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ABSTRACT

Diabetes is a persistent medical condition that arises when the pancreas loses its ability to produce insulin
or when the body is unable to utilize the insulin it generates effectively. In today’s world, diabetes stands
as one of the most prevalent and, unfortunately, one of the deadliest diseases due to certain complications.
Timely detection of diabetes plays a crucial role in facilitating its treatment and preventing the disease
from advancing further. In this study, we have developed a diabetes prediction model by leveraging a variety
of machine learning classification algorithms, including K-Nearest Neighbors (KNN), Naive Bayes, Support
Vector Machine (SVM), Decision Tree, Random Forest, and Logistic Regression, to determine which algorithm
yields the most accurate predictive outcomes. we employed the famous PIMA Indians Diabetes dataset,
comprising 768 instances with nine distinct feature attributes. The primary objective of this dataset is to
ascertain whether a patient has diabetes based on specific diagnostic metrics included in the collection.
In the process of preparing the data for analysis, we implemented a series of preprocessing steps. The
evaluation of performance metrics in this study encompassed accuracy, precision, recall, and the F1 score.
The results from our experiments indicate that the K-nearest neighbors’ algorithm (KNN) surpasses other
algorithms in effectively differentiating between individuals with diabetes and those without in the PIMA
dataset.

Keywords: Machine Learning; Healthcare; Diabetes Disease; KNN; Naive Bayes; SVM; Decision Tree; Random
Forest; Logistic Regression.

RESUMEN

La diabetes es una afeccion médica persistente que surge cuando el pancreas pierde su capacidad de producir
insulina o cuando el organismo es incapaz de utilizar eficazmente la insulina que genera. En el mundo
actual, la diabetes es una de las enfermedades mas prevalentes y, por desgracia, una de las mas mortiferas
debido a ciertas complicaciones. La deteccion a tiempo de la diabetes desempena un papel crucial para
facilitar su tratamiento y evitar que la enfermedad siga avanzando. En este estudio, hemos desarrollado
un modelo de prediccion de la diabetes aprovechando diversos algoritmos de clasificacion de aprendizaje
automatico, como K-Nearest Neighbors (KNN), Naive Bayes, Support Vector Machine (SVM), Decision Tree,
Random Forest y Logistic Regression, para determinar qué algoritmo arroja los resultados predictivos mas
precisos. Empleamos el famoso conjunto de datos PIMA Indians Diabetes, compuesto por 768 instancias con
nueve atributos de caracteristicas distintas. El objetivo principal de este conjunto de datos es determinar
si un paciente padece diabetes basandose en métricas de diagnostico especificas incluidas en la coleccion.
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En el proceso de preparacion de los datos para el analisis, implementamos una serie de pasos de
preprocesamiento. La evaluacion de las métricas de rendimiento en este estudio abarco la exactitud, la
precision, la recuperacion y la puntuacion F1. Los resultados de nuestros experimentos indican que el
algoritmo K-nearest neighbors (KNN) supera a otros algoritmos en la diferenciacion efectiva entre individuos
con diabetes y sin diabetes en el conjunto de datos PIMA.

Palabr:as clave: Aprendizaje Automatico; Asistencia Sanitaria; Enfermedad de la Diabetes; KNN; Naive Bayes;
SVM; Arbol de Decision; Bosque Aleatorio; Regresion Logistica.

INTRODUCTION

Cancer is an ailment distinguished by the unrestrained splitting and proliferation of cells in organs or tissues,
which can lead to their spread beyond the initial location.™ Skin cancer is a dangerous and potentially deadly
type of cancer,®3% |t represents the most common type that threatens human beings. In the first instance,
it is visually detected, then by dermoscopic analysis, an early diagnosis makes it curable almost one hundred
percent.®® Precisely diagnosing skin cancer poses a significant challenge for dermatologists, even when
employing dermoscopy images, due to the initial similarity in appearance among several types of skin cancer.
Furthermore, even skilled dermatologists encounter limitations based on their education and experience in
accurately diagnosing skin cancer. Their exposure is confined to a subset of potential skin cancer manifestations
throughout their professional lifetime. Likewise, dermoscopy in the hands of less experienced dermatologists
can lead to a decrease in the accuracy of skin cancer identification. Consequently, to solve the problems
encountered by dermatologists there is an urgent necessity to create a swifter and more precise process for
detecting and classifying skin cancer lesions.?”

In recent years, researchers have invested substantial effort into crafting intelligent systems for applications
in different fields such as: object detection,® emotion recognition® and healthcare.®

Deep Convolutional Neural Networks (CNNs) have demonstrated their effective-ness in performing.

MATERIALS AND METHODS
Dataset

The PIMA Indian dataset is an open-source dataset” that is publicly available for machine learning
classification, which has been used in this work. It contains 768 patients females at least 21 years old data,
and 268 of them have developed diabetes. The datasets consists of eight medical predictor variables and one
target variable, Outcome which is either 1 or 0, 1 indicating that the patient is diabetic and 0, indicating that
the patient is not diabetic. Figure 1 shows the ratio of people having diabetes in the PIMA Indian dataset. Table
1 demonstrates the eight features and the target of the open-source PIMA Indian dataset.

Table 1. Features of the PIMA Indian Dataset

Pregnancies Glucose BloodPressure SkinThickness Insulin  BMI DiabetesPedigreeFunction Age Outcome

8 b 148 7 3 B 33.0 8.627 50 1
1 1 85 66 29 B 26.6 8.351 3 g
2 8 183 64 B B 23.3 8.612 3 1
3 1 89 66 23 9 2.1 8.1e7 2 8
4 8 137 49 35 168 43.1 .28 3 1

Dataset Preprocessing

In the consolidated dataset, we identified some unusual zero values which indicates missing value, such as
those for skin thickness, Glucose, BloodPressure, Insulin and Body Mass Index (BMI). Since these attributes cannot
logically be zero, we replaced the zero values with their respective mean values. Following this adjustment,
the process of counting this features becomes more straightforward. Figure 2 demonstrates the histogram of
each feature. Figure 3 shows the correlation of various attributes in the PIMA dataset. The training and test
dataset has been separated using the holdout validation technique, where 80 % is the training data and 20 % is
the test data.(""213.14
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Figure 1. Percentage of people having diabetes in the PIMA Indian dataset
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Figure 2. Histogram for each feature
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Figure 3. Correlation of Various Attributes in the PIMA Dataset
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Table 2. Performance metrics of various classifiers

Algorithm Class Precision Recall F1-score Accuracy Support Article
Mujumdar A et al
KNN 0 0,83 0,91 0,87 81% 107 72 %
1 0,73 0,57 0,64 47
Naive Bayes 0 0,82 0,87 0,84 77 % 107 67 %
1 0,65 0,55 0,60 47
SVM 0 0,82 0,91 0,86 80 % 107 68 %
1 0,72 0,55 0,63 47
Decision Tree 0 0,80 0,94 0,86 79 % 107 74 %
1 0,78 0,45 0,57 47
Random Forest 0 0,83 0,84 0,84 77 % 107 72 %
1 0,63 0,62 0,62 47
Logistic 0 0,82 0,89 0,85 79 % 107 76 %
Regtiession 1 0,68 0,55 0,61 47
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Figure 4. Confusion matrix of each model
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Classification Algorithms

This study utilizes a range of machine learning and ensemble techniques to develop an automated diabetes
prediction system, briefly outlined below. The GridSearchCV framework? is employed to identify optimal
hyperparameter values for all machine learning models.

KNN classifier: K-Nearest Neighbors is used for both classification and regression tasks. In KNN, an object is
classified by a majority vote of its neighbors, with the object being assigned to the class most common among
its K nearest neighbors (K being a predefined constant). The algorithm works on the principle of proximity,
where similar data points are considered to be close to each other in the feature space. 1617

Naive Bayes: is a probabilistic machine learning algorithm based on Bayes' theorem,® with the "naive”
assumption of independence between features. The algorithm is nhamed "naive" because it assumes that the
presence or absence of a particular feature is independent of the presence or absence of other features, which
may not always hold true in real-world data.

SVM: SVM performs supervised classification by choosing the best hyperplane.®

- Decision Tree: Serves as a visual representation of a learning function de-fined by a set of rules. It is
employed to approximate discrete-valued target functions.® Gini or entropy are used to determine information
gain. (718,19

Random Forest: It averages the predictions of several decision trees. As a result, the random forest can be
considered an ensemble learning model.?

Logistic Regression: The algorithm models the probability that a given in-stance belongs to a particular
category. The output is transformed using the logistic function (sigmoid), which maps any real-valued number
into the range between 0 and 1.¢20.2)

Performance evaluation
We validated the models' performance by evaluating metrics such as Recall, Precision, and F1-score. see
equation 1, 2, and 3:
Recall, the fraction of true positives that are correctly identified.
Precision is the fraction of retrieved instances that are relevant.
F1-score is the weighted average of Precision and Recall.

Recall/Sensitivity=TP/(TP+FN) (1)

Precision=TP/(TP+FP) (2)

F1-score= (2* Precision* Recall)/(Precision+ Recall ) (3)

Where:

TP (True Positives). These instances refer to cases in which the model accurately predicted the
positive class when the actual class was indeed positive;

FN (False Negatives). These occurrences correspond to situations in which the model forecasted the
negative class, but the actual class was positive. In simpler terms, the model failed to identify a
positive case;

FP (False Positives). These scenarios arise when the model predicts the positive class, but the actual
class is negative. In such instances, the model mistakenly as-signs a negative case as positive.

RESULTS AND DISCUSSION

We used precision, recall, f1-score and classification accuracy to evaluate various ML models as detailed in
Table 2. The classification model performance is visually depicted in Figure 4 through the confusion matrix.

Table 2 compares different performance metrics of various classifiers for the merged dataset. As per the
provided table, the KNN classifier demonstrated superior overall performance. It achieved an 81 % accuracy,
along with precision, recall, and F1-score of 0,83, 0,91, and 0,87, respectively, for the category of non-diabetics.
However, its performance was comparatively lower for the category of diabetics, with precision, recall, and
F1-score values of 0,73, 0,57, and 0,64, respectively.

Figure 4 depicts the confusion matrix for various ML models. According to this figure KNN technique correctly
classified 124 instances with TP = 97 and TN = 27.@

CONCLUSION

Diabetes, known to impact life expectancy and overall quality of life, can be mitigated by early prediction,
minimizing risks and long-term complications. This work introduces an automatic diabetes prediction system
employing diverse machine learning approaches. Utilizing the open-source PIMA Indian dataset, this study
aims to contribute to the early identification and management of this chronic disorder. This research reported
different performance metrics, that is, precision, recall, accuracy, and F1 score, for various machine learning
models. The KNN classifier achieved the best performance with 81 % accuracy.
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