaluation of CKD proposed numerous procedures and
models. They utilized experiential examination of machine
learning techniques for arranging the kidney patient datasets
as CKD or none CKD. The authors then applied several
machine learning techniques such as Naive Bayes, J48, SVM
and Composite Hypercube on Iterated Random Projection
(CHIRP). The result was promising as it showed that CHIRP
performed well in reducing error rates and improved
accuracy. Another work that mirrors how machine learning
can be applied in diagnosis of heart disease was investigated
by Victor Agughasi et al., [17] in which clinical symptoms
from patients dataset was used in the diagnosis of chronic
heart failure. The author implemented the same using K-
Means and Naive Bayes classifiers and it turned out that
Naive Bayes classifier gave a better accuracy of 90% as
compared to K-Means.

It can be observed that numerous research work has
been done using Naive Bayes and other machine learning
algorithms based on open source tools. However, most
medical practitioners would prefer a personalized decision
support system that is tailored towards the needs of the
patients and that formed the backbone of our proposed work.

3. Methodology

The process starts by getting the dataset from UCI
machine learning repository, followed by feature selection
and finally the application of selected supervised machine
learning approaches. This can be explained better in a block
diagram:
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4. Results and Discussion

The dataset used in this study was obtained from the
UCI repository
(https://archive.ics.uci.edu/ml/datasets/chronic_kidn

ey disease) containing around 400 instances and 25
attributes (with the 25" column being the predictor class),
and analysis was done using Naive Bayes (NB) algorithm
supported by stage prediction using eGFR. The following
information is given about the classifier: As a classification
technique based on Bayes’ Theorem with an assumption of
independence among predictors, Naive Bayes classifier
assumes that the presence of a particular feature in a class is
unrelated to the presence of any other feature and owing to
its simplicity, it is known to outperform even the most
sophisticated classification methods. According to the
equation below:

P(X|S;) * P(Sy)

PGS = =305 ()
Where:
P(S;|X) = The probability of occurrence of the event, Si

when event X occurs

P(X|S;) = The probability of occurrence of the event, X
when the event Si occurs.

P(S;),P(X) = The prior probability of events Si and X
respectively.

Furhermore, the estimated Glomerular Filtrate Rate (eGFR)
was calculated using the formula:

Creatine
88.4

—-1.154
186 ( ) « (Age)~02%3 x (0.742 if female) *

(1.210 if black) )

The above equation is commonly used by nephrologists in
local clinical laboratories, however, another useful formula

employed in the project is as shown beow:

Weight = Weight of the individual in kg

For instance, the eGFR value for a male of 57 years, PCr
value of 3.36 was approximately 19 as shown in Figure 2. It
is worthy to mention that other authors have considered
“race” as a determining factor in which the value changes
from 19 to 24 for black races. Confusion matrix was used to
validate the performance of the system by computing the
accuracy, precision, sensitivity and F-Score:

Table I: Confussion Matrix

Predicted
Yes No
Actual Yes TP FN TP+ FN
No FP TN FP+TN
Total TP+FP | FN+ TN

Table I1: Naive Bayes Confussion Matrix

Predicted
CKD NonCKD
Actual CKD 346 10
NonCKD 22 22
Total 368 32

a) The accuracy of the model shows the total classification

ratio and calculated using the formula below:

A =
Ceuracy = Tp fFP+ TN + FN

TP+TN

346 + 22

T346+22+22+10 400

b) Precision determined the positive features of the whole

368

=092 =>92%

classification algorithm, and expressed as:

TP

346

=—==0.94 =>94%

Precision = W = 368

¢) Sensitivity (also known as recall), refers to correctly

eGFR = (140 — age) * weight(kg) (iid) classified positive and falsely classified negative values, viz:
72%P¢y
Where: Sensitivity = —— = —>2°_ =3% _ 997 => 979
TP+FN 346+10 356
Pcr = The creatinine level in mg/dl
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d) F-Measure was used to calculate the weighted average of

both the sensitivity and precision as shown below:

F — Measure =

2 * Sensitivity * Precision

Sensitivity + Precision

2%097x094 1824
T 097+ 094

T 191

=0.95=>95%

TABLE Il1: Summary of the Performance Metrics used

Doctor Menu New Patients Dataset!!!

View Testing Dataset

e e ey
C— pE e

Algorithm Performance Measures
Used Accuracy | Precisio | Sensitivit | F-Measure Figure 2: Test Dataset with prominent features
n y
Naive 92% 94% 97% 95% After the doctor validates the dataset and clicks on “Predict”
Bayes button, the model then predicts the presence or absence of

CKD, followed by the stage prediction using eGFR.
Furthermore, a web-based application was developed to
facilitate model deployment as shown below: is

CKD Prediction

Using ML Techniqu:

Output: YES

Stage Prediction

Welcome to CKD Prediction

I

Figure 1: Homepage of the application

Visitor Menu

Figure 3: Doctors Prediction

CKD Prediction

Account signout

Using ML Techiques

The dataset was split into training and testing data which is Doctor Menu  ‘Stage Detsctioniil
visible to the doctor to ensure inconsistencies were reduced
to the barest minimum ¥

Male

3.36

GFR:
19.2159245326239
Predict Stage

Output: Staged

Food Recommendation: Staged patients should follow these;
1. Decreasing saturated fats to help lower cholesterol

2. Lowering sodium for people with hypertension or fuild retention by cutting out processed
and pre-packaged foods.

3. Limiting calcium if blood levels are too high

Figure 4: Stage Prediction
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Finally, appropriate treatment details would be presented to
the patient with the help of the model.

Doctor Menu Upload Treatment Details!!!

umaliappe

Submat

View Treatment Details

e e N

Figure 5: Recommendation

5. Conclusion and Future Scope

This paper proposed a method for predicting
whether a patient is suffering from CKD or not using Naive
Bayes algorithm with an accuracy of 92%. An attempt was
made at predicting the stage in which the patient is suffering
from, using the eGFR method with greater accuracy. The
result was promising as it will help doctors in predicting the
stage in which the patient is suffering, with the option to
recommend foods that should be taken, and which should be
avoided if need be.

As with every medical research, the application has
to be further enhanced based on the ground truth
recommended by leading medical practitioners to ensure that
our application worked as intended and detailed study of
other ensemble methods will be investigated further to
improve the overall accuracy of the system.
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