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Abstract

Diabetes Mellitus is a chronic and one of the deadliest diseases. Diabetes disease increases the risk of long-term
complications, including heart diseases and kidney failures, among others. Undoubtedly, Diabetes Mellitus patients may
live longer and lead healthier lives if the disease is detected early. Over the years, several efforts have been on more
accurate and early detection procedures to safe patients of Diabetes Mellitus. Interestingly, with the applications of
Information Technology to the disease diagnoses and therapy managements, more attention has been on using machine
learning in the predictions and early detection of Diabetes Mellitus. Unfortunately, determining the most appropriate
machine learning algorithm with the best performance in terms of optimum accuracy still remains a challenge. The study
proposes a framework for Diabetes Mellitus detection using Machine Learning Algorithms. The proposed framework was
evaluated using K-nearest neighbor (KNN), Random Forest (RF), and Logistic Regression (LR). Extensive experiments
were conducted to analyze the performance of the framework focusing on four distinct different clinical datasets. To
ensure robust, web compatible framework, Python and its popular data science related packages, Pandas, Numpy,
Seaborn, Matplotlib and Pickle were used for the implementation. Significantly, using the standard datasets obtained
from the National Institute of Diabetes and Kidney Disease, Random Forest was able to predict Diabetes Mellitus in the
datasets with the best accuracy of 93.4 %.
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1. Introduction

Diabetes mellitus is a chronic disease having the potential of causing a worldwide health care crisis. In so many
instances, diabetes has been recorded the cause of death of a number of patients, following other diseases of heart and
cancer. Unfortunately, previously proposed computer-assisted diagnosis frameworks, such as SurLens (Adeshina et al.,
2012), CAHECA (Adeshina et al., 2014), ConnectViz (Adeshina & Hashim, 2016), though resourceful in detecting
features of datasets, they are inefficient in predicting diabetes mellitus. However, the rise in automation procedures brings
about a possible dimension to the diabetes mellitus predictive procedures. The aim of machine learning and data mining
is to depict relevant and required information stored in datasets and generate clear and understandable description of
patterns for further usage. Multiple opportunities are created for healthcare through machine learning models being a
viable potential for achieving advanced predictive analytics

With this study, comparison of the accuracy of three machine learning algorithms were studied towards detecting
Diabetes Mellitus, which could possibly be at advantageous at the early stage of the chronic disease. Unfortunately,
without computer-aided applications, doctors’ procedures would have been completely based on common knowledge for
the treatment. Indeed, the common knowledge processes take time. With machine learning, patterns could be identified
earlier (Warke et al., 2019), and therefore utilized accordingly. Those experiments for this study, the three algorithms of
machine learning, the Logistic Regression, the Random Forest Classifier, and the K Nearest Neighbors were used to
predict early diabetes detection. The study was to find the best optimal algorithm to predicting diabetes faster and quicker,
and possibly with the appropriate supporting web application.
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2. Related Works

A number of studies attempted developing an application to detect diseases. Dey, Hossain & Rahman (2018) used
KNN, ANN, SVM, and Naive Bayes algorithms for disease detection. The datasets were divided into two for usages in
the training and testing. Min-Max Scaler (MMS) normalization method was introduced so as to increase the accuracy.
The study made used of Tensor Flow as a machine learning model. Similarly, Sisodia & Sisodia (2018) worked on diabetes
detection using classification algorithms. The study evaluated how efficient the different algorithms were in achieving
classifications taking into account those measurements such as accuracy, precision, recall, as well as F-measure. The
calculations of the accuracy used were with instances appropriately and inappropriately classified. Naive Bayes was
observed exceptional with the accuracy of 76.30%. Further verifications of the findings were established with Receiver
Operating Characteristic (ROC) curves. In the same vein, Wei, Zhao & Miao (2018) presented a study of Deep Neural
Network (DNN), Logistic Regression (LR), Support Vector Classifier (SVC), Naive Bayes and Decision Tree techniques,
towards identifying diabetes mellitus, in which the outcome eventually aligned with the submissions of previous studies.

According to Ballewar et al. (2021), diabetes mellitus was described as a series of conditions that include
hyperglycemia and insulin resistance, grouped into two distinct categories of type 1 and type 2. Perhaps with this in mind,
Kowsher et. al. (2019) gave a detection model to predict type-2 diabetes. The researchers emphasized on machine learning
algorithms, the KNN, Logistic Regression, Decision Tree, Random Forest, Naive Bayes, Artificial Neural Network, and
Linear Discriminant Analysis for the diabetes predictions. The study worked precisely on data collection, preprocessing,
training of the datasets, and the detection and predictions. While 80% of the dataset were considered for the training and
the remaining were used as the testing dataset.

Ullah et al. (2022) proposed machine learning methods to detect the risk factors of diabetes and also provided
decision support for medical practitioners in diagnosing diabetes. The study used synthetic minority over-sampling
technique integrated with the edited nearest neighbor for balancing datasets. The evaluation of the study shows the
reliability of the proposed model and was found outperformed other methods.

The study of Kulkarni et al. (2023) was a combination of non-invasive nature of Electrocardiogram (ECG) with
the power of machine learning to detect diabetes and pre-diabetes. The study was evaluated using datasets that include
time-aligned heartbeats recoded digitally. The algorithm accurately predicted diabetes-related classes and was found to
be resourceful in the early detection of diabetes and pre-diabetes. Bhattacharya & Datta (2023) proposed a focused
algorithm targeting classification for the prediction of diabetes. The researchers utilized ensemble classifiers which are
based on machine learning. Random Forest, Bagging, AdaBoosting and Gradient Boosting were the models used. The
results reported showed Gradient Boosting is the best among all other ensemble classifiers attempted to predict diabetes.
The team of Fabrian et al. (2023) developed artificial intelligent model that can predict diabetes following comparison
between the K-Nearest Neighbor (KNN) and Naive Bayes algorithms to see which of the algorithms are best for diabetes
prediction. The study was evaluated using datasets containing several health attributes. Evaluation of the study using
confusion matrix confirmed Naive Bayes algorithm out-performed KNN. Similarly, lately, Himi et al. (2023) proposed
smartwatch-based prediction system for multiple diseases including diabetes using machine algorithms integrated with
sensors to collect bodily statistics. The evaluation of the study proved it resourceful in predicting diseases that are
considered early and ability to predict multiple disease vulnerabilities before reaching an irrecoverable stage.

Undoubtedly, Al in medicine of today has a significant role to play towards a greater improvement in diagnosis
for the greater benefits of the medics and the patients. However, another possible clinical challenge could be on achieving
personalized treatments. Undoubtedly, realization of personalized treatments falls into those general paradigms of
precision medicine.

2.1 Materials and Methods

The framework proposed for this study, the methods and procedures are discussed in this section. The datasets
used were collected from Kaggle and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).
Data preparations includes converting the data to appropriate format, the data pre-processing and the use of the Machine
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Learning to model and manipulate the data has previously discussed. Several tests were conducted using different datasets
and the results were discussed.
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Figure 1: The Proposed Framework

3.2 The Proposed Framework

The proposed framework is presented in Fig. 1. The significant stages include acquisition of datasets, datasets
pre-processing and training the datasets. The application of Logistic Regression, K-Nearest Neighbor and Random Forest
are the core of the framework’s procedures. Testing of the datasets and documentation of their respective performance
evaluations conclude the framework stages.

3.2.1 Dataset

All the disease dataset used in the evaluation of this study were obtained from National Institute of Diabetes and
Kidney Diseases (NIDDK). The datasets contain 9 attributes in total, as presented in Table 1. Though an ordered collection
of data, while handling the data, the dataset could be a bunch of tables, schema and other objects. The analyses were
focused on detecting whether or not a patient has diabetes, based on diagnostic measurements included in the dataset.

3.2.2 Pre-Processing Data

The raw datasets have to be carefully transformed into a preferred format for further processing within the
framework. In the actual sense, the datasets in their raw forms are usually incomplete, sometimes not consistent or contains
other categorized forms of error. Preprocessing stages are alternative procedures to improving the datasets for use.
Manipulation of data before it is being used is also significant in order to ensure or enhance its performances. Without
any doubt, preprocessing the data is considered important in the data mining processes.
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Table 1: Diabetes dataset

SIN | Attribute Description
1. | Pregnancies Pregnancy times
2. | Plasma Glucose Plasma glucose concentration of 2hours in an oral glucose tolerance test
3. Diastolic Blood Pressure | Diastolic Blood Pressure measured in mmHg
4. | Triceps Thickness Triceps skin fold thickness measured in mm.
5. | Serum Insulin 2-Hour serum insulin measured in pU/ml
6. BMI Calculation of the body mass index.
7. Diabetes Pedigree Diabetic history of the family and other factors.
8. |Age How old is the Patient, in years.
9. | Outcome Presence of diabetes. 1 — Yes, 0 —No

3.2.3 Training Data

Data that are labeled are called training data. Such labeled data are used in the training of machine learning
algorithms towards ensuring proper decisions. Large dataset is used to teach machine learning model. For supervised
machine learning models, the training data is labeled.

4. Implementation

Python was used in the development of the proposed framework. Using CSV format, Pandas was imported to
read into the proposed framework. Numpy was deployed in converting the data into a suitable format for classification
model. Seaborn and Matplotlib were used for the visualizations. Furthermore, Logistic Regression, K Nearest Neighbor
and Random Forest algorithms were imported from sklearn. Finally, Pickle, which is available in sklearn was used to
save the model for use. In order to achieve good results, large quantities of data must be ingested into the machine learning
data exploration models. Without any doubt, if the data is not thoroughly explored, it would affect the accuracy of the
model. Furthermore, with Pandas, data exploration is made easier. Figures 2, 3, 4 and 5 show the correlation populated
by the algorithm of the study focused datasets 1, 2, 3 and 4 respectively.

Pregnancies Glucose BloodPressure SkinThickness Insulin BMI DiabetesPedigreeFunction Age Outcome
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Figure 3: Populated correlation values from the framework for Dataset_2
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Figure 5: Populated correlation values from the framework for Dataset_4

4.2 Data Cleaning
The significant of data cleaning in the workflow of machine leaning analysis cannot be over-emphasized due its
impact in the overall output of the study. Some of the factors to be considered in data cleaning processes include:

i. duplicate observations (sometimes referred to as irrelevant observations),
ii. data labeling,

iii. missing data points (sometimes referred to as null data points)

iv. unexpected outliers

Usually, if standard datasets were used for the study, possible issues of duplicate observations of irrelevant
information, data labeling and probably the unexpected outliers would have been taken care of.

4.2.1 Missing (Null) Data Points
Missing data points occur during implementation, when no information is provided for one or more items or for

a whole unit. Such challenges in datasets were managed using Pandas functions, Dataframe.isnull( ) and dfCopy.isnull(
).sum( ). Through eliminating irrelevant features or instances, we make feature subset, referred to as the features subset
selection process. The process greatly reduces dimensionality of data and greatly improves.
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Figure 6: Missing populated data values from the framework for Dataset_1
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Figure 8: Missing data values from the framework for Dataset 3
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Figure 9: Missing data values from the framework for Dataset 4

Ahead the applications of machine learning to the datasets, categorical variable were determined. The outcome
labels have two classes, 0 for no disease and 1 for disease for all cases in the particular dataset. The categorical variables
of the datasets were presented in Fig. 10 as categorical variable outcome plot for Dataset 1 and for Fig. 11, Fig. 12 and
Fig. 13 for the datasets 2, 3 and 4 respectively.

¢] 515
1 281
Name: Outcome, dtype: int64

500

400 4

300

200

100

o -

Fig. 10: Categorical variable outcome pIBt for Dataset 1
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Fig. 11: Categorical variable outcome plot for Dataset 2
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Fig. 12: Categorical variable outcome plot for Dataset 3
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Fig. 13: Categorical variable outcome plot for Dataset 4
Accuracy evaluations of the K-Neighbors Classifier, Logistic Regression and Random Forest in the prediction of

Diabetes Mellitus were evaluated with specific focus on datasets 1, 2, 3 and 4. The accuracy performance scores of the
classifiers with respect to the datasets are presented in Table 2, Table 3, Table 4 and Table 5.
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Table 2: Accuracy performance score of classifiers with Dataset_1

SIN Classifier Accuracy
1 K-Neighbors Classifier(KNN) 2%
Logistic Regression (LR) 74%
Random Forest (RF) 75%

Table 3: Accuracy performance score of classifiers with Dataset 2

SIN Classifier Accuracy
1 K-Neighbors Classifier(KNN) 73%
2 Logistic Regression (LR) 7%
3 Random Forest (RF) 78%
Table 4: Accuracy performance score of classifiers with Dataset 3
SIN Classifier Accuracy
1. K-Neighbors Classifier (KNN) 7%
Logistic Regression (LR) 79%
Random Forest (RF) 93%
Table 5: Accuracy performance score of classifiers with Dataset_4
S/N Classifier Accuracy
K-Neighbors Classifier(KNN) 77%
Logistic Regression (LR) 79%
Random Forest (RF) 91%

5. Conclusion and Future Work

Efforts have been put together in this study towards predicting diabetes using machine learning techniques. The
LR, KNN and RF algorithms were used in the study and their performances were carefully studied on adult population
datasets. Categories of risk factors related to the disease were cautiously taken into consideration. The results of the
experiments proved RF best among the three algorithms considered with the best prediction accuracy of 93.4% relative
to the datasets used.

Future work intends to focus on solving the imbalances in datasets, with under sampling and/or oversampling
algorithms which would most likely increases the chances of achieving better accuracy in the classification of the
respective classes even with fewer samples. Furthermore, it would be more resourceful to use real and latest datasets of
patients from hospital or clinics for continuous training, and possibly optimization of the proposed framework.
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