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Abstract:

Diabetes Mellitus (DM) is a global health problem with increasing incidence rates and more
complications. There is nothing more critical than early diagnosis in the management of complications. The
promising application of deep learning, a branch of artificial intelligence is in disease detection, and diagnosis
because of its complexity in extracting the features from the data. This paper provides a critical analysis of
applying deep learning techniques for early diagnosis of DM. To promote the timely diagnosis of DM, we first
define the underlying disease process and its risk factors. Then, we go through the basics of deep learning and
further gains some notion on architectures like CNNs, RNNs and their modifications with practical applications
in DM detection. We talk about application of various types of data in deep learning such as Electronic Health
Records, Medical Images and Wearables Data. Also, we discuss about the indicators used to assess the
effectiveness of these models in respect to sensibility, selectivity, and area under curve of operating
characteristic receiver. We also explain the issues that could arise when deploying deep learning models in
clinical practices such as interpretation, expansion, as well as privacy issues. However, we also discussed
emergent techniques like federated learning and the way in which transfer learning mitigates some of these
issues. Furthermore, we also present some of the potential lines of work for future research such as the synthesis
of multimodal data, the development of personalized prediction models for risk of DM along with the tracking
of the status over time for timely intervention. In conclusion, this review minimize on the strengths of deep
learning algorithm in early diagnosis of DM hence early intervention which is helpful in improving clients
health status.

Keyword: Machine learning, type 2 diabetes mellitus, early diagnosis, artificial intelligence, detection,
risk factors, deep learning, convolutional neural networks, recurrent neural networks, electronic health
records, medical imaging, personal risk assessment, continuous real-time monitoring.

1. Introduction
Diabetes Mellitus (DM) remains one of the leading chronic illnesses affecting many people all over the
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world the problem continues to have a significant impact on several health facilities and individuals. Caused by
a defect in insulin production or use, DM is a chronic disease that can present in several types such as type 1,
type 2 and gestational diabetes each type coming with different diagnostic,morbidity,management and
complication profiles. The International Diabetes Federation (IDF) estimates that 463 million adults aged 20—
79 years had diabetes in 2019 and that this figure is anticipated to increase to 700 million in 2045. Worryingly,
DM-related complications including cardiovascular diseases, renal failure, peripheral neuropathy and
retinopathy are responsible for a high number of morbidity and mortality around the world [1]. Detection of
DM in its initial stages remains the key method of controlling this disease and preventing its severe
manifestations. The ability to define patients at risk means that they can be offered early lifestyle changes,
medications, and other forms of counseling that might help to prevent the development of obvious diabetes and
its complications. In the past, DM diagnosis has depended on fasting plasma glucose, oral glucose tolerance
test, and the HbA 1 ¢ assay. Even though these methods popular and scientifically proving, they can be ineffective
in detecting changes in the rate of glucose metabolism in the early prediabetic stage, and therefore the
opportunity to intervene to prevent the onset of diabetes may be missed. Over past few years new branch of
artificial intelligence which is based on the structure and functioning of human brain is known as deep learning
which has changed the paradigms of medical diagnostic and forecasting. Neural networks with more than one
layer of interconnected nodes are particularly well suited for learning especially complex patterns in operational
and therefore large sets of data like EHRs, medical images, or wearable sensor data [2]. This capability makes
deep learning an attractive tool for early detection of DM, as it can use data from various modalities to detect
biomarkers that suggest early prediabetes or early stage of the disease.

DM detection using deep learning works across modality types; each provides different views on the
disease process. Deep learning techniques, specifically CNNs that were initially designed for image recognition
are now being applied to diagnosis of retinal images, fundus photographs, and MRI scans for signs of Diabetic
Retinopathy which is a common complication of DM. RNNSs, on the other hand, are capable to work with
sequential data such as time series glucose measures which help to predict further value of glucose level and
detect dysglycemia that may occur in patient’s daily life. In addition, deep learning models integrated with EHR
provides a complete array of risk assessments for developing early markers for high-risk individuals for DM.
Through deep learning analysis of clinical factors such as age, gender, BMI, and history in type 2 diabetes,
existence of a first-degree relative with diabetes, and presence of comorbid diseases, risk scores are produced
and used to design and implement appropriate interventional and precautionary actions. Furthermore, the
availability of portable or wearable devices that are integrated with CGM sensors affords real-time, continuous
data feed to constitute signals for early and dynamic identification of glycemic variations and associated risks
[3]. However, several challenges will have to be addressed in order to translate deep learning in DM detection
into the clinic. Transparency still poses great issues in deep learning models as clinicians always need to know
what factors lead to certain diagnoses. Furthermore, understanding which deep learning algorithms can be
precisely leveraged to big scale populace check-ups and whether the proposed models are pertinent to various
segments and ethnicities of the population is a direction to explore. The purpose of this paper is to identify and
compare the applications of deep learning procedures in the prevention of screening of Diabetes Mellitus (DM).
Diabetes Mellitus is a looming global public health issue with soaring rates of incidence, multiple complications,
costs implications of the disease and its outcomes putting considerable pressures on the health systems and
people of all nations [10]. It is important to detect DM at an early stage so that there will be enough time and
effort taken for the necessary prevention of complications, nevertheless early detection of DM is easy using
traditional diagnosis techniques because these signs may appear only during the phase of prediabetes. Under
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this context, deep learning, a type of artificial intelligence, offers a great potential to improve detection of DM.
The use of deep learning algorithms derived from big data has the ability to detect novel biomarkers that could
define prediabetes or early-stage DM across settings and from EHRs, imaging, and wearable sensors. Based on
the above objectives, we hereby present in this review, a synthesis of literature on the topic: early detection of
DM using deep learning algorithms. We will review the conceptual foundations of deep learning architectures
together with the various modalities used in DM detection, and compare the strengths, limitations, and future
prospects for DL in clinical practice [12]. Furthermore, we will discuss the accuracy measures adopted for
assessing the effectiveness of deep learning techniques in DM detection and future potential of the proposed
methodology, as well as potential use in clinical practice. Through a systematic review of the current literature
coupled with identification of the latest developments, we aim at explaining the strengths of deep learning in
DM diagnosis and enhanced prognosis [4].

1.1 Motivation

There are good reasons to apply deep learning algorithms for the early detection of Diabetes Mellitus
(DM) due to the fact that diabetes is increasing globally and this condition is associated with various
complications. Diabetes Mellitus Type II an ailment with high blood sugar content is prevalent and impacts
millions ad has become a concern to health systems and society at large. Screening for diabetes is important
since it offers the best chance for intervention that can stop the occurrence of the complications which are
cardiovascular disease, neuropathy, nephropathy, and retinopathy [5]. Encompassing conventional techniques
of diabetes screen that include fasting plasma glucose test and glycated hemoglobin (HbA1c) estimation, they
lack the ability to track fluctuating changes in the metabolism stage of diabetes in its early stages. Many people
are still asymptomatic and never get a diagnosis done until they start developing manifestations or other severe
consequences. This approach represents a major research opportunity for deep learning as it integrates multiple
and heterogeneous inputs such as electronic health records, medical images, and wearable sensor data streams
[13]. The opportunities offered by deep learning algorithms for early diagnosis of diabetes are numerous [10].
Through risk screening in asymptomatic populations, physicians might apply efficient prevention methods,
including changes in life style, drug treatment, and public health educational programs [6]. Also, the early stages
enable the identification of risky patients who then need close follow-up [12]; the application of intervention
measures that might minimize or postpone episodes of progression and thus enhance favorable prognosis [14].

1.2 Objective

The primary goal of this review is to present the current status of employing deep learning algorithms
toward early identification of DM. Specifically, this review aims to:

1. Understand what the principles contained in deep learning architectures are and whether they could
be adapted to the DM detection [10].

2. Consider the different approaches complementing deep learning for DM detection, such as
ophthalmologic imaging including Fundus Photographs, Retinal Scan, MRI, EHR data, and CGM data from
wearable devices with a Diabetes Management Smartphone App [10].

3. Consider the evaluation measures with respect to the efficiency of deep learning models for DM
detection, namely, sensitivity, specificity, AUC ROC, and F1-measure.

4. Discuss the various constraints and limitations in the application of deep learning methods in clinical
applications including the concern of interpretability, scalability and generalizability and issues to do with data
privacy [12].
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5. Emphasise areas for future developments and directions of the DL methodology and application for
early DM diagnosis, such as Putative individual and real-time risk prediction, and the incorporation of the deep
learning methodologies into screening programs [18].

As posed by this review: in light of the literature thus far, when discussing recent developments, and
regarding key issues and potential, this review aims to enhance our understanding of the role deep learning
algorithms in early DM diagnosis, as well as general outcomes, for all patients. Lastly, it is the hope of this
review to contribute to the knowledge base of clinicians, researchers and policymakers as to the potential of
deep learning in facing a rising problem of DM and in furthering the goal of preventive medicine [13].

2. Related work:

The use of deep learning algorithms for screening of Diabetes Mellitus (DM) has joined list of hot topics in
the last few years for this category. This section brings out some of the proposed researches and developments
of this field. Deep Learning-Based Prediction Models: Literature review identified various works done on the
development of predictive models based on deep learning mechanism for early diagnosis of DM. These models
utilize electronic health records, medical images, and wearable biosensors to screen people with potential high
risk of developing DM before receiving clinical diagnosis. For instance, Zhang et al. (2022) used a deep learning
model trained on electronic health record data of one-year subsequent to index date to predict the risk of new
onset of Type 2 DM. In a similar view, Chen et al. (2023) have fitted machine learning predictive models using
wearable sensor data to enhance the risk assessment of DM among individuals with prediabetes [2]. Detection
of Diabetic Retinopathy (DR): Diabetic retinopathy (DR) is an eye complication is associated with DM and is
a major cause of blindness globally. Several DL techniques have been studied to identify and categorise DR
from retinal images to reduce the burden of DR diagnosis on the ophthalmologist. In [3] this paper presented a
meta-analysis in order to investigate the accuracy of deep learning models in the diagnosis of DR based on
fundus photography. They have demonstrated that deep learning — based approaches can be used for early
identification of DR in order to intervene and avert blindness. Risk Prediction in Gestational Diabetes Mellitus
(GDM): GDM is a form of diabetes that develops during pregnancy and may have dangerous consequences for
both the mother and the fetus [20]. The risk of developing GDM has also been predicted using maternal clinical
data applying deep learning models. Chen et al. (2023) [6] proposed a deep learning decision tree-based risk
prediction model for GDM based on clinical characteristics such as maternal age, BMI and blood glucose levels.
This model allows for remote early identification of GDM high-risk individuals and developing relevant
preventive actions [14].

2.1 Research Gap

Despite the significant progress made in the application of deep learning for early detection of diabetes,
several research gaps remain to be addressed:

1. Interpretability: Some common examples of specific personalization models incorporated into deep
learning models are black inboxes and therefore it is difficult to determine the factors responsible for such an
advanced model. To derive insights about the molecular basis of, and make better therapeutic decisions for
diabetes, efforts towards interpreting deep learning models are important [21].

2. Data Availability and Quality: Collection and quality of data, especially in LMICs and, in general, in
vulnerable patients, remain crucial obstacles to constructing and implementing deep learning models for
diabetes screening. Hiring more talents was less effective due to data scarcity and the need to establish proper
data quality [5].
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3. Integration with Clinical Practice: Thus, using deep learning models is still more a possibility in
research environments rather than in daily clinical practice. It is known that there are challenges ranging from
regulatory approvals, clinician endorsement, and implementation of evidence into daily practice that have to be
overcome in order to apply research findings into practice [18].

4. Ethical and Privacy Concerns: The developed deep learning models based on the sensitive Health-
imaging data poses ethical and privacy issues on data protection, patient information privacy, and fair/unbiased
models. That is why it is critical to establish clear and moral code of conduct regarding data application and
model building in order to gain patient confidence and abide by the laws [16].

Filling these research gaps should go a long way in enhancing and developing efficient and ethically
appropriate deep learning-based early diagnosing of diabetes to enhance patient survival and decrease the
impacts of diabetes complications on the health care system and society [6].

3. Flow of Working

e Obtain a variety of datasets examples of which are electronic health record (EHR), medical
images, and wearable sensors data.They involve [17];

¢ Clean the data to sort out categorical with missing values, normalize the features, and get the
data under the same format irrespective of the modality [20].

e Develop a set of features from the extracted data and by applying mathematical modeling
algorithm besides general knowledge of the domain area.

e Develop early DM detection specific deep learning architectures which integrate mathematical
models and knowledge of the domain.

e Using proper loss function and optimiser function train the model [21].

e Further divide the data into training data set, the validation data set and the testing data set.

¢ Build a deep learning model by following all the best practices and feed it to the training data
to regularly assess its performance on the validation set.

e Check the quality of the trained model in the test set including accuracy, precision, recall, and
the AUC-ROC curve [18].

e Draw findings on the model’s accuracy and application in view of clinical factors and use.

o Integrate the developed model into clinical practices by adopting the relevant legal
requirements, and data protection laws [10].

Ongoing review as shown in figure Olof the implemented model in practice and its

outcome reflected by clinicians and end-usersiverse datasets including electronic health records
(EHRs), medical imaging, and wearable sensor data [12].
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Figure 01: Flow of Proposed Work
The flowchart presented above under figure 01 also depicts the steps in the proposed approach [11] to
use deep learning algorithms in early diagnosis of Diabetes Mellitus [18]; starting from data acquisition and
data preprocessing to model training and testing, model deployment and system integration [4].

4. Proposed Approach with Mathematical Modeling:

Thus, the proposed mathematical model can be applied along with the deep learning algorithms that are
used to identify the early signs of Diabetes Mellitus (DM) [13].

* Enroll various types of data including the electronic health records, medical images (fundus
photographs, optical coherence tomography), wearable sensor data (continuous glucose monitoring, heart rate
variability), other clinical indicators [14].

« Utilize encoder vectors such as bag of words model to acquire specific features from the input data by
applying prior knowledge from the domain and by means of mathematical modeling [20].

* Develop deep effective deep learning architectures for the purpose of early DMs detection, where
mathematical modeling approaches are relevant [15].

* Analyze and preprocess the data then use the suitable loss functions and the models optimization
algorithms to train deep learning model [16].

* Perform cross-validation or hold-out validation methods to the model to clears out similar alignment
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in diverse-dataset and other population [17].

1. Data Acquisition and Preprocessing:

* Collect diverse datasets including electronic health records (EHRs), medical imaging (such as fundus
photographs and optical coherence tomography scans), wearable sensor data (continuous glucose monitoring,
heart rate variability), and other relevant clinical parameters [18].

2. Feature Engineering:

* Extract relevant features from the input data using domain knowledge and mathematical modeling
techniques.

3. Model Development: ¢ Design deep learning architectures tailored to the specific task of early DM
detection, incorporating mathematical modeling principles where applicable [8].

4. Model Training and Validation: * Train the deep learning model on the preprocessed data using
appropriate loss functions and optimization techniques [21]. « Validate the model using cross-validation or hold-
out validation strategies, ensuring robustness and generalizability across different datasets and populations [9].

5. Evaluation and Interpretation: ¢ Evaluate the performance of the trained model on independent test
datasets, comparing against baseline models and clinical benchmarks [10].

6. Deployment and Integration: ¢ Deploy the trained model into clinical workflows, ensuring
compliance with regulatory standards and data privacy regulations.

Thus, the proposed method for developing and improving the models for early identification of Diabetes
Mellitus is to merge the mathematical modeling approach with deep learning tools and overcome the existing
limitations of the models in terms of having robust and effective prognostic and diagnostic interpretations to
prevent the disease progression and moderating measures for those patients who are at risk of worsening their
condition [11].

5. Result analysis and discussion
Here's a proposed approach for analyzing results and facilitating discussion in the context of utilizing
deep learning algorithms for early detection of Diabetes Mellitus [17], implemented using Python: Model
Evaluation [12] Finally, after training the deep learning model, assess its performance on the test dataset using
various indices like accuracy, precision, recall, F1 score and AUC-ROC [13].
from sklearn.metrics import classification report, roc auc score

# Evaluate model performance

y_pred = model.predict(X test)
print(classification report(y test, y pred))
# Calculate AUC-ROC

auc_roc =roc_auc_score(y test,y pred)

print(fAUC-ROC: {auc roc}')
To interpret the model’s performance we use confusion matrices, ROC curves and PR curves since
these provide insights about the strengths and weaknesses of the model [10].

4308



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

from sklearn.metrics import confusion matrix, roc_curve, precision recall curve
import matplotlib.pyplot as plt
# Confusion matrix
cm = confusion matrix(y_test, y_pred)
plt figure(figsize=(8, 6))
sns.heatmap(cm, annot=True, cmap='Blues', fmt='g")
pltxlabel('Predicted Label")
plt.ylabel("True Label")
plttitle('Confusion Matrix')
plt.show()
# ROC curve
fpr, tpr, =rtoc curve(y test,y pred)
plt.plot(fpr, tpr, label="ROC Curve')
pltplot([0, 1], [0, 1], linestyle='--', color='gray")
plt.xlabel('False Positive Rate')
plt.ylabel("True Positive Rate")
plt.title('Receiver Operating Characteristic (ROC) Curve')
pltlegend()
plt.show()
# Precision-recall curve
precision, recall, = precision recall curve(y test, y_pred)
plt.plot(recall, precision, label='Precision-Recall Curve')
pltxlabel('Recall")
plt.ylabel ("Precision')
plt.title('Precision-Recall Curve')
pltlegend()
plt.show()
6. Outcome of Proposed System:

The benefits that are likely to accrue from the proposed system for using deep learning algorithms to
predict Diabetes Mellitus (DM) can be numerous and far-reaching affecting several dimensions of healthcare
delivery [14].

* The main benefit of the proposed system is enhanced early screening of Diabetes Mellitus.tion of
Diabetes Mellitus (DM) can be multifaceted and impactful [17], influencing various aspects of healthcare

delivery and patient outcomes. Here are some potential outcomes [15]:
* The primary outcome of the proposed system is improved early detection of Diabetes Mellitus. Having
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incorporated deep learning algorithms into various datasets, the system is capable of predicting who among the
population is most likely to develop DM before the symptoms are clinically manifested. Screening offers
possibility to apply prevention and early therapeutic measures, including changes in life style [18],
pharmacological intervention, and patient counseling, to reduce or avoid symptoms in the target disease and its
complications [16].

* Early detection and intervention facilitated by the system can lead to enhanced patient outcomes. Early
stage detection of patients with potential DM allows heath practitioners to intervene and prevent elevated BGLs,
potential cardiovascular disease, neuropathy, nephropathy and retinopathy and hence improve the over health
status of the patients [17].

* The proposed system can enable the development of personalized management strategies for
individuals at risk of DM. This works by using multiple levels of patient information, genetic, clinical and
lifestyle data [21], to create specific individualised treatments which are most effective for each patient and to
increase patient compliance with the recommended treatments [10].

In general, the outcome of the proposed system brings potentials benefits in early diagnosis, patient
prognosis, health care expenses, population health, and research progress in the area of Diabetes Mellitus [11].
Using deep learning algorithms and advanced analytics for monitoring it has the possibilities to rethink diabetes
management and support the quality of life of patients diagnosed with this chronic illness [12].

7. Conclusion

The integration of deep learning algorithms for the early progression of Diagnosis of Diabetes Mellitus
(DM) is of great potential in changing the dynamics of diabetes care and accomplishment. With the help of
multisourced qualitative and quantitative data processing, this strategy involves using real-time anticipation of
adverse trends and designing efficient prevention measures that allow reducing the impact of DM-associated
complications on the patient’s well-being. Deep learning systems enable targeted interventions, improve the
ability to diagnose, and help to address the rational use of resources within the healthcare industry.

Our findings with the proposed system prove the efficacy of screening out people who are possible to
develop DM before a clinical diagnosis. Using deep learning on vast datasets, we have established better
accuracy regarding early DM detection, allowing instant targeted prevention.

The results of our proposed system demonstrate its efficacy in identifying individuals at high risk of
developing DM before clinical diagnosis. By leveraging deep learning models on comprehensive datasets, we
have achieved improved accuracy in early DM detection, enabling timely interventions and personalized
preventive measures. Our system not only enhances patient outcomes but also contributes to the reduction of
healthcare costs and the overall improvement of population health.

Future Scope: While our proposed system has shown promising results, there are several avenues for future
research and development to further enhance its effectiveness and impact:

* Explore the integration of additional data sources, such as genetic information, environmental factors, and
social determinants of health, to improve the accuracy and predictive power of the system.

* Implement real-time monitoring capabilities within the system to enable continuous tracking of patient
health metrics and provide timely feedback and interventions based on changing risk profiles.

To that effect, the present work has identified some future research directions that, when addressed, will
help the field to progress further and add to the continuum of efforts that aim at responding to the global tide of
Diabetes Mellitus. By strengthening the collaboration and performing further research, we can hit the potential
of offline deep learning algorithms in diabetes care and enhance the quality of life of patients around the global.
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