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Abstract 
 

Diabetes Mellitus occurs due to the inability of body to metabolize glucose 
and it is a widespread chronic disease. Recently there is rapid development in 

machine learning techniques and it is gaining popular in medical domain in 

disease prediction. This paper aims at suggesting suitable classification 
algorithm for predicting the presence of diabetes mellitus based on diagnostic 

parameters in the Pima Indian diabetes dataset. An exploratory analysis has 

been done on the dataset to understand the nature of the data. Data is 
preprocessed and different supervised classifier algorithms like Decision 

Tree, Naïve Bayes, random forest, Logistic Regression, K-Nearest Neighbor 

classifier, support vector machine and Artificial Neural Network are 

employed and their capability in forecasting the presence of diabetes with the 
observations in the dataset were assessed. By analyzing the performance of 

the applied algorithms the best classifier has been suggested. Experimental 

results show that Support Vector machine performs well and hence their 
hyper parameters were tuned further to increase the accuracy of prediction. 

The evaluations of algorithms are also verified with Precision Recall Curves 

and also with Receiver Operating Characteristic (ROC). 
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1 Introduction 
  
Diabetes is one of the major health challenges and remains most 

dominant in India. Diabetes mellitus is considered as chronic metabolic non 
communicable disease (NCD) affecting population worldwide. As per the 

report of International Diabetes Federation, around 415 million adults had 

diabetes mellitus during 2015, and it is expected to rise to 642 million in 

2040. Further it was noticed that 95% of adults suffer with Type 2 diabetes 
mellitus. It is alarming that India is in the second position in the world having 

highest diabetic patients and has become one of the global diabetes 

epicenters. 
Understanding and creating awareness in the behavior of diabetes 

mellitus is gaining importance to mitigate the disease. With the increase in 

diabetic population, research activities have been activated rapidly in recent 
years.  

The ICMR-India Diabetes have also conducted a study towards 

assessing the dominance of diabetes in India by collecting sample of 

individuals from different states of India. Initial study covered four states 
(Chandigarh, Tamil Nadu, Maharashtra and Jharkhand) and they found that 

77 million suffered from prediabetes and 62 million are confirmed with 

diabetes mellitus. It is observed that Indians belonging to Type 2 diabetes 
mellitus are likely to possess a higher risk of coronary artery diseases [1].  

The reasons for explosion in the number of affected persons may be due 

to increase in growth of population in last decades. Environmental factors 
also play considerable role in prevalence of diabetic mellitus. Maternal 

malnutrition is considered as one of the major cause of diabetic mellitus in 

India. Births given by women with improper nutrition have high risk in 

propagating the disease to offspring. 
The sudden increase in BMI in children nowadays due to nutritional 

transition and positive BMI correlation in the early childhood has become the 

cause of the diabetic disease. With the advent of technology and rapid 
inventions people have become addict to machines. Most of the occupations 

are less laborious and lack physical activity. The recreational physical 

activity has declined paving way for the diseases. Junk food and beverages 

with artificial ingredients consumption has amplified the development of 
diabetes mellitus. 

Diabetes is a kind of illness reflected in body blood sugar levels that 

increase abnormally as the body does not produce sufficient insulin to meet 
its needs. Diabetes affects the nerves and creates sensation problems. It is a 

group of a syndrome that results in too much sugar in the blood. Inhibition 

and accurate identification of the presence of diabetes mellitus is 
progressively gaining importance in medical sciences. India faces multiple  
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challenges in the management of this disease such as lack of awareness, 

scarcity of trained medical experts and inexpensive medications. 

Developments in machine learning algorithms can assist people in 

making a primary judgment on diabetes mellitus based on their daily 
examination of physical observation, and it can assist the doctors as 

reference. The performances of machine learning algorithms depend on 

selection of effective features and the choice of appropriate classifier for the 
dataset under study.  

Machine learning algorithms have been broadly used in medical health 

preferably in predicting diabetes [2]. Researchers have applied classification 

algorithms namely neural network, decision tree and random forest for 
diabetic prediction. The data were obtained from a hospital in China 

comprising of 14 clinical observations. They have applied dimensionality 

reduction techniques and found that prediction rate of random forest was high 
with the accuracy rate of 80.8%. Data mining algorithms have been 

considered as effective and capable of enhancing the medical knowledge in 

making appropriate decisions. Researcher [3] have suggested a novel 
approach by combining a clustering algorithm, Farthest First with a classifier, 

Sequential Minimal Optimization classifier for diagnosing diabetic mellitus. 

The dataset used was Pima Indians dataset and the proposed approach has 

achieved good classification accuracy. 
Many complications arise if the presence of diabetes is unidentified and 

not treated in early stage. Researcher [4] have proposed an efficient model 

that can predict the likelihood of diabetic nature with good accuracy. They 
have tried with three classification algorithms such as SVM, Decision Tree 

and Naïve Bayes on Pima Indians Diabetes Database and found that the 

performance of Naïve Bayes was good with accuracy of 76.3%. An efficient 
predictive model was built to identify the risk of Diabetes Mellitus in 

Canadian patients with high sensitivity [5]. The laboratory results of the 

patients were collected by visiting the medical center and this information 

has been used to build the prediction models. Logistic Regression and 
Gradient Boosting algorithms were utilized and area under receiver operating 

characteristic curve (AROC) was utilized to evaluate the classifier ability. 

They have concluded that Gradient Boosting and Logistic regression have 
performed well with AROC of 84.7% and 84% respectively. 

Soft computing Techniques help in early diagnosis of diseases and assist 

the doctors in reducing the severity of the disease. Artificial Neural Network 

performs better in prediction of clinical parameters such high blood pressure 
risk. In the work [6] authors have surveyed various machine learning 

algorithms and suggested that Artificial Neural Network provides better 

accuracy in Pima Indian Diabetic Set. Early detection of diabetes reduces the 
complications in the individuals and saves their life. Most promising 

classification algorithms were tested on Pima Indian Diabetic dataset and 

their experimental outcomes showed that Logistic Regression and SVM have 
produced the accuracy level of 78% and 77% respectively [7]. 
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Type 2 diabetic patients are increasing in number all over the world. 

The discrimination capability of machine learning techniques enforces their 
applicability in medical diagnosis. An efficient prediction model with an 

integration of k-means and decision tree has been proposed.  The dataset 

considered for the study is the Pima Indians Diabetes Dataset downloaded 

from UCI Machine Learning Repository. K-means clustering has been used 
for data reduction and misclassified samples were removed. The reduced 

dataset has been subjected to decision tree classifier and application of k-fold 

cross validation have resulted 90% accuracy [8]. An elaborate review on 
machine learning techniques for Early Diabetes detection and assessment of 

disorders in Diabetic retinopathy has been done by [9]. They have discussed 

various machine learning techniques used for diabetic detection and 

compared their performances.  Deep neural network has been applied to 
predict diabetic mellitus to get optimal results. Feature selection algorithm 

has been employed to identify optimal features. A deep neural network 

namely Restricted Boltzmann machine has been used in assigning weights in 
the neural network. They have concluded that the prediction rate of deep 

learning models is higher than other classifier models [10].  

A systematic review on applications of machine learning and the novel 
methods used for the study of diabetes has been analyzed by [11]. They have 

discussed the diagnostic ad predictive biomarkers of diabetes, various 

machine learning algorithms used for prediction, complications due to 

presence of disease with therapy and drugs used for the disease. They have 
concluded that 85% of the work used supervised algorithms and only 15% 

used unsupervised algorithms. Support vector machines (SVM) have been 

extensively used in many of the works. 
The quality of medical data sets is one of the major considerations that 

will affect the efficiency of predictive models. Suitable preprocessing 

methods are to be employed to ensure the reliability of the models. An 

effective preprocessing technique for diabetes dataset has been suggested that 
include handling of missing value and feature selection algorithm [12]. 

Results have proved that the suggested mechanism outperforms and provides 

better accuracy and precision. To acquire the various patterns, trends and its 
relation between the diabetes patient’s data large amount of processing is 

needed. In Big data the study is still in process for analyzing the risk of 

readmission that involved with the diabetic patients. Authors [13] have 
determined the reason for the threat of  readmission and a comprehensive 

analysis has been conducted to predict and control it. 

Researchers [14] have evaluated the performance of five different 

classifier models with combinatorial approach for detecting the diabetes in 
women. 77.87% of accuracy is attained using a decision tree model. Logistic 

regression model provides 76.13% of accuracy and Artificial Neural Network 

(ANN) procedure produced 73.23% accuracy. Dataset used in this work is  
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Pima Indian Dataset that is received from UCI machine learning repository. 
The data includes details of female patients with minimum age of twenty one. 

 

2 Materials and Methods 
 
2.1 Data Analysis 
 

Nowadays machine learning techniques help the medical professionals to 

make diagnosis easy and also to identify hidden features. This work intends 

to relate the method involved in machine learning that are used for the 
classification in diabetes dataset describing a sample population susceptible 

for high risk of diabetes. Pima Indian diabetes dataset is used for this work 

and it is retrieved by National Institute of Diabetes and Digestive and Kidney 

Diseases, Arizona.  The dataset includes following clinical measurements 
• Pregnant frequency (Pregnancies) 

• Concentration of Plasma glucose (Glucose) 

• Blood pressure in mm Hg (BloodPressure) 
• skin thickness  in mm (SkinThickness) 

• serum insulin in mu U/ml (Insulin) 

• BMI measured as weight in kg/(height in m)^2 (bmi) 
• Pedigree function (Diabetes_Pedigree Function) 

• Patient Age  (age) 

The above attributes are independent attribute and outcome is a 

dependent attribute declaring the presence/absence of diabetes (1-diabetic 
and 0-nondiaetic). 

 

2.2 Observations on Dataset 
 

• The dataset includes the details of 768 female patients of at least 21 years 

old.  
• The pedi attribute provides information on history diabetes mellitus in 

the genetic relationship of the patient. This helps to correlate the 

hereditary risk towards the disease. 

• The distribution of class and age information is shown in Figure 1 and 
Figure 2 respectively. 

• The age samples used for the study are mostly less than 60 

• The dataset comprises of 268 positive instances and 500 negative 
instances 

• Some attributes (plas, pres, skin, insu, and mass) have 0 as their values 

indicate error in data 
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2.3 Data Visualization 
 

 The nature of data are visualized using correlation plot, histogram and 

scatter plot. 
 

2.4 Correlation Plot 
 

The correlation of attributes are depicted in Figure. 3 where dark red 

signifies corresponding attributes are more correlated and blue indicating less 

correlation. 

  
Figure 3 Correlation of attributes in dataset 

 

From the correlation plot the following observations are made. 
• The number of pregnencies and age are highly correlated 

• Glucose concentration and diabetic outcome are highly correlated 

• Insulin, bmi, have higher correlation with skin thickness 
• DiabetesPedigreeFunction is less related to diabetic outcome 

Figure 1 Distribution of 

class label outcome 
Figure 2 Distribution of 

Age of patients in dataset 
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2.5 Histogram 

 
The distribution of data can be analyzed using histogram. The histogram 

of attributes is displayed in Figure 4. From the histogram, it is evident that, 

• Attributes like bmi, glucose concentration, blood pressure are normally 

distributed. 
• Attributes like age, number of pregnancies and diabetesPedigreeFunction 

seems to be skewed distribution 

 
Figure 4 Histograms of attributes in the dataset 

 

2.5 Scatter Plot 
 

Scatter Plot exhibit the relationship between the attributes. They help to 

find the type of relation in a pair of variables (positive, negative or no 
relation). The scatter plot of pair wise attributes is displayed in Figure 5. 

 

 
Figure 5 Pairwise Scatterplot of attributes in the dataset 
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From scatter plot it is observed that bmi has positive correlation with skin 

thickness and insulin. There no correlation of age, number of pregnancies 

with other attributes. 
 

3 Proposed Methodology 
 

The proposed worked has three phases of experimentations. 

 Assessing the performance of dissimilar classifiers on selected dataset 

with original values 

 Assessing the performance of dissimilar classifiers on selected dataset 

with replacement of missing values 

 Assessing the performance of dissimilar classifiers on selected dataset 

with replacement of missing values and feature scaling 

The general architecture of the proposed system involves the following 

steps 

 Data Collection: The database considered for the study is the Pima 

Indian Diabetes database and it was available in UCI repository.  
https://www.kaggle.com/uciml/pima-indians-diabetes-database 

 Preprocess the data: Some of the attributes in the dataset have 0 values 

indicating the missing values. In phase-2 and phase-3 experimentation, 

these values are replaced with the mean of corresponding column 
values. 

 Feature scaling is a mechanism applied to normalize the range of 

independent attributes or features of data. Phase-3 experimentation 

includes this process. 

 Splitting the data into training set and test set: 80% of data were 

considered as training data to construct the model and 20% of data were 

utilized for testing the model performance 

 Apply machine learning algorithm: Seven supervised classification 

algorithms were tested on the dataset. The algorithms applied are Logistic 

Regression (LR), Decision Tree(DT), Naïve Bayes (NB), Random Forest 
(RF), , Support Vector Machines(,SVM), K Nearest Neighbor 

algorithm(KNN), and Artificial Neural Network(ANN).  

 Evaluate the performance using confusion matrix: A confusion matrix 

is often used in the classification problem to assess the performance of a 
classifier on test data. It helps to visualize the performance of each class 

in a supervised learning. The confusion matrix provides details based on 

true positive (TruePos), false negative (FalseNeg), false positive 

(FalsePos) and true negative (TrueNeg) rates. 

 Compute accuracy, precision, recall and F-Score from confusion matrix 

 

   (1) 

 

   (2) 
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                                       (3) 

 

     (4) 

 
 Repeat the steps 4-6 for each machine learning algorithm 

 The classifiers performance are compared and the best performing 

algorithm is selected 
 Evaluation of classifier performances are further verified using ROC and 

PR curves 

 Tuning the parameter of the best classifier to enhance the performance : 

Grid Search method with cross validation is applied to obtain the 
optimal value of the hyper parameter of the selected classifier 

 

Figure 6 shows the proposed architecture for diabetes prediction 

 
 

Figure 6 Process Flow in Diabetes Prediction 
 

4 Results and Discussion 
 

Machine learning algorithms are implemented using scikit-learn library 

and in python. Algorithms are executed in Jupyter notebook of Anaconda 

platform. 
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4.1 Performance Assessment of Seven Machine Learning 

Classifiers on Pima Indian Diabetes Dataset with Original 

Values 

 

The original dataset without altering the missing values are applied to 

seven classifier algorithms. The performance metrics of various classifiers 
are depicted in Table 1. 

 
Table 1 Performance metrics of supervised classifiers with the original dataset 

values 

Classifier Precision Recall F-Score 

Naïve Bayes 0.75 0.74 0.75 

Random Forest 0.73 0.74 0.71 

Logistic Regression 0.76 0.76 0.76 

SVM 0.74 0.74 0.74 

ANN 0.74 0.75 0.74 

DecisionTree 0.72 0.7 0.71 

KNN 0.75 0.74 0.75 

 

4.2 Performance Assessment of Seven Machine Learning 

Classifiers on Pima Indian Diabetes Dataset with 

Replacement of Missing Values 

 

The number of missing values ie, attributes with value zero in the 

dataset is depicted in Table 2. 
 

Table 2 Attributes with missing value 

 
Attribute Number of 

missing value 

Glucose Concentration 5 

Blood Pressure 35 

SkinThickness 227 

Insulin 374 

 

The missing values in the attributes are replaced with the corresponding 

mean of the respective attribute column. The performance metrics of 
different classifiers are depicted in Table 3. 
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Table 3 Performance metrics of classifiers with the missing values 

 replacement 

 

Classifier Precision Recall F-Score 

Naïve Bayes 0.74 0.74 0.74 

Random Forest 0.74 0.74 0.73 

Logistic Regression 0.74 0.74 0.74 

SVM 0.73 0.74 0.73 

ANN 0.69 0.70 0.70 

DecisionTree 0.72 0.71 0.72 

KNN 0.71 0.70 0.71 

 

4.3 Performance Assessment of Seven Machine Learning 
Classifiers on Pima Indian Diabetes Dataset with 
Replacement of Missing Values and Feature Scaling 

 

The dataset is normalized using feature scaling techniques. The 

performance metrics of different classifiers are revealed in Table 4. 
 

Table 4 Performance metrics of classifiers with the missing values replacement and 

feature scaling 

 

Classifier Precision Recall F-Score 

Naïve Bayes 0.78 0.79 0.78 

Random Forest 0.77 0.78 0.77 

Logistic Regression 0.76 0.77 0.76 

SVM 0.8 0.81 0.8 

ANN 0.7 0.71 0.71 

DecisionTree 0.73 0.72 0.73 

KNN 0.71 0.71 0.71 

 

The prediction accuracies of classifiers based on three experimentations 
are compared and shown in Figure 7. 

It is observed that classifier performances improved in Phase-3 

experimentation (feature scaling and missing value replacement) for all the 
classifiers except KNN and ANN. Also replacement of missing values in 

attributes has no impact on classifier performances. 
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Figure 7 Comparison of Accuracies of classifiers on different experimentation 

 on datasets 

 
4.4 Selection Of Best Classifier And Tuning The Hyper Parameter 

 

Analyzing the performance of classifier on three experiments it is 

evident that SVM classifier has outperformed with the accuracy rate of 
80.5%. The evaluation of classifier performance has been verified with ROC 

and PRC curves as shown in Figure 8 and Figure 9 respectively. 

 

  

  

  

 
Figure 8 ROC curves of different classifiers on tested dataset 
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Figure 9 Precision Recall curve of different classifiers on tested dataset 
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4.5 Tuning the Parameters of SVM 

The main hyper parameter of SVM is kernel. Kernel usually projects the 
observations into feature space and makes the observations are easily 

separable. Two standard kernels are mostly used for this transformation 

namely linear kernel and radial kernel. The kernel selection and their 
respective hyperparameters influence the class separability and improvement 

in the performance of the algorithm. 

Linear kernel has only one hyperparameter, the cost function C. Usually 

it is suggested to search the hyper-parameter space that yields best cross 
validation score. Sklearn package provides a function called GridSearch() to 

estimate the hyperparameters. The search includes an estimator, a parameter 

list, mechanism for searching / sampling candidates, a cross-validation 
method and a score function. Using the function the best C value for SVM 

with linear kernel was reported as 10. The accuracies of SVM classifier 

reported for various values of C are shown in Table 5. 

 
Table 5 Accuarcy of SVM classifier with the tuning of hyper parameter C 

 

Kernel Value  of C Parameter Accuracy 

Linear 1 80.5 

10 82.5 

100 81.2 

 

Radial kernel has two parameters: the cost function and gamma value. 

The performance of SVM classifier with radial kernel was less than 75% for 

different values of C and gamma value. 
 

5 Conclusion 
 

This paper proposed a methodology to predict the presence of diabetes 

based on the diagnostic parameters using seven machine learning 
classification algorithms. The efficiency of classifiers depends on the quality 

of input parameters. The dataset was analyzed using correlation plot, scatter 

plot and histograms. Presences of missing values in the attributes are also 
identified since clinical attribute value with zero does not make sense and has 

to be carefully handled. Experiments were conducted in three phases to find 

the impact of preprocessing on the classifier performance. Among the various 

machine learning classifiers SVM has outperformed in diabetes mellitus 
prediction with the accuracy of 80.5%. An exhaustive search on hyper 

parameters was carried out to enhance the performance. SVM classifier with 

linear kernel with cost function of 10 has improved the classification 
accuracy to 82.5%. Finding an optimal method in replacement of missing  
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values can improve the classifier performance. The accuracy can be 
improved by applying feature selection algorithm in future works. 
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