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Abstract

Introduction: Diabetes poses a significant global health challenge, impacting patient well-

being and longevity. Despite advances in diagnosis and treatment, the prevalence of diabetes

continues to rise, with projections indicating a substantial increase in affected individuals in

the coming years. The complications of diabetes, including cardiovascular disease,

retinopathy, nephropathy, and neuropathy, underscore the importance of early detection and

management. In this context, artificial intelligence (AI) offers promising opportunities to

revolutionize diabetes care, enabling faster diagnostics, more effective treatment strategies.

Description of the State of Knowledge: Artificial intelligence (AI) has emerged as a

transformative force in healthcare, leveraging machine learning and deep learning algorithms

to analyze vast amounts of medical data. These algorithms enable more accurate diagnosis,

prediction of disease onset, and early detection of complications associated with diabetes.

Machine learning models, including support vector machines and neural networks, have

shown promise in identifying diabetes risk factors and predicting disease progression. Deep

learning techniques, with their ability to analyze complex data patterns, offer further insights

into diabetes diagnosis. Additionally, fuzzy cognitive maps provide a framework for decision-

making based on patient data, enhancing early detection efforts.

Summary: Artificial intelligence holds immense potential to transform diabetes care, offering

solutions for early detection, personalized treatment, and improved patient outcomes. By

harnessing the power of AI algorithms, healthcare providers can enhance diagnostic accuracy,

predict disease progression, and implement targeted interventions.

Keywords: Artificial intelligence, machine learning, deep learning, diabetes
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Introduction

Diabetes represents a serious public health problem and significantly impacts the

functioning and quality of life of patients, leading to increased morbidity and ultimately

premature death [1]. Despite progress in diagnosis, treatment, and extending life expectancy

in recent years, in 2021 alone, 537 million people worldwide were living with diabetes [2].

According to the International Diabetes Federation (IDF), the number of people with diabetes

is expected to increase significantly in the coming years. Forecasts suggest that by 2030, there

will be 643 million individuals affected, and by 2045, the number will rise to 783 million

globally [3]. Diabetes is a metabolic disease characterized by elevated blood glucose levels,

leading to the development of numerous macrovascular and microvascular complications

[4,5]. Typical symptoms of diabetes include polyuria, excessive thirst, and unexplained

weight loss [13]. Major consequences associated with prolonged elevated serum glucose

levels include coronary heart disease (CHD), stroke, peripheral arterial disease (PAD), heart

failure (HF), diabetic retinopathy (DR), diabetic nephropathy, and cardiac autonomic

neuropathy (CAN) [5]. Cardiovascular disease (CVD) is the leading cause of morbidity and

mortality in individuals with diabetes, occurring approximately 15 years earlier than in

healthy individuals. Therefore, appropriate diagnosis, glycemic control, and diabetes

treatment are fundamental in preventing disease complications and prolonging patients' lives

[5]. The recent development of artificial intelligence (AI) has enabled significant progress in

medical data analysis. By utilizing machine learning and deep learning, AI algorithms allow

for better and more accurate analysis of medical data generated by patients with diabetes

compared to human capabilities [6]. The application of artificial intelligence in diabetes

diagnosis can increase the effectiveness of screening tests and enable earlier diagnosis,

leading to targeted therapy implementation [7]. Implementing appropriate AI algorithms into

closed-loop insulin delivery systems can result in fewer fluctuations in glucose levels,

reducing morbidity, mortality, and improving patients' quality of life [6, 7]. Artificial

intelligence technology can also be utilized for predicting and diagnosing diabetes

complications, including retinopathy, neuropathy, and diabetic nephropathy [7].
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Description of the state of knowledge

1.1. Artificial intelligence (AI) in medicine

Artificial Intelligence (AI) is a new and rapidly evolving field with the potential to

transform many areas of society, including healthcare [8]. It refers to the development of

computer systems capable of performing tasks that typically require human intelligence,

utilizing machine learning (ML), deep learning (DL), and appropriate algorithms, AI enables

faster diagnostics, more effective treatment, earlier detection of complications, and more

efficient patient monitoring [9]. This technology is used to analyze large amounts of patient

data and identify trends and patterns that may be difficult for physicians to detect, helping

doctors manage their time more effectively and provide better care to their patients [8]. AI has

created new medical possibilities and transformed diagnostic and therapeutic practices,

allowing for greater treatment availability and optimization, cost reduction, and improved

healthcare. Significant advancements and improvements in disease diagnostics and early

intervention have been made through algorithms generated by artificial intelligence for

clinical decision support systems and disease prediction. Artificial intelligence has also found

application in clinical trials of new drugs, improving research on drug efficacy, interactions,

and adverse effects [9]. The use of artificial intelligence in medicine is continually growing,

with at least 29 AI algorithms and medical devices approved by the Food and Drug

Administration (FDA) in various medical areas [10]. AI-based medical technologies are

rapidly evolving towards suitable solutions for clinical practice. Deep learning algorithms

excel in processing increasing amounts of medical data, making them applicable in an

increasing number of medical specialities (Table 1) [11].
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1.2. Artificial intelligence in early detection of diabetes

Typical clinical symptoms of diabetes include increased thirst, polyuria (excessive

urination), unintended weight loss, fatigue, blurred vision, and slow wound healing. However,

in the early stages of the disease, most patients may not exhibit any symptoms, which poses

diagnostic challenges. At this stage, diagnosis often occurs during routine blood tests,

revealing prolonged asymptomatic hyperglycemia and the consequent development of

complications [14]. Therefore, it is important to predict and diagnose diabetes early to avoid
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its negative consequences. To achieve this, the current technological advancements and the

development of artificial intelligence can be utilized [15].

1.2.1. Machine Learning (ML)

It turns out that the use of machine learning can be a promising tool to increase the

predictive efficiency of previously used standard statistical tools [16]. Among the methods

and algorithms of machine learning that have been applied in diabetes diagnosis are support

vector machine (SVM), artificial neural network, decision tree, naive Bayes classifier, random

forest, k-nearest neighbors, and classification and regression trees (C&RT) models. These

machine learning processes are used to determine diabetes risk factors, identify patients with

diabetes, and automate screening tests that assess blood glucose variability. Additionally,

appropriate algorithms can help identify individuals at high risk of diabetes based on genetic

and metabolic factors [18]. To date, many large cohort studies have been conducted,

attempting to create appropriate models for predicting the onset of diabetes using known risk

factors for the disease [16]. Abbasi et al. utilized statistical models such as Cox proportional

hazards model, logistic regression, and Weibull distribution analysis to predict the onset of

diabetes in healthy individuals over 5 to 10 years. In this study, the accuracy of predicting

newly diagnosed diabetes over 5 to 10 years ranged from 0.74 to 0.94 in the C-index [17].

Zou et al., using the random forest method, demonstrated an accuracy of predicting newly

diagnosed diabetes in hospitalized patients at a level of 0.81. Choi et al., using logistic

regression, reported an area under the curve (AUC) of 0.78 for developing diabetes within 5

years. In other cohort studies and those using electronic medical records to predict diabetes,

AUC values in the range of 0.84 to 0.87 were obtained [16]. Table 2 presents a comparison of

some studies using machine learning in predicting diabetes.
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1.2.2. Deep learning (DL)

In diabetes diagnosis, models based on deep learning are also utilized. The

fundamental difference between machine learning and deep learning lies in the quantity and

process of analyzing hidden layers of data [19]. While machine learning models typically

consist of an input layer, three hidden layers, and an output layer, algorithms employing deep

learning can process even hundreds of hidden layers [19, 20]. Moreover, deep learning

algorithms use the output data obtained from one layer as the input data for the next layer [20].

Deep learning techniques have found application in diabetes diagnosis by analyzing relevant

input data obtained during non-invasive body measurements [19, 21].

1.2.3. Fuzzy Cognitive Maps (FCM)

Fuzzy Cognitive Maps (FCM) are artificial intelligence algorithms that, by analyzing

patient data, can be helpful in making medical decisions. FCMs utilize patient information

such as medical history, test results, and symptoms to visually represent the relationships

between different variables. They can operate on large datasets, identifying relevant patterns

and correlations to assist in disease diagnosis. As FCM modeling techniques continue to

evolve, their role in medicine is expected to grow further [22]. In studies conducted by Giles

et al., the application of fuzzy cognitive maps was demonstrated in detecting diabetes risk

factors [23]. In other research, FCMs were used to develop a diabetes prediction system based

on risk factors and disease symptoms. Additionally, a fuzzy cognitive map model was

developed for early diabetes detection using socio-demographic and clinical information. The

results obtained during the study showed promising model effectiveness, with an accuracy of

95%, sensitivity of 96%, and specificity of 94% [24].

1.3. The application of artificial intelligence in diagnosing diabetes complications.

Diabetes is a chronic condition that, when poorly controlled, can lead to various

complications in the body. To prevent these complications, it is important to maintain proper

blood sugar levels and undergo appropriate screening tests for early detection. Significant

advancements in artificial intelligence in recent years have led to the application of new

technology in various fields of medicine, including the early detection of diabetes

complications [32]. Suitable AI algorithms and methods have been utilized, among others, in

the diagnosis of diabetic retinopathy, diabetic foot, and diabetic nephropathy [7].
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1.3.1 Diabetic Retinopathy (DR)

Diabetic Retinopathy (DR) is the most common and specific complication of diabetes

and the leading cause of blindness among adults, which is largely preventable. Over the past

20 years, the prevalence of vision loss related to DR has increased to 19%, making it crucial

to develop appropriate methods to reduce its occurrence frequency [33]. Current screening

studies used in early DR diagnosis require significant time investments to keep pace with the

growing number of diabetic patients. Artificial intelligence has been shown to potentially

reduce specialists' involvement in detecting DR [34]. In recent years, the application of AI has

significantly advanced in diagnosing diabetic retinopathy, with numerous algorithms being

developed using publicly available Kaggle data containing 100,000 retinal images obtained

during screening studies [7]. It is estimated that utilizing these algorithms for rapid diagnosis

during routine examinations in primary care, by specialists, and even in pharmacies could

prevent vision loss due to the development of diabetic retinopathy [7]. Current AI-based

models are used for screening examinations, where the fundus image is analyzed, and

automatic assessment of whether the patient has diabetic retinopathy is made. An example of

this technology is the IDx-DR diagnostic system developed by Digital Diagnostics Inc [16].

In 2018, the U.S. Food and Drug Administration (FDA) approved the IDx platform for

diagnosing DR due to its high diagnostic efficacy in clinical trials [10, 16]. It was the first

autonomous artificial intelligence-based system to receive FDA authorization in the field of

medicine [7]. The device utilizes algorithms developed using deep learning (DL) to

autonomously diagnose diabetic retinopathy based on retinal images, without requiring

specialist confirmation. Subsequently, the system assesses the image and classifies patients

who require further examination by an ophthalmologist. If the image is normal, the algorithm

recommends a repeat examination in 12 months [7, 10, 16]. In 2020, the FDA approved

another diagnostic system for autonomous diabetic retinopathy diagnosis - EyeArt. In clinical

trials of various commercial programs, including IDx-DR and EyeArt, the algorithms

demonstrated sensitivity and specificity exceeding 90% in detecting DR. However, recent

real-world studies have shown poorer results, indicating that the algorithms still need

refinement [7].

1.3.2. Diabetic Nephropathy (DN)

Diabetic Nephropathy (DN) is a clinical syndrome characterized by the presence of

albuminuria and progressive deterioration of kidney function [7, 35]. Uncontrolled

progression of nephropathy can ultimately lead to end-stage renal disease (ESRD), which may
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necessitate hemodialysis or kidney transplantation [7]. Therefore, it is crucial to detect the

disease at an early stage to initiate appropriate treatment and halt further progression of

kidney failure [35].

Risk factors for DN have been identified based on clinical data and demographic information

on existing comorbidities, including dyslipidemia, hypertension, hyperglycemia, and smoking

[7, 35]. Although the use of traditional methods in identifying risk factors may be useful,

there is still a need to identify patients with a high risk of developing diabetic nephropathy

based on their clinical data [7]. A useful indicator of the degree of diabetic nephropathy

advancement is the presence of microalbuminuria. However, since many patients do not

regularly undergo screening tests for albumin in the urine, models capable of detecting DN

without this result may be valuable [7, 35].

In 2021, studies were conducted on the use of artificial intelligence (AI) to predict the

progression of diabetic kidney disease (DKD) and compare this method with traditional

clinical models. The KidneyIntelX system, which utilizes machine learning in the analysis of

electronic health record (EHR) data and three blood biomarkers (TNFR1, TNFR2, KIM-1),

was applied for this purpose. The study showed that KidneyIntelX™ outperforms standard

clinical models, including KDIGO guidelines, in terms of predicting DKD progression

accuracy [36].

In another study, the ability of AI to diagnose diabetic nephropathy based on

immunofluorescence images was evaluated. Kidney biopsies were performed on 855 patients,

and a dataset containing six types of immunofluorescence images was created. These images

were then analyzed using artificial intelligence, focusing on assessing changes observed

within the renal glomeruli. Compared to nephrologists, AI results were slightly better,

suggesting that artificial intelligence may be effective in diagnosing DN based on

immunofluorescence images [37].

Furthermore, artificial intelligence has also been applied to predict end-stage renal disease

(ESRD) in patients with type 2 diabetes and nephropathy. Machine learning models, based on

demographic and clinical features, were able to predict ESRD with an AUC of 0.84. To

predict the occurrence of end-stage renal failure, the models primarily utilized the urinary

albumin-to-creatinine ratio, as well as serum levels of albumin, uric acid, and creatinine [38].
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1.3.3. Diabetic Foot Syndrome (DFS)

Diabetic Foot Ulceration (DFU) is one of the most severe complications in individuals

with diabetes and often leads to limb amputation. Furthermore, the 5-year mortality rate

among patients after amputation exceeds 50%. Hence, swift diagnosis and assessment of

amputation risk are crucial to enhance patients' quality of life and reduce mortality rates.

Currently employed machine learning algorithms can diagnose and localize diabetic foot

ulcers based on images of the feet taken by patients. Relevant applications have been

developed to assess whether an image provided by a patient exhibits features of diabetic foot

ulcers. This is particularly useful for patients with visual impairment or limited access to

specialists. In a retrospective hospital-based study, Stefanopoulos et al. identified risk factors

that may lead to the development of diabetic foot ulcers. Using machine learning, they

developed an algorithm capable of predicting the development of diabetic foot ulcers with an

accuracy of up to 79.8%. In another study, machine learning algorithms (LightGBM and

SHAP) were utilized to create a model for assessing the likelihood of amputation above the

ankle, below the ankle, or abstaining from amputation. The study involved a total of 618

hospitalized patients, yielding satisfactory results in predicting the need for amputation.

Summary

Artificial intelligence (AI) is becoming an integral part of healthcare, with the

potential not only to revolutionize disease diagnosis but also in the approach to

comprehensive healthcare. The increasing number of scientific articles conducting research

using AI in medicine creates opportunities for this technology to be more frequently and

successfully utilized in practice. The ability of artificial intelligence to quickly analyze vast

amounts of data allows for early disease detection, contributing to improved treatment

outcomes. By using appropriate algorithms based on AI, it is possible to accurately analyze

medical images, such as X-rays or magnetic resonance imaging, enabling the identification of

even the smallest anomalies that could be overlooked by the human eye. This, in turn, leads to

faster diagnosis and the initiation of appropriate treatment. Additionally, through the

integration and analysis of patient data, AI can help identify patterns that may predict disease

risk and prognosis. This opens the door to personalized treatment approaches, where therapies

are tailored to individual patient characteristics, increasing treatment efficacy while

minimizing side effects. The introduction of artificial intelligence (AI) into medicine,

especially in the context of diabetes, opens up new possibilities in early diagnosis and

predicting complications of the disease. Research findings suggest that through the
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application of machine learning and deep learning, AI can assist in analyzing medical data,

identifying risk factors for disease onset, and predicting complications. Developed algorithms

based on AI technology can be used to expedite the diagnosis of diabetic retinopathy,

nephropathy, and other diabetes complications, which is crucial in preventing further disease

progression. Despite certain challenges, such as a lack of trust in automated algorithms or the

need to adapt models to different patient populations, it is expected that AI-based methods for

predicting and diagnosing diabetes complications will be widely used in the future.
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