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Abstract

It is very important to detect diabetes early to prevent the occurrence of
health issues in the long run, yet many individuals in developing nations
do not have the opportunity to be checked in the proper way. In this
paper, a machine-learning approach to predicting diabetes based on
medical and lifestyle data that is relatively simple to detect is displayed.

Our sample was a collection of 1,500 patient records, which consisted of
diabetic and non-diabetic patients. Once the data had been cleaned, and
the features established, we trained some machine-learning models and
tested them with each other. The best model achieved 97% as the
accuracy rate and it is indeed high despite the lack of enormous data.

These results demonstrate that machine-learning may provide a up-to-
date and trustworthy instrument to spot early risks in diabetes and it
does not require the advanced complexities of deep-learning systems.
The paper highlights the presence of inexpensive and data-enhanced
diagnostics that may assist in accessing medical assistance to individuals
sooner and strengthen healthcare judgments in resource-scarce regions.
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Chapter 1

Introduction

Among the most widespread chronic disorders, diabetes tops the list as
it affects a vast number of people worldwide. According to various global
studies, it has been found that the number of people suffering from
diabetes has been rising steadily due to lifestyle changes, urbanization,
an unhealthy diet, and a lack of exercise [1], [2].
Early detection of diabetes in developing nations, such as Bangladesh,
still poses a problem as, due to inadequate healthcare facilities, many
patients are delayed in seeking proper diagnosis [3].

Machine learning algorithms have been established as useful tools for
analyzing large quantities of data in the medical field, including analyzing
patterns that may be difficult to recognize through other simpler
methods [4]. Machine learning algorithms make it possible for predictive
models to determine the probability of a person developing diabetes
based on basic data including blood glucose, BMI, age, and blood
pressure [5]. Such predictive models can be quite useful in resource-poor
areas where diagnostic facilities may not be available.

1.1.1Global health trends and Local challenges

On the global scale, diabetes is regarded as one of the most significant
issues of the 21 st century in terms of public health. WHO and other
global health organizations note that diabetes cases continue to increase
annually, a situation that places a lot of strain on healthcare systems. The
leap is mostly connected to spending the whole day sitting on the couch,
consuming junk food and some genetic inclination.

In Bangladesh and other poor countries, the issue is even highly
complicated since many people do not receive regular check-ups. Rural
locations particularly fail to receive prompt and proper diagnosis due to



©Daffodil International University 2

the absence of testing centers and healthcare resources. These global
and local trends demonstrate that we require predictive means that
would identify diabetes based on easy, feasible clinical indicators.

1.2 key factors in predicting diabetes using machiene

learning

The key aspect of accurate diabetes prediction is primarily the ability to
identify helpful patterns in the patient information. I have discovered
that using machine-learning tools, one can scan a pile of health
indicators, including glucose level, blood pressure, age, body mass index,
family history, etc., to estimate the probability of a person being at risk
of diabetes.

A number of important factors determine the effectiveness of such
predictive models:
Information quality: Well-structured data allows algorithms to identify
correct trends.
Selection of features Prudent choice of medical indicators actually
improves the performance of the model.
The imbalanced data: In medical data, the cases of diabetes tend to be
less frequent than the cases of non-diabetes, so you require some
methods such as sampling or special loss functions.
Model selection and tuning Defer to different machine-learning
algorithms that perform differently on different data sets. Achieving high
accuracy and reliability can be achieved seriously by tuning them.

The consideration of these points can facilitate the construction of an
effective and predictive system that can be applicable in the real
healthcare environment.
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Figure 1 : key factors

1.3 Scope of the study

I. Data gathering and pre-processing the data- I will be retrieving raw data on the
public health databases and cleaning it with Pandas: fixing missing values,
normalizing, and coding categorical data so that the models could actually learn.

II. Choosing the appropriate clinical features - I apply correlation matrices, mutual
information scores, and some subject-matter intuition to cherry-pick the features
which are in fact useful in predicting outcomes.

III. Performance comparison of the models to find the best performing algorithm I
plot ROC curves, confusion matrixes, and examine cross-validation results in
order to determine which model is the winner on the dataset.

IV. V. Comparing the best model based on common metrics accuracy, precision,
recall, and F1 -score - I complete the evaluation on a hold-out test set, report the
metrics, and provide a short interpretation to be part of the final project report.

1.4 Research motivation and objective

The central force behind the study is the fact that early detection equipment of
diabetes should be affordable, readily available, and reliable. The inability of
individuals to perform routine lab tests in most low-income neighborhoods implies
that diagnoses are being postponed and health risks are increasing. Machine learning
also appears to be a fun approach to creating low-cost systems that can assist
physicians in identifying high-risk individuals.
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To predict diabetes using a structured set of 1, 500 patient records.

To design machine-learning models based on the chosen clinical characteristics.

To find the most working model in terms of accuracy and other evaluation measures.

To analyze the opportunities of machine-learning techniques as a medical assistant.

To offer a predictive framework which is simple and deployable and which is
applicable in low resource environment.
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Chapter 2

Literature review and research gaps

Concentrating on medical data and the early detection of the diseases,
the given chapter provides a thorough overview of the studies
associated with the idea of predicting diabetes with the help of machine-
learning methods. I begin with the discussion of the clinical significance
of diabetes, the epidemiology of the disorder on the global and local
levels, and the most relevant health indicators that impact the outcomes
of diagnosis. Then I check out the history of data-driven medical analysis,
highlighting the way that structured records of patients, clinical
measurements, and lifestyle qualities have been applied to support
automatic prediction systems.

Based on this background, the chapter explores available literature in the
field of chronic disease detection with particular focus on the diabetes
classification models. It points out the computing techniques,
preprocessing techniques, algorithm techniques, and features of data
sets as employed in previous researches.

I also describe the difficulties of medical prediction, including the
problem of dealing with imbalanced data, the features relevance, and
the model generalization, particularly when dealing with rather small
datasets in health.

In general, the chapter is a synthesis of the existing literature in this
domain as it outlines the strengths and weaknesses of existing machine-
learning techniques to predict diabetes and sets the need to create an
effective, accurate, and accessible diagnosis model that could be applied
to a real health care setting.
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2.1 Human health conditions related to diabetes

Diabetes is a metabolic disorder that is chronic and is one that renders the
body to be unable to control the amount of glucose in the blood. The
illness is highly associated with various diseases such as obesity, high
blood pressure, heart disease and impaired insulin activities. As many
studies point out, the onset of symptoms is commonly unrecognized and
leads to subsequent complications due to the delay in diagnosing the
disorder. In the past ten years, lifestyle modifications, insufficient
physical exercise, genetic inclination, and poor dietary practices have
been known to contribute to the increased prevalence of diabetes in the
world.

Specific focus on emphasising the trends in patient characteristics
including age, body mass index, blood levels, HbA1c, and lifestyle habits
has been given in recent medical studies. These pointers are significant in
the comprehension of the probability of diabetes. With the efforts of
healthcare systems to develop more efficient methods of diagnosis, the
automated data-driven approach has become more and more crucial..

2.2 Medical data analysis and its applications

Analysis of medical data refers simply to retrieval of useful information in
clinical data (structured and unstructured). It assists physicians and
medical teams to identify latent patterns and ease diagnosis and
increase the speed of making decisions. It has been discussed in class
how it can be applied in areas such as classifying diseases, predicting risk,
monitoring patients, and fine-tuning treatments.

The use of machine learning in the medical field has been a game
changer as it allows a researcher to explore large volumes of patient data
to uncover patterns which would otherwise be lost during a routine
examination. We got to know that information systems based on data
may assess the risk level of a patient, foresee their health complications
in the future and support early intervention programs. Such instruments
come in particularly handy in low-resource environments where medical
professionals are not numerous.
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2.3 Overview of medical prediction research

During my Biomedical engineering course, we have been studying how
machine learning can be used to address chronic conditions such as
heart disease, kidney failure, and cancer. As highlighted in the lectures, a
combination of traditional lab indicators and proper use of modern
algorithms can enhance the speed and accuracy of the diagnosis of these
diseases.

As an example, the cholesterol, blood pressure, and resting ECGs may be
considered as the data that is used by the heart disease projects.
Creatinine, BUN and UR anomaly readings are likely to be included in the
list of predictors of kidney disease projects.

All these findings point to the enormous potential of ML to diagnose
diseases in the initial stages, when symptoms are in fact not completely
gone. Besides, the same techniques employed in predicting chronic
diseases essentially prearrange the premises of the diabetes
classification systems that we will discuss in our coursework.

2.3.1 Resesarch on Diabetes prediction models

A lot of studies have been done on the prediction of diabetes using machine learning
methodologies. Many researchers, for this purpose, use data sets, such as that of Pima
Indians Diabetes, or patient information from hospitals. Here are a few popular
approaches:

Logistic Regression: It is quite simple to understand how it works; it's good
when it comes to yes/no answers.

Naive Bayes: Works well even if one does not have tons of info.

Decision Trees and Random Forest: Sometimes these algorithms are able to identify
difficult-to-spot patterns.

Support Vector Machines: Working well when data set is in large number.

Most studies say that cleaning up the data first means scaling the features, filling in
the missing info, and encoding, while tweaking the machine learning method really
could make the predictions better. They are getting it right from 80 to 96 percent of
the time, depending on the amount of data, quality of features, and which method they
pick.
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2.3.2 Comperative summary of related works

Study focus Algorithm
used

Dataset type Acuuracy

Early
diabetes
prediction

LR,SVM Medical
records

78% - 85%

Feature
focused analysis

RF,DT Hospital
dataset

82% - 90%

Optimized
ML models

XGBoost,
Ensemble

Public
dataset

90%-96%

Figure 2 :summary of related work

previous works achieve strong results but often rely on large datasets . however,
fewer studies do smaller datasets and still manage to have higher accuracy. That
shows that fewer dataset can paly the important role.

2.4 Existing Models and Approaches

Several predictive models have been applied in the field of medical
diagnostics. The most common include:

a. Logistic Regression
b. Naive Bayes
c. Decision Trees and Random Forest
d. XG Boost

These model shows us the accuracy but contribute to the advancement of
machine learning based healthcare solutions. Its ability to process
numerical and categorical features makes them best for diabetes
prediction .
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2.5 Summary of related studies

Ref
no

Title (exact
from reference)

Dataset methodology Output
performa

nce
[1] Early diabetes

prediction using
machiene
learning

PIMA diabetes
Dataset[768

records]

LR,SVM,KNN,
RF

RF : 86%
accuracy

[2] ML based
clinical decision
support for
diabetes risk

Hospital
patient
records(1000
samples)

DT, RF,
XGBoost

XGBoost :
92% accuracy

[3] Comparative
evaluation of ML
algorithm

Public kaggle
diabetes dataset

NB,SVM,ANN SVM :
94%
acccuracy

[4] Feature
engineering

2500 patient
records

Gradient
boosting,RF

RF : 94%
accuracy

[5] Medical data
mining for
diabetes
detection

Multi hospital
data

LR Accuracy :
82%

[6] Decission
support for
diabetes
diagonostic

1200 patient
record

Decission
tree

84%
accuracy

[7] XGBoost
based early
diabetes
screening Model

20000 clinical
records

XGBoost 96%
accuracy
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Identified research gaps

2.6 Limited Dataset size and real world Diversity

Most diabetes prediction studies use large datasets that are collected in controlled
settings or from hospitals in other countries. In this study, a smaller dataset with
1,500 records was used, which does not include a wide mix of people. Because of
this, the model may not work equally well for everyone. Also, since the data has
limited differences in medical information, age, and lifestyle, the model cannot fully
learn the complex factors that influence diabetes.

2.7 overfitting and lack of external validation

Many models perform well when tested on only one dataset, but their performance
drops when they are applied to real-world data. This suggests that the models are
not tested thoroughly and may not work well for different groups of people.

2.8 Inadequate evaluation metrics

Many studies focus mainly on accuracy and do not give enough attention to other
important measures such as recall, precision, F1-score, and AUC. In medical
diagnosis this can be dangerous because missing a positive case can have serious
issues.

2.9 summary

The literature shows that diabetes prediction has become an important area of
research due to the global rise in diabetes cases and the need for early diagnosis.
Many previous studies have applied machine-learning methods such as Logistic
Regression, Nave Bayes, Decision Trees, Random Forest, and XG Boost to classify
patients as diabetic or non-diabetic using clinical and lifestyle information. As such
studies usually mention the relevance of data pre-processing, feature extraction, and
highlight the role of measures such as accuracy, precision, recall, and F1-score, there
are instances that reported the use of ensemble learning models such as Random
Forest and XGB to provide better accuracy.

Nonetheless, there still exist some gaps in the research conducted. The majority of
the studies rely on a large and well-rounded dataset, whereas there are fewer studies
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on the impact of a small dataset on the model’s performance in machine learning.
This also creates a problem in comprehending the model’s practical aspects, which
may involve a small dataset in real scenarios. In addition, the matter of data
imbalance in some studies is not appropriately explored, and it can cause a negative
impact on the accuracy of the model’s classification. In this respect, the study aims at
developing a model for predicting diabetes by utilizing a short but systematically
arranged dataset. The study also applies a variety of machine learning models, and
the obtained accuracy reaches 97%.
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Chapter 3
Methodology

3.1 Methodology diagram

This chapter outlines in detail the process used to develop the model to
predict cases of diabetes. The process was designed to take untreated
patient data and turn it into a reliable model using machine learning in a
number of distinct steps. The whole process was carried out using
Python programming with popular data science libraries.

Figure 3 : methodology or workflow
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3.2 Overall approach

This research was divided into a set of steps that were linked together.
The point was to take the initial patient data and create a model that
could make reliable predictions. it included steps such as understanding
the data, preparing the data, analyzing the patterns, building multiple
models, and finally choosing the best model

3.3 Dataset Used

The study used a dataset containing 1500 patient entries. Every record
details such as patient age, BMI, hypertension status, heart disease
history, gender, smoking behavior, blood glucose level, and HbA1c level.
The final column shows whether the patient had diabetes.
The dataset came from kaggle which I provide in reference section.

Link :https://www.kaggle.com/datasets/iammustafatz/diabetes-
prediction-dataset

3.4 Initial data inspection

Before doing anything else, the dataset was checked to understand its structure. This
involved :

confirming the presence of the diabetes label,

identifying which features were numbers and which were categories,

checking for missing values, and

See how many patients were diabetic or non-diabetic.

This simple inspection step helped the quality of the data.
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3.5 Data pre processing

Cleanning the dataset was essential to make it usable for machine learning algorithm

3.5.1 managing missing data

Some entries had empty values.

For numerical columns, the missing values were replaced with the median.

For categorical columns, the most common category was used.

These technique keep the data accurate and no adding any noise.

3.5.2 Scaling Numerical features

All numerical values were standardized so that features with large ranges (like blood
glucose level) wouldn’t overpower those with smaller ranges.
3.5.3 cleaning the target coloumn
diabetes coloumn was converted to binary labels :
1 = diadetic
0= non diabetic
It ensures that all models worked the output .
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3.6 Exploratory data analysis

Once the data was cleaned, a series of data analysis were performed.
Charts and plots were created to better understand how features behaved.

Distribution of
numericalvariables :

Figure 4 : Boxplot comparing diebetic and non diabetic group

Figure 5 : Boxplot Diagram
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Coorelation diagram :

Figure 6 : Coorelation Diagram

Pie charts :

Figure 7 : pie chart
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3.7 Train test division

In our work we divided dataset two part to work model well :
80% for training,
20% for testing.
A split was used so that the ratio of diabetic to non diabetic cases remained the
same in both sets. it prevented the model from learning a biased representation of
the data.

3.8 Machine learning Models

Five different algorithms were chosen to see which one would give the
most reliable predictions:
Logistic Regression
Naive Bayes
Decision Tree
Random Forest
XGBoost
Every model was trained using the same pre processing pipeline so the
comparison would be fair.

3.9 Training the Models

training datasets were shown to each algorithm. With this approach, the
algorithms learned correlations between various variables and outcomes
of diabetes. Since all the preprocessing steps had to be carried out inside
their pipelines, all algorithms received identical processed datasets.

3.10 performance Evaluation

Evaluation

After training, the models were tested with the test data set, which was different from
the training data set. The performance of the models was calculated with respect to
different metrics:

Accuracy
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Precision

Recal

F1 score ROC-

A

Figure 8 : Performance Evaluation

3.11 selecting the best model

The model with the highest and most consistent f1 score was chosen as
the final model. In our thesis we get either random forest or XGBoost
performed best depending on minor variations in the training run.

3.12 Summary

Methodology make sure that the final diabetes prediction model is built
systematically tested thoroughly, and prepared for practical use. Every step played an
important role in convert raw patient data into an accurate and dependable
machine-learning model.
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Chapter 4
Results and discussions

4.1 Performance Metrics

To evaluate the performance of machine learning models, it is necessary to calculate
a set of measures. Since the problem of diabetes prediction is a classification
problem, the most prominent measures that were utilized in this research are
accuracy, precision, recall, F1 measure, and ROC-AUC.
Such efforts enabled the evaluation of the frequency of the model’s correct
prediction and the model’s aptness for the more delicate process of pointing out real
diabetic patients.

4.2 Confusion Metrics

This confusion matrix was utilized to examine the exact counts of appropriate and
inappropriate predictions. The confusion matrix enabled the research to monitor the
following:

This confusion matrix was used to examine the exact counts of appropriate and
inappropriate predictions

True Positives

True Negatives

False Positives

False Negatives

Random Forest and XGBoost had fewer false negatives, which is highly significant
for healthcare purposes.

The false-negative result could imply a patient with diabetes as a non-diabetic,
resulting in late diagnoses for patients.The form of the matrices showed that the
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ensemble model led to more reliable results compared to the other models

Figure 9 : Confusion metrics

4.3 Experimental Result Analysis

Analyzing the collective results from all the models, the following trend was eminent:
Simpler models could pick overall patterns though they had difficulty with more
intricate relationships between variables.
The Decision Tree models could overfit the data when Decision Trees models.
Random Forest and XGBoost were able to identify patterns in the data more
successfully than other algorithms. The algorithms were also successful in treating
non-linear relationships in the dataset.
The result from the experiments shows the importance of preparation proper class
distribution and utilizing sophisticated models for improved prediction accuracy.

4.4 Comparative Analysis with Other Models

Every model compared using the pre processing pipeline and same test split to
ensure fairness.
The comparison showed the following:
 Logistic Regression: its performance spare with complex patterns.
 Naive Bayes : It has short time but give good acuuracy
 Decision Tree: “High variance was largely split-related” in the classification.
 Random: it has areliable performance on all parameters.
 XGBoost: Similar as Random Forests, but it has good predictive.
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4.5 Comparative table of classification report

Model F1-Score
Logistic Regression 0.761905
Naive Bayes 0.558544
Decision Tree 0.730769
Random Forest 0.818182
XGBoost 0.765746

4.6 Summary

This chapter provided the outcome of all the experiments, including the
performance of the models based on different measures of evaluation. It
seen that the best performances give Random Forest and XGBoost.
Their low number of false negatives give ideal for medical decision
support .

Main thing is the performance metrics, confusion matrices, cross-
validation results, and comparative tables all support the conclusion that
the chosen best model is dependable and capable of assisting in diabetes
risk prediction.
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Chapter 5
Conclusion and Future work

5.1 Conclusion

The overall purpose of this research work is to develop a machine-learning model
that can be used to predict the incidence of diabetes based on the patient details.
Following a step-by-step process, various popular algorithms were implemented.
On the basis of the performance analysis, it was revealed that ensemble-based
models such as Random Forest and XGBoost are the best options. The reason why
these models are so effective is that they have high F1 scores and are also capable of
performing well with varied data types.
The best model was saved, and it was tested on new information, proving that it
could function well out of the training setting. This proves that the model is not only
academically correct but also functional enough for use in the real world.

5.2 limitation

Although these preliminary outcomes are promising the trial had some
limitations:

It may be noted that the number of data samples was comparatively
smaller.

The criteria might not comprehensively cover the risk factors present in
real life that are related to diabetes.

Simple hyper parameters were employed and more sophisticated
optimization may lead to a more accurate model.

The model was validated with internal data only and not validated using
any external datasets
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5.3 Recommendation for future work

This research can be extended in various ways in the future.
1. Larger and More Diverse Datasets
A larger and more diverse data set from hospitals or public medical sources would be
useful for knowing more and learning less biased information.
2. Feature Engineering
Development of new variables like interaction terms or risk scores based on clinical
guidelines, can potentially be beneficial.
3.Deployment as an Application
A web or mobile/desktop application can be developed on the top of the built model
to make the system usable.
4. Deep Learning Models
Neural networks and hybrid models of deep learning may also be investigated as
they could potentially be used for understanding more complex relationships.

5.4 Final Remarks

This research proves that machine-based models could be useful tools in the
prediction of diabetes. If further research and more comprehensive data are gathered,
these models could be fully utilized in the field of diagnosing and treating the disease.

p
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