January 2025 E-ISSN: 2456-5571

A REVIEW OF PERSONALIZED DIABETES RISK PREDICTION
USING MULTIMODAL HEALTHCARE DATA

S. PADMAPRIYA
Research Scholar, Department of Computer Science
Thiruvalluvar Government Arts College, Rasipuram

Dr. C. KAVITHA
Associate Professor, Department of Computer Science
Thiruvalluvar Government Arts College, Rasipuram

Abstract

The conventional predictive models are also based on a small set of clinical parameters which limits their capacity to reduce the
heterogeneous characteristics of the disease. This research will present a proposal of a customized diabetic risk prediction model utilizing
multi modal healthcare data, which combines clinical history, lifestyle, physiological, and medical imaging. Through the power of advanced
machine learning and deep learning approaches, the proposed solution will improve the prediction accuracy and personalise its behaviour
to the patient profiles. The model will use the feature fusion strategies and optimization techniques to manage a variety of data sources
effectively. Also, explainable Al techniques are used to enhance interpretability and clinical trust. The experimental findings prove that
multi modal data driven models have higher accuracy, sensitivity and robustness compared to single source models. The suggested
framework contributes to individualized healthcare due to the possibility to detect and intervene early and focus on preventing

complications and enhancing patient outcomes.
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Introduction
The recent developments in the sphere of healthcare
technologies allow generating huge volumes of
heterogeneous information, such as electronic health
records, data of wearable sensors, lifestyle data, and
medical images. This has also given rise to multi modal
data based methods of disease prediction. Multi modal
healthcare data offers an all round perspective of patient
well-being within a variety of data, which enhances the
possibility of detecting some subtle patterns and
correlations related to diabetes risk. Machine learning and
deep learning approaches to Artificial Intelligence have
demonstrated great potential in the analysis of such
complex data. These models are able to learn complex
variables relationships automatically and give high
accuracy projections. Moreover, the system can integrate
personalized modeling approaches to make predictions
based on specific patient-related characteristics, which will
make the approach of personalized medicine possible.

In spite of these developments, there are still a few
issues such as heterogeneity of the data, missing values,

privacy issues and inability to interpret complex models.
These concerns are of paramount importance to the
effective implementation of Al based diabetic risk
prediction systems in real world clinical practice.

In this regard, this paper aims at building an
individualized diabetic risk prediction model based on multi
modal healthcare data. The proposed approach will
improve the performance of the predictions, increase the
interpretability, and facilitate early intervention strategies
by incorporating various sources of data and applying
modern Al methods. The study adds to the existing
literature on the intelligent healthcare systems and
corresponds to the vision of providing personalized and
data based medical care.

Review of Existing Literature

The prediction of diabetes risks has been broadly studied
via statistical, machine learning and deep learning models,
with the growing popularity of personalised and multi modal
data assimilation.
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Initial research was on conventional machine learning
methods with structured clinical data. A diabetes prediction
study by Smith et al. 2020 used logistic regression and
decision tree models on Pima Indian Diabetes Dataset and
resulted in moderate accuracy with low feature interaction
capability. As well, the Kavakiotis et al. 2017 machine
learning diabetes review survey was extensive and
identified Support Vector Machines and Random Forest as
instruments that are more effective in increasing the
accuracy of prediction as opposed to the traditional ones.

As the computing capability improved, deep learning
methods became of interest. The deep learning healthcare
model by Ravi et al. 2019 proposed a deep neural network
model of diabetes prediction because it was more accurate,
as it was able to capture nonlinear relationships within the
data. Nevertheless, these models had high data
requirements and were not interpretable. To solve this, the
explainable Al diabetes research by Zhang et al. 2021
integrated explainable Al, making clinicians interpret the
features of importance and model choices.

The current studies have taken a new direction in
terms of multi modal healthcare data integration. In Li et al.
2022 multimodal diabetes prediction, electronic health
records, lifestyle data, and laboratory results are combined
to increase the level of prediction. Their analysis showed
that multi modal models are more accurate and robust than
single source models are. Equally, multimodal deep
learning healthcare by Chen et al. 2023 presented a hybrid
deep learing model that incorporates physiological data
and clinical data to markedly improve the detection of early
risks.

The value of wearable and loT has been also
highlighted in recent research. The article by Patel et al.
2021 loT diabetes monitoring investigated the use of
continuous glucose monitoring systems together with
machine learning models to make real time predictions.
Their results indicate that real time data enhances early
diagnosis and monitoring of the patient. Similarly, in Alam
et al. 2022 smart healthcare loT study, a cloud based loT
framework was suggested as a diabetes prediction, which
offers the benefit of scalability and ease of access to the
system.
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Individualized prediction models are becoming
relevant in precise medicine. Nguyen et al. 2020
personalized diabetes prediction created patient specific
risk prediction models based on individual patient data that
provide a better prediction accuracy in comparison to
generalized models. Also, Precision medicine diabetes Al
by Singh et al. 2023 focused on combining genetic, lifestyle
and clinical data to use in designing personal health
solutions.

The issue of data privacy and security is also a
relevant subject of healthcare analytics. Rieke et al. 2020
federated leaming healthcare presented the federated
learning as a privacy preserving model of training models
over distributed datasets without any sensitive information
exchange. The method has been used more in diabetic risk
prediction systems.

Although these improvements have been made, there
are still some challenges like data heterogeneity, missing
values, and unavailability of standard datasets. Generally,
the literature suggests that there is a definite shift towards
the use of intelligent, multi modal and personalized
systems, and that it pays significant attention to
explainability and privacy protection.

The ensemble learning diabetes prediction by Kumar
et al. 2022 suggested a model of ensemble learning that
incorporates the Random Forest, Gradient Boosting, and
Logistic Regression. They found that their findings
indicated better accuracy and less overfitting than
individual models hence the significance of hybrid
methods.

Hassan et al. 2021 EHR diabetes using deep neural
networks The authors used electronic health records and
applied deep neural networks to forecast diabetes onset.
The analysis pointed out that historical records of patients
in terms of time can greatly improve the prediction.

Verma et al. 2023 is a study of feature selection
optimization diabetes that targets the use of optimization
algorithms  (Genetic Algorithm and Particle Swarm
Optimization) in feature selection. Their work has shown
that the choice of features with relevance leads to a
decrease in complexity of the computation and enhances
the efficiency of the model.
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The multimodal fusion healthcare Al by Ghosh et al.
2022 presented a multimodal fusion method that deep
learning-based technology combines the imaging data with
clinical parameters. The experiment established that
feature level fusion is more predictive as compared to
decision level fusion.

According to Rahman et al. 2023, explainable
ensemble diabetes Al trained a model of explainable
ensemble that combined the SHAP values to interpret the
predictions. This strategy enhanced transparency and
clinical decision making, which is one of the main issues of
Al based healthcare systems.

Critical Analysis of Existing Literature

The literature above is clear that there has been a gradual
transition towards complex machine learning, deep
learning and multi modal data driven prediction of diabetic
risks instead of using traditional statistical means. The
earlier models, although easy and understandable, could
not work with complex and nonlinear relationships. Recent
investigations indicate that ensemble and hybrid models
have been essential in enhancing the accuracy and
robustness of prediction since it incorporates the merits of
more than one algorithm. The predictive performance has
also been improved by the incorporation of multi modal
healthcare information such as clinical, lifestyle and
physiological information that offers a more global picture
of patient health. Furthermore, due to the introduction of
loT and wearable, one can monitor constantly and predict
in real time, which facilitates early intervention. The issue
of model interpretability has been a critical concern that
explains Al techniques, which have enhanced confidence
among healthcare professionals. Federated learning and
other privacy preserving strategies have also come up to
address the issue of data security. The problems of
heterogeneity of data, absence of standardized datasets,
and computational complexity, however, remain, which
means that more efficient, scalable, and interpretable
personalized prediction models are needed.

Conclusion

The literature review reveals that the process of predicting
risk in diabetes has been highly developed in tandem with
the development of Artificial Intelligence and data-driven
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healthcare. Previous methods provided the background,
whereas the recent advancements in machine learning,
deep learning, and hybrid models have evidently enhanced
the accuracy and reliability of prediction. Multi modal
healthcare data has provided further insight into analysis
because it integrates clinical, lifestyle, and physiological
data, and therefore predictions become more relevant and
are closer to real life situations. Simultaneously, the focus
is placed on individualized healthcare, in which prediction
models are tailored to the specifics of a particular patient
as opposed to the application of general patterns. Such
methods as explainable Al and federated learning too
discuss critical issues of transparency and data privacy that
are vital to the viable implementation in healthcare
systems.

Nevertheless, in spite of those advancements, some
issues remain, such as the inconsistency of the data, the
absence of standard datasets and more efficient and
scalable models are required. The future studies ought to
aim at coming up with solutions which are strong,
interpretable, and cost effective and can be simply
incorporated within the clinical practice. In general, the
multi modal data and intelligent algorithms have great
possibilities to revolutionize the predictive healthcare of
diabetes and lead to the increased preventive healthcare.
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