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Prediction of Diabetes using Machine Learning
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Abstract— Classifying a dataset has always been a
computational method. This paper represents the
classification of female Pima Indians patients who were
diagnosed for diabetes type-I1. It comprises of 768 records of
medical details of the patients. It provides measurements of
Pregnancies, Glucose, Blood Pressure, Skin Thickness,
Insulin, BMI, Diabetes Pedigree Function, Age and finally
the outcome in binary if the patient has encountered diabetes
or not. We train the system using various classifiers to
classify patients into positive and negative classes and then
differentiate the classification in accuracy with and without
data pre-processing.
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I. INTRODUCTION

Classification is a process of categorizing something. It is a
process in which ideas and objects are recognized, understood
and then differentiated. Classification is used in every field
because classifying a data according to its value and
similarity will help for resolving the risk assessment process
ahead of time. In this paper, classification of the diabetic
dataset by using the various Machine Learning Algorithms is
done. We will be classifying the patients into two groups,
‘diabetic’ and ’non-diabetic’.

Il. LITERATURE SURVEY

Rincy Jose, Varghese S. Chooralil [1] proposed a model for
election results using sentiment analysis on twitter dataset.
This paper uses an approach that automatically classifies the
sentiment of tweets by combining machine learning
classifiers with lexicon based classifier. The new
combination of classifiers are SentiWordNet classifier, Naive
Bayes Classifier and hidden markov model classifier.
Positive and negative tweets impacts are classified using the
majority voting principle on the result of these three
classifiers. This combined with ensemble approach gives an
improved accuracy.

M. D. Jagtap [2] proposed a drug recommendation
system for chronic diseases. The system not only looks for
social information from product manufacturers or service
providers but also check for partial opinions from customers.
Dataset holds different medication attributes collected from
audits and blogs. Analyzing result of recommendation system
by applying POST (POST: part of speech tagging is assigning
one of the parts of speech in given word. it includes noun,
verb, adjective, adverb, pronoun and conjunction), frequent
noun, and noun phrases is executed. Then mine the corrected
aspect from observed aspects. The methods used: aspect
mining, opinion mining, text mining, topic modeling,
probabilistic aspect mining model (PAMM), POST (part of
speech tagging).

P. Prakash [3] proposed a system, clinical decision
support system for heart disease. This system takes patient’s
physical conditions as input, and then compares the data
provided by doctor and gets the result through CBR

techniques. CBR algorithms, acts like a developing solutions
to unsolved problems based on pre-existing solutions of a
similar nature which uses methods like case-based reasoning,
case-based Recommendation (CBR), image processing,
knowledge base, neural network, retain, reuse, retrieve, and
revise. CBR has four phases retrieve and reuse system uses,
manual phases like revise and retain and the proposed system
used only two methods retrieve and reuse. It also accepts 2D
images like EEG, ECG and cardio graphic as input. This
system analyses the result and concludes the assessment, and
help to reduce human errors.

Jayashree, D. [4] the proposed system is an music
recommendation system which differs from general
recommended system. This recommendation system uses the
rating, artist, likes and titles as attributes which are then
represented in the form of vector parameters. This proposed
system uses a specially designed FFT algorithm.

Yuta Kaneko, Katsutoshi Yada [5] proposed a Deep
Learning Approach for the Prediction of Retail Store Sales.
This study presents three years' worth of point-of-sale (POS)
data from a retail store to construct a sales prediction model
that, given the sales of a particular day, predicts the changes
in sales on the following day with an accuracy of 86%.

Yi Zuo, Katsutoshi Yada, A.B.M. Shawkat Ali [6]
proposed a model for Prediction of Consumer Purchasing in
a Grocery Store that uses Machine Learning Techniques. This
type of machine learning approach helps create customer
segmentation model. This paper employs two representative
machine learning methods: Bayes classifier and support
vector machine (SVM) and investigates the performance of
them with the data in the real world.

Naresh Khuriwal, Nidhi Mishra [7] proposed an
adaptive ensemble voting method for diagnosed breast cancer
using Wisconsin Breast Cancer database. This paper explains
and compares how ANN and logistic algorithm provide better
solution when its work with ensemble machine learning
algorithms for diagnosing breast cancer even the variables are
reduced. This approach has helped them achieve an accuracy
of 98.50%

I1l. PROBLEM DEFINITION

In the proposed work, a dataset of female Pima Indian
patients is collected. This dataset comprises of 768 records of
medical details of the patients. The record describes the
measurements of Pregnancies, Glucose, Blood Pressure, etc.
The last attribute represents the class of diabetic patient as 0
or 1. Each record has a value of attribute of 0 or 1 representing
non-diabetic or diabetic respectively.

l\?d Attributes Description Values
. Pregnancies - Number
1 Pregnancies . Integer
of times pregnant
Glucose - Plasma
9 Glucose glucose concentration Integer
a2 hoursin an oral
glucose tolerance test
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Blood Blpod P_ressure -
3 Diastolic blood Integer
Pressure
pressure (mm Hg)
Skin Sk.in Thiclfness -
4 : Triceps skin fold Integer
Thickness -
thickness (mm)
5 Insulin Insulin - 2-Hour serum Integer
insulin (mu U/ml)
BMI - Body mass
6 BMI index (weight in Decimal
kg/(height in m)*2)
Diabetes Diabetes Pedigree
7 Pedigree Function - Diabetes Decimal
Function pedigree function
8 Age Age - Age (years) Integer
Outcome - Class
variable (0 or 1) class
9 Outcome value 1 is interpreted Oorl
as "tested positive for
diabetes

Fig. 1: Diabetes Dataset Attributes & Description

IV. THEORY

Firstly, we apply the Naive Bayes classifier and SVM’s SVC
classifier on the entire dataset and train our model. Secondly,
we also apply the Voting Ensemble from ensembles family
and determine-the accuracy.- The accuracy obtained by this
process will then be compared by the accuracy obtained after
cleansing the data. Cleansing the dataset in Machine Learning
is the process of removing those attributes that deliver no
crucial information. These attributes also affect the
performance of your model. This process is also called as data
preprocessing. Data preprocessing is mainly used for convert
raw data into a structured and accurate format that will be
more effectively processed for the purpose of user.in pre-
processing the yes/no values and NA values are converted
into 0 and 1.

A. Naive Bayes Classifier

The Naive Bayesian classifier is based on Bayes’ theorem
with independence of assumptions between predictors. Naive
Bayes classifier assumes that the presence of a particular
feature in a class is unrelated to the presence of any other
feature. For example, a fruit may be considered to be an apple
if itis red, round, and about 3 inches in diameter. Even if these
features depend on each other or upon the existence of the
other features, all of these properties independently
contribute to the probability that this fruit is an apple and that
is why it is known as ‘Naive’ [8]. The Bayes theorem for
finding posterior probability is:
DA | B) = PBIAPA)
P(B)

— P(AIB) is the posterior probability of class (target) given

predictor (attribute).
— P(A) is the prior probability of class.
— P(BJA) is the likelihood which is the probability of

predictor given class.
— P(B) is the prior probability of predictor.

B. Support Vector Classifier (SVC)

Support Vector Machine (SVM) is the most powerful
algorithm till date. The classification is done by Support
Vector Classifier (SVC). Among the new measurement, it
looks for the straight ideal isolating hyperplane (i.e., “"choice
limit"). With a proper nonlinear mapping to a satisfactorily
high measurement, information from two classes can be
divided by a hyperplane. The SVM discovers this utilizing
bolster vectors (“fundamental” preparing tuples) and edges
(characterized by the help vectors) [9]

C. Voting Ensemble Classifier

Voting is one of the simplest ways of combining the
predictions from multiple machine learning algorithms. It
works by first creating two or more standalone models from
your training dataset. A Voting Classifier can then be used to
wrap your models and average the predictions of the sub-
models when asked to make predictions for new data.

Now the question is that how can the model find the
majority vote between only two models? Assuming you have
two classes Class-A and Class-B, Gaussian Naive Bayes has
an inbuilt predict_proba() method and SVC with probability
set to True, both are able to compute probabilities of possible
outcomes for samples in class i.e. they predict if input
is class-A with probability a and class-B with probability b.
If a>b then it outputs predicted class is A or B. In a voting
classifier setting the voting parameter to soft enables them
(SVM and GaussianNB) to calculate their probabilities (also
known as confidence score) individually and present it to the
voting classifier, then the voting classifier averages them and
outputs the class with the highest probability [10].

D. Random Forest Classifier

Random Forest Classifier creates a set of decision trees from
the randomly selected training subset of the dataset. In
Layman’s term, Suppose training set is given as: [Al, A2, A3,
A4] with corresponding labels as [Z1, Z2, Z3, Z4], random
forest classifier will create three Decision Trees (DT) taking
input of subset for example,

[Al, A2, A3]

[Al, A2, Ad]

[A2, A3, Ad]

So finally, it predicts based on the majority of votes
from each of the decision trees made. This works well because
a single decision tree may be prone to a noise, but aggregate
of many decision trees reduce the effect of noise giving more
accurate results [11].

V. METHODOLOGY

Implementation of the different classifiers on the raw dataset:

1) Step 1: We load our diabetes data set which is in.CSV
format. We use panda’s library and jupyter environment
for this purpose.

dataset = pd.read_csv("diabetes.csv")

print(dataset.shape)
print(dataset.columns)

(768, 9)

2) Step 2: We split the raw data into Features and Target
dataset. Target dataset will include the Outcomes of the
patients.
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Features, Target = dataset.drop(['Outcome'],axis=1), dataset['Outcome’]

print(Features.head())

Glucose SkinThi Insulin BMI DiabetesPedigreeH
0 6 148 72 35 0 3386
1 1 85 66 29 0 266
2 8 183 64 0 0 233
3 1 89 66 23 94 281
4 0 137 40 35 168 431

print(Target.head())
1

WNR e

2]

1

2]
4 1
Name: Outcome, dtype: int64
3) Step 3: We then Split the dataset into training and test
data set using the cross_validation method of sklearn
library. We split the dataset into four i.e. Features_train,
Features_test, Target_train, Target_test. Here
Feature_train and Target_train comprise of 70% of the
dataset and Feature_test, Target test comprises of the
remaining 30% of the dataset. We can alter this ratio
using the test_size parameter in the below command.

$ Features train, Features test,

Target train, Target test=
cross_validation train_test_split(Feature
s , Target, test size=0.3,

random state=42)

4) Step 4: We then train the model using the sklearn
library’s Gaussian Naive Bayes, SVC, Random Forest,
and Voting Classifier without data pre-processing:

A. Gaussian Naive Bayes

from sklearn.naive_bayes import GaussianNhB

Gaussianclf = GaussianNB()
Gaussianclf.fit(Features_train,Target_train)

pred = Gaussianclf.predict(Features_test)
print(round((accuracy_score(Target_test,pred)*100),2),'%")

74.46 %

We can see that we were able to obtain an accuracy of 74.46%
of accuracy on Gaussian Naive Bayes.
1) svC

from sklearn.svm import SVC

SVMclf = SVC(kernel = 'linear')
SVMclf.fit(Features_train,Target_train)

pred = SVMclf.predict(Features_test)
print(round((accuracy_score(Target_test,pred)*10@),2), '%")

74.486 &

Performance on Support Vector classifier is achieved at
74.46% accuracy similar to GaussianNB accuracy with
kernel set as ‘linear’.
2) Random Forest

from sklearn.ensemble import RandomForestClassifier

RFclf = RandomForestClassifier(criterion="entropy’)
RFclf.fit(Features_train,Target_train)

pred = RFclf.predict(Features_test)
print{round(({accuracy_score(Target_test,pred)*i8@),2), '%")

76.62 %

Performance on Random Forest classifier is achieved at
76.62% of accuracy which is by far the highest.

3) Voting Ensemble

from sklearn.ensemble import VotingClassifier
estimators = []

model1 = Sve()

estimators.append(('SVC', modell))

model2 = GaussianNe()
estimators.append(('GaussianNB’, model2))

# create the ensemble model

ensemble = VotingClassifier(estimators)
ensemble.fit(Features_train,Target_train)
print(ensemble.predict(Features_test))

results = model_selection.cross_val_score(ensemble, Features, Target, cv=kfold)
print('Accuracy in VotingClassifier: *, round((accuracy score(Target_test,pred)*iee),2),'%")
print(results.mean())
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Accuracy in VotingClassifier: 73.16 %
©.65102529@4989747

We can see that we were able to obtain an accuracy of 73.16%

of accuracy in Voting Classifier.

5) Step 5: We now pre-process the data in which we remove
the missing fields in the dataset using the following
command:

6) Step 6: Lastly increase the test size parameter to 0.4.
Now our Feature_train and Target_train comprises of
60% of the dataset and Feature test, Target test
comprises of the remaining 40% of the dataset.

§ dataset =
DataFrame[(DataFrame.SkinThickness >
0) & (DataFrame.BloodPressure > 0) &
(DataFrame.Insulin > 0)]

§ Features train, Features_test,

Target train, Target test =
cross_validation train_test split(Features
, Target, test size=0.4,
random_state=42)

Implementation of Naive Bayes Classifier after data pre-
processing:

B. Gaussian Naive Bayes

from sklearn.naive_bayes import GaussianNB

Gaussianclf = GaussianNB()
Gaussianclf.fit(Features_train,Target_train)

pred = Gaussianclf.predict(Features_test)
print{round({accuracy_score(Target_test,pred)*lee),2),'%")

78.48 %

Accuracy achieved through Gaussian Naive Bayes Classifier
is 78.48% after Cleansing as compared to 74.46% before
Cleansing.

1) svC

from sklearn.svm import SVC

SwMclf = SvC(kernel = 'linear’')
SWMclf.fit(Features_train,Target_train)

pred = SWMclf.predict(Features_test)
print('Accuracy in SVC: ",round((accuracy_score(Target_test,pred)*18@),2),'%")

Accuracy in SVC: 81.81 %
Accuracy achieved through Support Vector Classifier is
81.01% after Cleansing as compared to 74.46% before
Cleansing.
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2) Random Forest Classifier

from sklearn.ensemble import RandomForestClassifier

RFc1f = RandomForestClassifier(criterion="entropy’)

REC1f.fit(Features_train,Target_train)

pred = RFclf.predict(Features_test)

print( Accuracy in RandomForestClassifier: °,round((accuracy_score(Target_test,pred)*1ee),2),'%')

Accuracy in RandomForestClassifier: s80.28 ¥

Accuracy achieved through Random Forest Classifier is
80.38% after Cleansing as compared to 73.16% before
Cleansing.

3) Voting Ensemble

from sklearn.ensemble import VotingClassifier
estimators = []

modell = SVC()

estimators.append(('SVC’, modell))

model2 = GaussianNB()
estimators.append(('Gaussianis’, model2))

# create the ensemble maodel
ensemble = VotingClassifier(estimators)

ensemble.fit(Features_train,Target_train)
print(ensemble.predict(Features_test))

results = model_selection.cross_val_score(ensemble, Features, Target, cv=kfold)
print(’Accuracy in VotingClassifier: ',round((accuracy_score(Target_test,pred)*108),2),'%")
print(results.mean())
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Accuracy in VotingClassifier: 76.58 %

8.67064108256410257

As seen from the execution above, the Voting Classifier
outputs an accuracy of 76.58%

VI. CONCLUSION

In this paper we reported the performance achieved using
different classifiers to classify dataset of diabetic females of
Pima Indians genre. We present the difference of
classification in‘accuracy with and without using the missing
values. We first train our model without treating the missing
values and find the accuracy of each. And then retrain the
classifiers again after treating the undesired data and compare
the accuracies in both the cases. From comparing these two
results we conclude that the pre-processing of data plays a
crucial role in determining the accuracy of the model. Also it
is important to note that voting ensemble is just a small
example. The majority rule voting approach might not always
work so well in practice, especially if the ensemble consists
of more “weak” than “strong” classification models. The
quality of your classifier is efficient when the quality of the
data provided is efficient

VIl. FUTURE WORK

In future work, this result can be used for building drug
recommendation  system where dataset of people
encountering particular traits can be collected, for diabetic
mellitus or many other genetic occurrences. Here the dataset
consisted only 769 records, in future we can also increase the
content of the dataset. Increased data will give an improved
accuracy.
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