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Abstract:  

Introduction: Diabetes mellitus is an enduring condition characterized by raised blood glucose 

levels and has become a significant global health concern. Early and accurate diagnosis is 

crucial and that can help to prevent or delay of problems like cardiovascular diseases, kidney 

complications, nerve impairment, and vision diminishing due to diabetes. Diabetes is a chronic 

metabolic disorder that affects millions of people worldwide, leading to severe health 

complications if not diagnosed and managed in its early stages. Early prediction of diabetes is 

crucial for timely intervention and personalized treatment, reducing the risk of long-term 

complications. Traditional diagnostic approaches rely on clinical tests, which may not always 

be efficient in identifying high-risk individuals before the onset of the disease. 

With advancements in artificial intelligence (AI) and machine learning (ML), predictive 

models have gained prominence in healthcare applications, offering improved accuracy and 

efficiency in disease diagnosis. However, the performance of these models heavily depends on 

the quality of input features, data preprocessing techniques, and hyperparameter tuning 

strategies. 

Objectives: The main objective of this Research work is to predict diabetes at an early stage 

so that any severe complications may avoid. 

Methods: The most significant and robust features of the dataset are chosen using the attribute 

selection tool and correlation attribute estimation method by using the WEKA software tool. 

Then, features form the dataset are scaled using the standardization feature scaling technique 

and different ML classification algorithms such as LR, KNN, Naïve Bayes, Support Vector 

Machine, Decision Tree and Random Forest are used for experimenting with the above 

machine algorithm on the PIMA Indian diabetes dataset in PythonIn the preprocessing method, 

identification and removal of null and duplicate values have been replaced with the mean 

values.  

Results:  By applying six different machine learning algorithms on PIMA Indian diabetes 

Dataset have shown that the K-Nearest Neighbor and Naïve Bayes both classifiers reported the 

maximum prediction accuracy of 81.82%, followed by LR, SVM, and RF with accuracies of 

79.87%, 79.22%, and 77.27% respectively. 

Conclusions: By appropriate feature Selection and by hyperparameter tunning increase the 

diabetes prediction accuracy at an early stage. 

Keywords: Diabetes Prediction, Feature Selection, Features Scaling, Hyper Parameter Tuning, 

Machine Learning Algorithms. 
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1. Introduction 

Diabetes Mellitus or simply diabetes is one of the most widespread diseases in the world with the high 

mortality rate. Approximately 830 million people global have diabetes disease, with the majority living 
in the low and middle-income countries [1], [2]. Each year, diabetes is directly responsible for the 

millions of deaths worldwide. As per the International Diabetes Federation (IDF) projections indicates 

a concerning growth in the diabetes and approximately 1 in 8 adults will be living with diabetes by 

2045 [3]. Diabetes is the condition considered by unusually maximum level of glucose in the blood 

because human body does not properly process the food for making energy. Diabetic human body does 

not produce enough amount of insulin from the pancreas and therefore glucose cannot be converted 

into energy. The general symptoms of diabetes are recurrent urination, weight loss, rise in thirst, 

growth in hunger, slowly recovery of injuries and dizziness etc. [4], [5]. If diabetes is not undergone 

proper treatments then it effects on other part of human body such as cardiovascular disease i.e. heart 

attacks, kidney diseases, blindness, nerve impairment etc. [6]. Hence, initial-stage diagnosis of diabetes 

is essential, as several cases become severe due to the delayed detection and medical treatments. Now 

a day, machine learning algorithm based approaches have gained prominence for their effectiveness in 

early prediction of diabetes. Therefore, machine learning algorithms are mostly used recently for early 

prediction of diabetes so that treatments can be taken quickly and avoid further complications. The 

proposed research work methodology for early prediction of the diabetes disease using different 

machine learning algorithms with feature selection, feature scaling and hyper parameter tuning 

techniques on the Indian diabetes PIMA dataset. The main contributions of this proposed methodology 

are: (i) select the robust and significant feature from the diabetes dataset using attribute selection tool 

and correlation attribute estimation method in the WEKA. (ii) Apply the standard scalar features 

scaling techniques for scaling the significant features (iii) Then, different machine learning algorithms 

with hyper parameter tuning techniques are used for classification of the diabetes dataset and 

improving the diabetes forecast results. The performance of the proposed methodology is verified 

using perdition accuracy percentage, confusion matrix, precision, recall, and F1 score measures.  

 

2. Objectives 

The primary objectives of this study are as follows: 

1. Develop an Early Prediction Model for Diabetes – Utilize machine learning techniques to 

create an efficient and accurate model for the early detection of diabetes. 

2. Implement Feature Selection Techniques – Identify the most relevant features that contribute 

to diabetes prediction, reducing computational complexity and improving model interpretability. 

3. Apply Data Scaling Methods – Standardize and normalize data to enhance model 

performance by ensuring consistent feature contribution and reducing biases. 

4. Optimize Model Performance Using Hyperparameter Tuning – Fine-tune machine 

learning algorithms to achieve the best predictive accuracy and generalization. 

5. Compare Machine Learning Algorithms – To determine the most effective approach, 

evaluate and compare different ML models, such as Decision Trees, Support Vector Machines, 

Random Forest, and Deep Learning models. 

6. Enhance Predictive Accuracy and Efficiency – Improve the overall performance of diabetes 

prediction models by integrating advanced data preprocessing and optimization techniques. 
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3. Methods 

In the proposed research work, a machine learning approach is developed with different preprocessing 

techniques for significant feature selection, features scaling and hyper parameter tuning method for 

improving classifier performance. The significant features from the dataset play an important role in 

the accurate prediction of the diabetes disease. Therefore, most significant features from the database 

are selected using attribute selection tool and correlation attribute estimation method in the WEKA 

software tool. Then, selected significant features form the database are scaled using standardization 

feature scaling technique. Lastly, the different ML algorithms such as LR, KNN, NB, SVM, DT and 

RF algorithms and hyper parameter tuning technique are    used for classification of dataset into 

diabetes classes. The Python Jupiter Notebook is used for implementing the code of classification 

algorithms of proposed method. Overall work flow of the proposed research ML model using 

preprocessing, feature selection, feature Scaling, hyperparameter tuning  method is shown in the 

following Figure-1. 

 

Figure 1. Proposed machine learning model for diabetes prediction 

a. Data Set selection 

The proposed approach using machine learning algorithms utilizes the PIMA Indian diabetes dataset, 

obtained from UCI Machine Learning Repository [22]. This dataset contains 768 records, including 

268 individuals detected with diabetes and 500 with no diabetes condition. There are nine attributes 

available for every individual related to their health such as Pregnancy, BMI, Insulin level, Age, Blood 

pressure, Skin thickness, Glucose, Diabetes pedigree function, and Outcome. The "Outcome" attribute 

has two values: "0" for non-diabetes and "1" for diabetes. The following Table 1 shows the feature 

from the diabetes dataset. 

Table 1.  PIMA Indian diabetes data set with all nine features 

 
Sr. 
No. 

Feature/Attribute Data Type Description 

1 Pregnancies Integer Number of times pregnancies 

2 Glucose   Integer Glucose level in Blood 

3 Blood Pressure   Integer Diastolic blood pressure measurement 
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4 Skin Thickness   Integer Triceps skin thickness 

5 Insulin   Integer 2 Hour Serum Insulin level in blood 

6 BMI Float Body Mass Index 

7 Diabetes Pedigree 
Function 

Float Diabetes percentage 

8 Age Integer Patients Age 

9 Outcome Integer Class 0-for Negative, 1-for Positive 
 

b. Pre-Processing 

The pre-processing techniques play a vital job in transforming dataset into different forms for better 

prediction accuracy in the diabetes forecast using different classification algorithms.  Following task 

are achieved in the pre-processing of the PIMA diabetes set of data for the proposed research work. 

 
i.Replacing Duplicate and Null Values 

The duplicate and null values from the diabetes dataset are initially identified and replaced with the 

mean values in the Python using the functions available for the entire dataset. 

 
ii. Feature Selection 

The Pearson’s correlation matrix and WEKA software tool is been used for the significant feature 

selection from the diabetes dataset. The correlation coefficient is considered in the proposed model 

that relates with input and output features. By applying feature selection technique on dataset, three 

features i.e. Skin Thickness, BMI, and Diabetes Pedigree Function are cancelled by checking its values 

in the correlation matrix table. Following Figure 2(a) and Figure 2(b) shows the correlation matrix 

before and after feature selection. In WEKA software, correlation filter was applied to determine 

coefficient correlation between all the attributes, with the results displayed in Table 2. A cut-off value 

of 2 was used to identify relevant features, leading to exclusion of three features from the dataset: Skin 

Thickness, BP and Diabetes Pedigree Function. The final model has selected five highly correlated 

attributes such as Glucose, BMI, Insulin, Pregnancies, and Age as the most related features for diabetes 

prediction. 
 

 

 

 

 

 

 

 

 

Figure 2(a). Before feature selection correlation 

between attribute. 

Figure 2 ( b ) . After feature selection 

correlation between attributes. 
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Table 2. The relation between input and output features using WEKA tool. 
 

 

Attributes Correlation Coefficient 

Glucose 0.48 

BMI 0.32 

Insulin 0.26 

Pregnancies 0.23 

Age 0.22 

Skin Thickness 0.19 

Blood Pressure 0.18 

Diabetes Pedigree 
Function 

0.18 

 

From above table-2, it has been observed that these three features are not so much correlated to diabetes 

prediction, and hence not significant in the diabetes prediction. Therefore, only significant correlated 

features are selected and used in the diabetes prediction. Now, dataset has five independent features 

like Pregnancies, Glucose, Blood Pressure, Insulin, Age and one dependent feature i.e. Outcome. The 

‘Glucose’ and ‘Outcome’ attributes are having 0.49 correlation coefficient value and hence these are 

highly correlated. The following Table 3 shows selected significant features for the proposed approach. 

 

Table 3. PIMA Indian diabetes dataset after significant feature selection 
 

S. N. Feature/Attribute Data Type Description 
1 Pregnancies Numeric Number of times pregnancies 

2 Glucose Numeric Glucose level in Blood 

3 Blood Pressure Numeric Diastolic blood pressure 
measurement 

4 Insulin Numeric 2 Hour Serum Insulin level in blood 
5 Age Numeric Patients Age 
6 Outcome Numeric Class 0-for Negative, 1-for Positive 

 

After applying the different pre-processing techniques on the PIMA diabetes dataset following 

observations are illustrated using histogram of the ranges and distribution of features which is shown 

in the following Figure 3. 

 

Figure 3. Histogram of attribute ranges and distribution after pre-processing 
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c. Standard Feature Scaling Technique 

The diabetes dataset used for training the machine learning model generally contains uneven range of 

the values that affects the prediction accuracy. The machine learning algorithms work on numeric 

values and do not know what that numbers represents. The feature scaling techniques are used for 

solving this problem and by adjusting the values in same range and produce best predictions results. 

Therefore, in this research work Standard Feature Scaling technique is used for scaling dataset that 

boosted the diabetic prediction accuracy. The standard scalar is also known as z-score standardization. 

It is a scaling method where the values are centered on the mean with a unit standard deviation. This 

implies that the mean of the attribute is shifted to zero and the resulting spreading has a standard 

divergence of one. The mathematical representation of standard scalar is as below [7], [9]. 
 

     𝑋𝑛𝑒𝑤 =
𝑋𝑖−𝑋𝑚𝑒𝑎𝑛

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
                               (1) 

 
d. Classification Algorithms 

After applying the pre-processing techniques and selecting the significant features, the dataset has been 

prepared to train and test using machine learning algorithms. In the proposed approach, six different 

ML algorithms are applied to the PIMA diabetes dataset for classification of dataset into two 

predefined classes such as diabetic and non-diabetic. 

4. Results 

In proposed methodology, experiment is conducted using different ML algorithms with feature scaling, 

features selection and hyper parameter tuning method on PIMA diabetes dataset for classification of 

the diabetes. The hyper parameter tuning method is applied on the classifiers by selecting appropriate 

parameters that improves the diabetes prediction accuracy. In the hyper parameter tuning for K-NN 

algorithm kth value is set to 21. The experiments of the proposed approach are conducted in the 

Python's Jupyter Notebook environment. The diabetes prediction results using proposed approach on 

the PIMA diabetes set of data is given in the following table-4. 

Table 4: Prediction accuracy before and after applying feature selection, 

feature scaling and hyperparameter tuning using PIMA dataset. 
 

ML Technique 

Prediction Accuracy 

Before Feature Selection, 

Scaling 
       (with All 8 Features) 

Prediction Accuracy After Feature 

Selection, Scaling with Hyper 

Parameter tuning (Selected 5 Features ) 

Logistic Regression (LR) 75.97 % 79.87 % 

K-Nearest Neighbor 
(KNN) 

72.72 % 81.82 % 

Naïve Bayes (NB) 77.27 % 81.82 % 

Support Vector Machine 
(SVM) 

77.27 % 79.22 % 

Decision Tree (DT) 69.48 % 75.98 % 

Random Forest (RF) 75.97 % 77.27 % 

 

From the above table is has been observed that the prediction results of after applying features 
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selection, feature scaling and hyper parameter tuning method are better than without applying pre-

processing techniques. In case of Logistic Regression classifier prediction accuracy is increased from 

75.97% to 79.87%, KNN accuracy increased from 72.72% to 81.82%, Naive Bayes accuracy is 

increased from 77.27 % to 81.82% that shows the significant transformation in diabetes prediction 

accuracy. In the proposed model the KNN and NB classifiers have shown 81.82 % as the highest 

prediction accuracy as compare to other classifiers. The following figures shows prediction accuracy 

before and after applying the feature selection, feature scaling and hyper parameter tuning techniques 

on the PIMA Dataset. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Diabetes prediction accuracy with and without pre-processing 

The performance evaluation and classification report with confusion matrix of the proposed machine 

learning approach using PIMA diabetes dataset is shown in the following table.  

 

Table-5. Performance evaluation and classification report of the proposed machine learning 

approach 

ML 

Algorithms 

Classification Report Confusion Matrix  

 

 

Logistic 

Regression 

 

 

 

 

Diabetes Prediction Accuracy with and without Feature 

Selection 
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Decision Tree 

 

 

 

 
 

 

Random Forest 

 

  

 

The performance of the proposed methodology is compared with performances of different techniques 

form the literature. Following table shows diabetes prediction accuracies achieved by various 

researchers using different machine learning classification methods and compared with accuracy of 

proposed methodology. 

Table- 6 . Diabetes prediction accuracy comparison of proposed method with existing methods 
 

Ref. No.  

Technique  Used 

LR K –NN Naive Bayes  SVM Decision 

Tree  

Random 

Forest  

Gangani 

Dharmarathne [9] 

DT, KNN, 

SVC, XGB 

 

- 

 

77.0 % 

 

-- 

 

77.0 % 

 

76.0 % 

 

-- 
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Muhamad Exell            Febriana 

[10] 

KNN, Naive Bayes  

- 

 

73.33% 

 

76.07 % 

 

-- 

 

-- 

 

-- 

Hakim El Massari [11] SVM, KNN, A NN, NB, LR, 

DT, Ontology 
 

77.2 % 

 

70.2 % 

 

79.0 % 

 

77.3 % 

 

-- 

 

73.8 % 

Jobeda Jamal [12] DT, RF, NB, L R, KNN, AB, 

SVM 
 

78.86 % 

 

79.42 % 

 

78.28 % 

 

77.71 % 

 

73.14 % 

 

77.34 % 

Neha P. Tiggaa [13] LR,KNN,SVM,  N B, RF  

74.4 % 

 

70.8 % 

 

68.9 % 

 

74.4 % 

 

69.7 % 

 

75.0 % 

Gaurav Tripathi [14] LDA, KNN, SVM, RF  

- 
 

79.24 % 

 

-- 

 

80.85 % 

 

-- 

 

87.66% 

KM Jyoti [17] KNN, LR, SVM 78.0 % 78.0% -- 77.0 % -- -- 

Priyanka Sonar [18]     DT, ANN, NB,SVM - -- 77.0 % 77.3% 85.0% -- 

Proposed Method 
Results 

LR, KNN, NB, SVM,  DT, 
RF 

 

79.87 % 

 

81.82 % 

  81.82%  

79.22 % 

 

75.98 % 

 

77.27 % 

 

From the above predication accuracy table-6 it was clear that the proposed ML approach using different 

algorithms performed acceptable prediction accuracy in comparison with other methodologies form 

the literature. The better diabetes prediction accuracy result obtained by KNN and Naïve Bayes is 

81.82 % as compare to the other classifiers. 

5. Discussion 

In this research work a novel approach was developed using machine learning algorithms with features 

selection, features scaling and hyper parameter tuning technique for diabetes disease prediction. The 

significant and robust features from dataset are selected using attribute selection tool and correlation 

attribute estimation method in WEKA software. Afterwards, the standard features scaling technique is 

used for the scaling of selected significant features. Then, ML algorithms such as LR, KNN, Naive 

Bayes, SVM, DT, and RF along with hyper parameter tuning technique are used for the classification 

purpose. After conducting experiments on PIMA Indian dataset with selected significant features and 

above classification algorithms with hyper parameter tuning, KNN and NB classifiers have shown the 

highest prediction accuracy of 81.82%. Then, Logistic Regression, Support Vector Machine and 

Random Forest have shown 79.87%, 79.22%, and 77.27% of prediction accuracy respectively. In the 

forthcoming research, we aim to develop a robust methodology using machine learning algorithms for 

diabetes prediction that would be focusing on better prediction accuracy using different techniques. 
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