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1. INTRODUCTION

Diabetes represents a significant public health concern, affecting millions of individuals worldwide. Its
prevalence is increasing, driven in part by lifestyle factors and the aging of the global population. This systematic
review explores the potential of artificial intelligence (Al) in enhancing diabetes prevention, diagnosis, and
management. The review highlights the promise of personalized and proactive healthcare enabled through Al. The
research methodology employed an exhaustive review of the literature, the formulation of specific inclusion and
exclusion criteria, a data extraction process from selected studies that focused on the role of Al in diabetes, and a
comprehensive analysis to identify the specific domains and functions in which Al makes a significant contribution.

[1]

The results of the conducted literature review indicate that artificial intelligence (Al) can be regarded as a
transformative force in the following eight key areas within the field of diabetes care: 1) Management and Care of
Diabetes, 2) Diagnostic and Imaging Technologies, 3) Health Monitoring Systems, 4) Development of Predictive
Models, 5) Public Health Interventions, 6) Lifestyle and Dietary Management, 7) Enhancement of Clinical Decision
Making, and 8) Engagement and Self-Management of Patients. [2]

Each domain showcases the potential of Al to revolutionize care. This includes the ability to personalize care
plans, improve diagnostic accuracy, enhance patient engagement, and predict healthcare outcomes, all of which are
crucial for the management of diabetes. The integration of Al into diabetes care offers personalized, efficient, and
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proactive solutions, which improve treatment accuracy, empower patients to take an active role in their healthcare,
and provide better understanding of diabetes management.

However, implementing Al technology requires ongoing research and development, data security,
interdisciplinary collaboration, and a focus on patient-centered care. It is similarly important to educate healthcare
professionals and establish appropriate regulatory frameworks to address challenges such as algorithmic and ethical
biases. The findings of this study indicate that Al in the context of diabetes care can lead to improved health
outcomes and quality of life through the provision of personalized and proactive healthcare. In the future, it is
recommended that further investment be made to ensure the security of data, to encourage interdisciplinary
collaboration, and to prioritize patient-centered solutions. Regular monitoring and evaluation of the impact of Al on
healthcare is also crucial to allow strategies to be adjusted and to enable long-term understanding of the impact.
Finally, it is essential that ethical considerations are at the forefront of the integration of Al into healthcare.
Additionally, the utilization of Al may result in a reduction in the risk of mortality from diabetes.

Diabetes mellitus is a chronic metabolic disorder in which the body is unable to process glucose from the
bloodstream in an effective manner, resulting in elevated levels of glucose in the bloodstream. This condition is
further classified into two main categories, Type 1 and Type 2. Type 1 diabetes is characterized by insufficient
insulin production, while in Type 2 diabetes, there is insulin resistance. Hyperglycemia, or high blood sugar levels,
is a common consequence of both types of diabetes. This condition can potentially lead to a wide range of health
issues. Inadequate control of blood glucose levels can result in acute complications, including diabetic ketoacidosis
and hyperosmolar hyperglycemic syndrome. Moreover, numerous severe, long-term health issues may result from
poorly managed diabetes, including cardiovascular disease, nerve damage, kidney failure, vision impairment, and an
elevated risk of infection. Additionally, diabetes is one of the primary causes of premature mortality. As a
significant global health concern, diabetes impacts millions due to factors such as obesity, physical inactivity, and
aging. According to the World Health Organization (WHO), there were approximately 422 million cases of diabetes
in 2014, representing a fourfold increase since 1980, with 2 million associated deaths in 2019. This epidemic poses a
significant challenge to healthcare systems, underscoring the need for effective prevention and management.[3], [4]

In recent decades, technological advancements in the healthcare field have opened up promising avenues for
more effective management of diabetes. The disease's complexity and the necessity for continuous assessment and
modification of treatment plans make this particularly crucial. These technologies encompass advanced glucose
monitoring devices and software applications that facilitate the tracking and analysis of patient data, thereby
contributing to more personalised and effective diabetes care. [5], [6] In this domain, artificial intelligence is
transforming diabetes care, providing advances in early risk assessment, diagnosis, and personalised management.
Al is employed to analyze large data sets, thereby enabling the prediction of risk, the accurate interpretation of test
results, and the customization of treatment plans. These advances facilitate improvements in patient care and
outcomes. The incorporation of Al into the healthcare system offers the potential for a significant reduction in the
burden associated with diabetes care, with a shift towards a more proactive and personalized approach. This
systematic review explores the impact of Al in improving diabetes prevention, diagnosis, and management, assesses
its readiness for integration into healthcare, identifies research gaps, and guides future developments.

2. METHOD

The systematic review was conducted in accordance with four defined steps, an exhaustive search was
conducted across a range of databases, including PubMed, Embase, and Google Scholar. The search period spanned
from the year 2019 onwards, and the search terms employed were "artificial intelligence", "machine learning” and
"diabetes mellitus". The objective of this search was to collect experimental studies that examined the role of Al in
diabetes prevention, diagnosis, or management. Based on the established criteria, studies were included in the
review if they investigated Al's potential for improving the prevention, diagnosis, prognosis, monitoring, or
management of diabetes. Studies were excluded if they were irrelevant, lacked methodological clarity, or did not
meet other inclusion criteria. Essential data were then extracted from each study, focusing on the study's purpose, Al
techniques utilized, key findings, and conclusions. Subsequently, the aggregated and synthesized data were
employed to elucidate the pivotal domains where Al plays a pivotal role in the prevention, diagnosis, or
management of diabetes. Finally, a meticulous examination of the collected data was conducted, with the objective
of delineating the particular domains and functions in which Al exerts a beneficial impact in the management of
diabetes and delineating these into discrete domains and functions. [7]
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Figure 1. PRISMA flowchart for study selection and inclusion process.

3. RESULTS AND DISCUSSION

A review of published papers yielded 304 studies. Following the removal of duplicates, 202 unique studies
were identified. After the application of the inclusion and exclusion criteria, 114 studies were excluded following a
title screening. Additionally, 19 studies were excluded following an abstract screening. Following a full-text
screening, 43 studies, out of 88 studies, were included in the final selection. Fig. 1 depicts the process of study
selection and inclusion. Qualitative data analysis revealed that Al holds the potential to transform the landscape of
diabetes management, offering more accurate, personalised, and effective outcomes. [8]

Al algorithms have emerged as key players in the domain of diabetes management and treatment, where their
ability to personalise management strategies and optimize insulin doses has been widely recognized. These
advanced algorithms continuously analyse patient data, leading to the development of more tailored and efficient
management plans. Among the 43 studies included in this review, 19 studies addressed the role of Al in this domain.
In the Diagnostic and Imaging Technology domain, Al has been found to significantly improve the precision and
efficiency of diagnostic tools.

Its application in medical imaging, including magnetic resonance imaging (MRI) scanning, plays an important
role in the early detection and ongoing monitoring of diabetes-related complications. The technological
advancements ensure the early identification of subtle changes in a patient's health, which in turn facilitates prompt
intervention. This domain was addressed by eight studies, with the integration of Al with various devices, including
continuous glucose monitors, representing a significant advancement in real-time blood glucose tracking. [9] These
Al-enhanced systems not only monitor fluctuations in glucose levels but also predict potential health problems. This
integration significantly contributes to proactive diabetes management and represents a significant advancement in
the field. Three studies address this domain. Al also makes an important contribution to developing predictive
models. The use of artificial intelligence (Al) in the field of diabetes research is becoming increasingly prominent,
with the capacity to facilitate the forecasting of diabetes onset or progression, as well as the identification of
associated risks. By analyzing extensive health data, these models can determine risk factors and predict patient
responses to various treatments, paving the way for more personalized and preventive healthcare approaches. This
domain was the subject of 33 studies.
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The role of Al also extends to public health interventions, where Al helps create tools for risk assessment of
conditions such as stroke in diabetic patients. These Al-driven tools are critical in formulating prevention strategies,
thus playing a key role in public health initiatives aimed at reducing the impact of diabetes-related complications.

This domain was addressed by eight studies. Additionally, in the area of lifestyle and diet management, Al
applications are revolutionizing the way dietary and lifestyle advice is delivered to diabetic patients. The tailoring of
recommendations based on individual health profiles and preferences allows Al to facilitate more effective and
patient-centered approaches to lifestyle interventions. This domain was addressed by 15 studies. Al is also a
powerful ally for healthcare professionals engaged in improving clinical decision-making. Al assists in the sorting of
patient data to suggest the most effective treatment options. The overall quality of care improves as a result, and
clinical decisions become more accurate and efficient. This domain was addressed by 22 studies.

Finally, in the domain of patient engagement and self-management, Al-based tools and platforms facilitate
patient involvement in their healthcare. These tools not only provide personalized management advice but also track
adherence to treatment plans, empowering patients to effectively manage their conditions, thereby improving health
outcomes. This domain was addressed by 20 studies. In conclusion, the integration of Al across these domains
signals a transformative shift in the management and treatment of diabetes, offering a more nuanced and data-driven
approach that holds great promise for patient care and outcomes.

Diabetes Management and Care encompasses novel approaches to healthcare, leveraging Al to revolutionize
diabetes management. Recently conducted studies in this domain have demonstrated the versatility and efficacy of
Al algorithms in diverse applications. Al-based solutions are now capable of personalizing diabetes management
through the precise prediction of blood glucose levels, optimal insulin dosage, and the customization of treatment
plans based on individual patient characteristics. Key findings from these studies underscore the multifaceted nature
of Al applications in diabetes care. For instance, Liu et al. (2020) and Khor-Raminezhad et al. (2021) illustrate the
significant impact of lifestyle factors, such as exercise and diet, on glucose homeostasis. Al algorithms assist in
understanding and predicting these complex interactions. [10], [11]

Rein et al. (2022) and Joshi et al. (2023) This further underscores the efficacy of personalized nutrition plans
developed through Al in improving glycemic control and metabolic health outcomes, thus reinforcing the value of
this approach in the field of nutrition and healthcare. [12], [13] Innovations in machine learning, as demonstrated in
the work of Zhang et al. (2022) and Oikonomou et al. (2022), have enabled risk prediction of adherence and
personalization of treatment effects, respectively. [14], [15] This illustrates the capacity of Al to adapt treatment to
individual patient profiles, thereby facilitating more efficacious management of diabetes. Furthermore, the
integration of Al into medical devices and digital platforms, as evidenced by studies conducted by Faruqui et al.
(2019), Awvari et al. (2021), and Lee et al. (2023), offers a novel dimension of real-time data-driven management.
These platforms facilitate continuous monitoring and customization of treatment plans, which has a significant
impact on patient outcomes. [16], [17], [18]

Al in diagnostic and imaging technologies primarily examines the ways in which artificial intelligence
enhances the accuracy and efficiency of diagnostic tools, particularly in medical imaging such as MRI, for the
identification and monitoring of diabetes-related complications. Studies such as those by Roberts et al., 2020, have
demonstrated the ability of Al to improve diagnostic accuracy for diabetic macular edema (DME) and the automatic
segmentation of fluid in DME. Such advances have the potential to facilitate a deeper understanding of treatment
response and support the implementation of personalized healthcare strategies, as discussed in reference. [19]

Furthermore, Habes et al. (2023) have highlighted the role of Al in functional magnetic resonance imaging
(fMRI) and the detection of early signs of cognitive decline in diabetic individuals. [20] These advances
demonstrate the potential of Al in early intervention and the reduction of diagnostic errors. Similarly, Sarici et al.
(2023) and Abraham et al. (2021) focused on ultrawide-field angiographic graph parameters and identified
biomarkers for therapy response in DME, indicating the contribution of Al in improving treatment efficacy. [21],
[22]

Furthermore, studies conducted by Wang et al. (2022) and Zhao et al. (2022) demonstrated the utilization of Al
in the evaluation of therapeutic interventions for diabetic foot disease and in the monitoring of renal function in
diabetic kidney disease. [23] These findings indicate that Al not only enhances the precision of existing diagnostic
techniques but also paves the way for continuous monitoring and treatment optimization. This marks a notable
transition towards more precise and effective diabetes management.

The integration of artificial intelligence with health monitoring devices represents a significant advancement in
the field of health monitoring systems. This integration has the potential to improve the real-time tracking and
management of blood glucose levels, which is of particular importance in the context of diabetes care. The potential
of Al in creating a more responsive and personalized experience is illustrated by research in this area.

As an illustrative example, Zhang et al. (2022) demonstrated the application of machine learning techniques to
predict self-management adherence among individuals with Type 1 Diabetes. [24] The authors demonstrated how
Al could be utilized to identify individual barriers to self-management and to tailor interventions accordingly. This
level of personalization is crucial for effective diabetes management, as it accounts for the unique challenges that
individuals face and enhances their ability to proactively manage their condition. Similarly, Faruqui et al. (2019)
advanced this domain with the development of a deep learning model that utilizes mobile health data to dynamically
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forecast blood glucose levels. [16] Their work constitutes a significant step towards predictive health monitoring and
represents a significant advancement in the ability of patients with Type 2 Diabetes to anticipate and adjust their
lifestyle and treatment options in advance, thereby preventing potential complications. Lastly, the study by Reddy et
al. (2019) addressed the issue of exercise-induced hypoglycemia, a significant challenge for individuals with Type 1
diabetes. [17] By developing an algorithm to predict hypoglycemic events during aerobic exercise, they provided a
tool that enhances the safety of physical activity, which contributes to better diabetes management overall and an
improved quality of life for individuals with diabetes. Collectively, these studies demonstrate the transformative role
of Al in health monitoring systems, offering more accurate and real-time insights and predictions that empower
individuals with diabetes to manage their diabetes health more effectively and safely.

The ability of Al to analyze vast amounts of data, predict potential health issues, and provide personalized
monitoring enhances diagnostic precision, integrates diverse health data, and strengthens remote monitoring. This
evolution leads to a proactive and efficient health system.

The application of Al in the construction of predictive models marks a pivotal transition in the field of
healthcare, with a particular impact on diabetes management. This domain of inquiry examines the potential of Al to
anticipate the emergence and evolution of diabetes-related conditions, assess the risk of associated complications,
and predict the individual responses to diverse therapeutic and dietary interventions. By analysing a wide range of
data sources, including lifestyle habits, environmental factors, and medical interventions, Al enables the
identification of early indicators of diabetes risk. For instance, studies have demonstrated that Al is capable of
predicting the onset of diabetes by analyzing changes in the gut microbiome.

This predictive power extends to the customization of dietary strategies, as evidenced by the ability of Al to
forecast responses to a Mediterranean diet.

Furthermore, Al plays a pivotal role in the development of personalized nutrition plans, thereby improving
glycemic control. Additionally, it is instrumental in patient stratification, enabling healthcare professionals to
customize treatment plans based on individual risk or likelihood of disease progression. This not only facilitates
preventive care but also ensures effective management of existing conditions. Moreover, Al contributes significantly
to the innovation of medical devices, enhancing their functionality to make diabetes management more personalized.
It is also of paramount importance in predicting

Such applications include the prediction of hypoglycemia, which is crucial for the safe daily management of
diabetes. Finally, the scope of Al includes the forecasting of long-term complications and the evaluation of the
efficacy of interventions on insulin.

This resistance will set the stage for a future where healthcare is proactive, personalized, and predictive.

The application of artificial intelligence (Al) in public health interventions aims to enhance the efficacy of
public health strategies, particularly in the assessment and management of the risk of diabetes and associated
cardiovascular complications. Findings from studies in this domain provide valuable insights into preventive health
measures. For instance, Liu et al. (2020) highlighted the significance of exercise-induced alterations in gut
microbiota, demonstrating a correlation between these changes and improved glucose homeostasis and insulin
sensitivity in prediabetes. [25] This study underscores the role of lifestyle factors in diabetes prevention and the
capacity of Al to facilitate the identification of effective prevention strategies based on individual microbiomes.
Additionally, Wei et al. (2022) demonstrated the prognostic value of environmental chemical exposure in the onset
of diabetes mellitus through the utilization of machine learning. [26] This approach emphasizes the potential of
machine learning in the identification of broader environmental risk factors for diabetes, aiding in the formulation of
more comprehensive public health strategies. Conversely, Zou et al. (2024) and Sampedro et al. (2020)The study
focused on applying Al to categorize patients based on their risk of diabetes progression and to predict potential
complications, such as stent restenosis. [24], [27] These models facilitate the tailoring of interventions and
preventive measures in a more effective manner. Similarly, Oikonomou et al. (2022) and Wang et al. (2023)
employed Al to personalize cardiovascular care, demonstrating its efficacy in reducing the risk of heart failure and
optimizing blood pressure control in patients with or without type 2 diabetes. [5], [15] Khanji et al. (2019)
conducted a comparable study and identified predictive indicators for cardiovascular disease prevention,
emphasizing the role of Al in enhancing the accuracy of diabetes management. [28]

The development of prediction models for cardiovascular health management in diabetic patients represents a
significant advancement in the field of artificial intelligence. In a similar vein, Gastaldelli et al. (2021) also explored
the impact of PPAR-y agonists on steatohepatitis in patients with NASH, linking the potential of Al in
understanding complex biological responses to treatment. [29]

The application of Artificial Intelligence (Al) in the fields of Prevention, Lifestyle, and Dietary Management
represents a significant advance in personalized healthcare, where Al is employed to tailor dietary and lifestyle
interventions to the specific needs and preferences of individual patients. Research in this domain has demonstrated
that Al has the potential to improve the management of diabetes and related metabolic disorders through the use of
personalized nutrition and lifestyle modifications. The ability of Al to analyse large amounts of data, including
dietary patterns and the compositions of gut microbiomes, allows it to provide highly individualized
recommendations.
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The creation of highly individualized dietary recommendations is a notable outcome of this approach. For
instance, the use of digital twin technology and machine learning algorithms, as exemplified in studies such as Joshi
et al. (2023), enables the customization of nutrition plans that effectively address specific issues. [13]

The integration of Al with mobile health technologies, exemplified by the Keenoa app, as evaluated by Moyen
et al. 2022, facilitates real-time tracking and assessment of food intake, which provides actionable insights to both
patients and healthcare providers to enable the management of diabetes. [30] The aforementioned tools are made
possible through the use of image recognition and other advanced technologies, thereby making the monitoring of
dietary habits more accessible and accurate. Furthermore, studies such as those by Seethaler and colleagues
(Seethaler, et al., 2022) and Popp and colleagues (Popp, et al., 2022) exemplify the capacity of Al to elucidate the
intricate interconnections between dietary patterns, metabolic health, and individual physiological responses. [23],
[31] This understanding enables the development of more efficacious lifestyle modifications that are tailored to each
individual's unique health profile.

Furthermore, Al-based dietary recommendations are not only based on general dietary guidelines but also
customized to each person's unique health profile. The ability of Al to predict long-term outcomes, as demonstrated
by SAUX et al., (2022), furthermore, it adds value by assisting patients and healthcare providers in setting realistic
goals and tracking progress over time. [32]

The use of Al in clinical decision-making is a growing field of research. It explores how Al can assist
healthcare professionals in making more informed, precise, and customized clinical decisions, which can
significantly improve the quality of care for diabetic patients. For instance, Liu et al. (2020) demonstrated how Al
can discern the intricate relationship between exercise-induced alterations in the gut microbiome and improved
glucose homeostasis, which facilitates the design of efficacious exercise programs. [25] Similarly, Rein et al. (2022)
illustrated the potential of Al in personalizing diets to enhance glycemic control, offering a more nuanced approach
to managing type 2 diabetes. [12] Furthermore, studies such as that by Zou et al. (2024) demonstrate the capacity of
Al-based models to stratify patients based on their risk of diabetes progression, thereby optimizing intervention
strategies. [24] Varga et al. (2021) compared different biomarkers for diabetes prediction, assessing the added value
of Al in risk stratification over traditional methods. [33] Furthermore, machine learning models, such as those
developed by Faruqui et al. (2019) and Oikonomou et al. (2022), enable dynamic forecasting of blood glucose levels
and individualized cardiovascular care of diabetic patients, respectively. This improves the ability to anticipate and
respond to the needs of patients. [16], [33]

These studies collectively highlight the potential of Al in improving clinical decision-making by providing
healthcare professionals with deeper insights and predictive capabilities. Furthermore, Al has the potential to
facilitate the development of more personalized treatment strategies, thereby improving the standard and
effectiveness of diabetes care.

The field of artificial intelligence (Al) in patient engagement and self-management encompasses the utilization
of Al-driven tools and platforms with the objective of improving patient engagement, adherence to care plans, and
effective self-management for diabetes. Studies conducted in this domain demonstrate various innovative
approaches that leverage Al in order to empower patients and personalize their care. As illustrated by Liu et al.
(2020), Al can be used to analyze complex biological and behavioral data in order to provide tailored advice. [25]
One example of such advice is a personalized exercise program that considers changes in gut microbiota, or that
identifies barriers to self-management in individuals with Type 1 Diabetes. This personalized feedback has been
shown to encourage patients to adhere better to their management plans. Similarly, Rein et al. (2022) and Nayak et
al. (2023) demonstrated that Al has the capacity to personalize dietary advice and insulin titration. Al can
accomplish this by offering customized recommendations based on an individual's glycemic response or by
providing voice-based conversational support for insulin management. [12], [34]

The potential to improve patients' ability to make decisions and actively engage in their health management has
been identified as a key area of focus. Tools such as PEPPER Adaptive Bolus Advisor, by Avari et al., 2021, and
Advanced Bolus Calculator for Type 1 Diabetes, by Unsworth et al., 2023, exemplify how Al can aid in informed
and adaptive treatment decision-making, thereby supporting better glycemic outcomes. [17], [35] Furthermore, a
system integrating an intelligent dietary management program and continuous glucose monitoring by Park et al.
2020 offers users actionable real-time insights, encouraging a proactive approach to diabetes self-management. In
essence, Domain 8 reflects a shift towards more engaging and personalized diabetes care, in which Al tools not only
inform and guide patients but also adapt to their individual needs and preferences, thus promoting improved health
outcomes through increased engagement and self-management. [36]

4. CONCLUSION

The incorporation of Al into diabetes care represents a significant transformative shift, offering patients
personalized, efficient, and proactive solutions. This review identifies eight key domains in which Al-driven
diabetes management has been shown to improve, enhancing the accuracy and efficiency of healthcare. Al
empowers patients with superior self-management tools and deepens the understanding of diabetes as a complex
condition. Therefore, this review makes the following recommendations: (1) there should be investment in research,
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development, and large-scale implementation studies to successfully integrate Al into healthcare. 2) It is of the
utmost importance to ensure the robust protection of data and the confidentiality of individuals' information, which
necessitates the establishment of standardized procedures for the handling of data. 3) Interdisciplinary collaboration
is vital, involving healthcare professionals, Al researchers, and policy makers in the development of Al tools that are
user-friendly, clinically relevant, and aligned with healthcare policies. 4) Al solutions must be designed with the
specific needs of patients in mind. In addition, regulatory frameworks should be established to oversee ethical
implementation, addressing issues such as algorithmic bias and accountability. It is of paramount importance to
provide education and training for healthcare professionals in order to facilitate the effective integration of Al into
clinical practice and to communicate the benefits and limitations of such technology to patients. It is similarly
crucial to engage in continuous monitoring and evaluation of Al applications in order to identify areas for
improvement, understand the long-term impact of such technology, and adjust strategies accordingly, in response to
the emergence of new data sources and technologies. Furthermore, the study indicated that the integration of Al in
diabetes management has the potential to reduce mortality risk factors by employing a multitude of mechanisms.
These include enhanced glycemic monitoring, the early identification of complications, the tailoring of treatments to
individual patient needs, the management of comorbid conditions, the fostering of patient engagement, and the
implementation of predictive models. To fully leverage the benefits of Al in the context of diabetes management, it
will be essential to maintain ongoing investment in technological advancement, data security and education for
health care providers, while also prioritising patient-centric solutions.
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