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Abstract

Recent research in health data analysis has transformed our understanding, prediction, and management
of diabetes mellitus. This review explores various approaches used in related studies to enhance
understanding and management strategies of diabetes through data analysis. Various data analysis
methods, including machine learning such as neural networks, Gaussian Process Classification (GPC),
and deep learning, have been used to enhance illness management and forecast accuracy. One of the
included studies created customised care plans and used data to forecast the likelihood of complications
in diabetes.. Another focused on comparative approaches for diabetes diagnosis using artificial
intelligence, while others explored disease classification techniques using GPC algorithms. On the other
hand, some studies utilized deep learning to identify diverse trajectories of type 2 diabetes from routine
medical records, while others developed wide and deep learning models to predict diabetes onset. This
review notes that data analysis approaches have significantly advanced accuracy in diagnosis, predictive
modeling, and disease management of diabetes. Integrating these technologies allows for more
personalized treatment approaches, where patient data can tailor individualized care strategies. Study
findings indicate that machine learning and deep learning applications not only enhance prediction
accuracy but also unlock new potentials in identifying risk factors, managing complications, and
preventing diseases. Thus, this review provides profound insights into how data analysis has shifted
paradigms in diabetes management, extending beyond diagnosis and treatment to encompass prevention
and long-term management of chronic diseases. These studies lay a robust foundation for further
research in developing more sophisticated and effective approaches in health data analysis, ultimately
aiming to enhance the overall quality of life for patients with diabetes.

Keywords: Diabetes mellitus, health data analysis, machine learning, neural networks,
GPC classification

1. Introduction

Diabetes type I, particularly type 2, is a chronic disease posing a global health challenge
with increasing prevalence (World Health Organization, 2020). It is often associated with
serious complications such as retinopathy, nephropathy, and heightened risks of heart attack,
stroke, and lower extremity amputation (American Diabetes Association, 2021). Early
diagnosis and proper management are therefore crucial.

https://journal.scitechgrup.com/index.php/jsi 26



Numerous studies have concentrated on creating methods for classifying and predicting
diabetes mellitus using machine learning, deep learning, and electronic health data (Anwar et
al., 2019; Maniruzzaman et al., 2017; Nguyen et al., 2019). These techniques aim to enhance
diagnostic accuracy and prediction compared to traditional methods. One highlighted
contribution is the use of wide and deep learning models, combining the strengths of general
linear models and artificial neural networks to predict the onset of type 2 diabetes (Nguyen et
al., 2019). Furthermore, efforts have been made to identify subgroups or clusters of diabetes
progression using deep learning algorithms and clustering on longitudinal electronic health
record data (Manzini et al., 2022). This aims to understand the heterogeneity of diabetes and
provide insights into disease evolution, facilitating more precise and patient-centered
management.

Overall, these studies aim to address gaps in managing chronic diseases like diabetes
by leveraging advanced data analysis techniques (Mustamin et al., 2024). The results are
anticipated to improve the quality of life for diabetic patients for patients, healthcare providers,
and healthcare systems as a whole (Mustamin et al., 2024; Kavakiotis et al., 2017)..

2. Materials and Methods

Based on the literature review discussed, diabetes mellitus, especially type 2, is a
chronic disease increasingly becoming a global health issue with rising prevalence (Chen et al.,
2020). This disease is often associated with serious complications such as retinopathy,
nephropathy, heart attacks, strokes, and lower extremity amputations, emphasizing the critical
importance of early diagnosis and proper management (American Diabetes Association, 2021).
Consequently, a great deal of research has gone into creating deep learning and machine
learning-based methods for controlling, predicting, and classifying diabetes using electronic
medical information.

Using Gaussian Process Classification (GPC) approaches to categorise diabetes
mellitus data is one strategy that has been highlighted. Its performance is compared with other
classification methods, such as LDA, QDA, and NB (Maniruzzaman et al., 2017). Key findings
indicate that GPC-based models achieve higher accuracy, sensitivity, specificity, and other
performance metrics compared to other methods in diabetes data classification (Maniruzzaman
et al., 2017). Additionally, efforts have been made to identify different subgroups or clusters
of diabetes progression using deep learning algorithms and clustering on longitudinal electronic
health record data (Manzini et al., 2022). This aims to understand the heterogeneity of diabetes
and provide insights into disease evolution, aiding more precise and patient-centered
management.

The wide and deep learning method is presented to combine feed-forward neural
networks with generic linear models with several features to improve prediction accuracy in
the context of forecasting the onset of type 2 diabetes (Nguyen et al., 2019). This approach is
expected to address issues of imbalanced data and improve prediction accuracy compared to
traditional methods (Nguyen et al., 2019). Overall, these studies aim to fill gaps in managing
chronic diseases like diabetes by leveraging advanced data analysis techniques, as proposed by
(Mustamin et al., 2024) in understanding patterns, predicting complication risks, and designing
patient-centered disease management solutions.

The results are expected to improve the quality of life for individuals with diabetes, as
well as healthcare providers and systems as a whole(Mustamin et al., 2024; Kavakiotis et al.,
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2017). However, there are still some limitations and new research questions emerging, such as
the effectiveness of recommended disease management solutions based on predictive models
in clinical practice, and identifying factors that can strengthen predictive model capabilities in
predicting diabetes complication risks (Mustamin et al., 2024).

Table 1. Research on predicting diabetes complication risks conducted and reported

Research Theme Methods Used Research Findings References
Classification of Linear discriminant analysis  Compared to Maniruzza
diabetes mellitus (LDA), quadratic alternative man et al.,
data discriminant analysis approaches, the GPC- 2017
(QDA), Gaussian Process based model offers
Classification (GPC), and improved performance
Naive Bayes (NB) criteria such as
sensitivity, specificity,
accuracy, and other
metrics..
Clustering the Deep learning (Kernelized-  Identifies various Manzini et
development AutoEncoder) and longitudinal al., 2022
trajectories of Type longitudinal clustering trajectories of T2DM
2 Diabetes Mellitus using routine
(T2DM) electronic medical
records.
Prediction of Type  Deep and broad learning Improves prediction Nguyen et
2 diabetes onset (combining feedforward accuracy of Type 2 al., 2019
neural networks with general diabetes onset using
linear models) electronic medical
records compared to
traditional methods.
Data analysis for PCA, SMOTE, Random The neural network Mustamin
pattern Forest, SVM, Neural model predicts the etal., 2023
understanding, risk  Network likelihood of diabetic
prediction, and complications with an
diabetes AUC-ROC of 0.92.
management
solutions
Comparative Deep learning, machine Deep learning and Anwar et
analysis of diabetes learning, additional features ~ combined machine al., 2020

mellitus diagnosis

(heart rate)

learning algorithms
yield better results in
diabetes diagnosis.

Table 1 presented illustrates various recent studies in health data analysis, particularly
focused on the management of diabetes mellitus. Each study has a unique research objective,
such as """Health Data Analysis for Comprehensive Understanding of Patterns, Prediction, and
Disease Management: A Case Study on Diabetes Mellitus,"” which makes use of methods such
as Synthetic Minority Over-sampling Technique (SMOTE), Principal Component Analysis
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(PCA), as well as predictive models such as Random Forest and Neural Network to understand
health patterns and predict diabetes complication risks. Additionally, The comparative
accuracy of different methods utilising machine learning and deep learning for diabetes
diagnosis is covered in the research "Comparative approaches for classification of diabetes
mellitus data: Machine learning paradigm”. In the meantime, deep learning is used in the study
"Longitudinal deep learning clustering of Type 2 Diabetes Mellitus trajectories using routinely
collected health records” to group Type 2 diabetes development trajectories from routine
medical records., On the other hand, "Predicting the onset of type 2 diabetes using wide and
deep learning with electronic health records” focuses on utilising deep learning models from
electronic health records to predict the development of type 2 diabetes.. The provided
references each support these research outcomes with complete citations related to the methods
and main findings achieved in each literature review.

3. Results and Discussion
3.1. Utilising Deep Learning and Machine Learning to Forecast Diabetes Mellitus

Studies focusing on diabetes mellitus data analysis showcase diverse approaches, all
aiming to enhance understanding and management of the disease through information
technology and contemporary scientific methods. Mustamin et al. (2023) conducted a case
study using direct data from health information systems, patient interviews, and open datasets
to develop predictive models. They used machine learning methods including Random Forest,
Support Vector Machine, and Neural Network for additional analysis after implementing PCA
for feature extraction.

Anwar et al. (2020) complemented this approach with a literature review encompassing
various methods in classifying diabetes mellitus using Al. Although their focus was more on
the literature, this study provides a comprehensive overview of the technological evolution in
diabetes diagnosis. Additionally, Maniruzzaman et al. (2017) added a comparative aspect by
utilizing the Pima Indian Diabetes dataset, comparing several classification algorithms to
improve accuracy and effectiveness in disease management. Manzini et al. (2022) presented a
more advanced approach by developing clustering methods using deep learning from routinely
collected electronic medical records. They demonstrated that integrating Kernelized-
AutoEncoder techniques for latent space analysis and classical clustering algorithms could
uncover complex patterns in the trajectories of type 2 diabetes.

Nguyen et al. (2019) closed the loop by employing extensive and deep learning from
electronic health information to forecast the onset of type 2 diabetes. By combining linear
regression models and artificial neural networks, this study highlighted the potential of
technology to support early diagnosis and timely intervention. Overall, these studies reflect the
evolution in scientific approaches to diabetes mellitus, from in-depth data analysis to the
application of cutting-edge technology in disease prediction and management. The integration
of information technology and medical science enriches our understanding of diabetes mellitus,
paving the way for the development of more effective diagnostic and intervention strategies in
the future.
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Table 2. Methods used for predicting diabetes mellitus

Object of Research
Research Method Study Findings
A Case Study on Diabetes Mellitus Direct data Diabetes  Patterns,
Using Health Data Analysis to Gain a extraction, patient ~ Mellitus  prediction,
Comprehensive Understanding of interviews, PCA, and
Patterns, Predictions, and Disease Random Forest, management
Management (Mustamin et al., 2023) SVM, Neural of diabetes
Network mellitus
Comparative methods for diabetes Literature review,  Diabetes = Comparison
mellitus data classification: the machine  comparison of Diagnosis  of
learning paradigm (Anwar et al., 2020)  classification classification
algorithms algorithm
accuracy
Methods for classifying diabetes Classification with  Pima Strengths
mellitus data that are comparable: the GPC, LDA, QDA, Indian and
machine learning paradigm NB Diabetes  weaknesses
(Maniruzzaman et al., 2017) Data of various
diabetes
diagnosis
approaches
Using routinely gathered health records, Kernelized- Type 2 Identification
longitudinal deep learning clustering of ~ AutoEncoder, Diabetes  of type 2
Type 2 Diabetes Mellitus trajectories classical clustering  Mellitus  diabetes
was conducted. (Manzini et al., 2022) Trajectori  trajectories
es
utilising extensive and deep learning in ~ Wide and deep Onset of  Prediction of
conjunction with electronic health learning, linear Type 2 type 2
information to predict the onset of type 2 regression, Diabetes  diabetes
diabetes (Nguyen et al., 2019) Artificial Neural onset from
Network electronic
health
records

Table 2 above presents various methods used in research on diabetes mellitus, the
objects studied, the main findings of each study, and references for further information. These
studies reflect efforts to effectively utilize data in the management and diabetes mellitus
prediction employing a variety of contemporary data analysis methods.

Conclusions

Based on a comprehensive review of various data analysis studies related to diabetes
mellitus, it can be concluded that these approaches significantly contribute to understanding,
predicting, and managing the disease. The study by Mustamin et al. (2023) shows how data
analysis methods like Principal Component Analysis (PCA) and artificial neural networks can
improve the prediction of diabetic complication risks.. Additionally, research by Anwar et al.
(2020) identifies advancements in artificial intelligence approaches for diabetes diagnosis,
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while Maniruzzaman et al. (2017) and Manzini et al. (2022) highlight the effectiveness of
classification and clustering techniques in grouping and understanding diabetes trajectories
based on medical record data. Recent research by Nguyen et al. (2019) contributions as well
by creating deep and broad learning models to forecast the onset of type 2 diabetes.. Overall,
the integration of information technology and medical science in data analysis provides deeper
insights into health patterns and lays a strong foundation for developing more effective
diagnosis and management strategies in the future.
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