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Summary 

Modern technologies are increasingly being used in medicine. The following review focuses on 

their application in the treatment of type 2 diabetes, with a special focus on the elderly. The 

cornerstone of therapy is regular glucose measurement, which until now has relied mainly on self-

monitoring. In contrast, continuous glycemic monitoring systems are increasingly being used. App-

linked devices significantly improve a patient's quality of life, but advanced technology can be 

difficult for older patients. Another aspect of diabetes treatment is diet. Maintaining a diet can also 

be facilitated by apps and artificial intelligence (AI). The advantages of technologies such as voice-

based AI and mHealth include ease of accessibility, effective therapy control, and reduced 

healthcare costs. This is especially important in older patients with multimorbidity and a difficult 

disease course. However, it is crucial to educate older patients and their caregivers to implement 
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these solutions into daily therapy. Support from doctors, families, and interface customization will 

make them easier to use. AI-based systems will soon be a mainstay of diabetes therapy. 

Keywords: artificial intelligence, telemedicine, diabetes mellitus, elderly, treatment 

 

Introduction 

 

The average human lifespan has doubled over the last two hundred years. The number of 

elderly people in society is growing, and so is the incidence of various chronic diseases, including 

diabetes [1]. Diabetes mellitus (DM) is a metabolic disease caused by genetic and environmental 

factors [2]. According to data from the National Institute of Diabetes and Digestive and Kidney 

Diseases in the USA, currently, about 24 million people suffer from DM. Such a vast number of 

patients with DM is associated with colossal expenses – every year over 245 billion USD [3].  

Diabetes in the elderly is a widespread phenomenon, and the increase in this has led to a 

better understanding of the care of people with DM and the basis of their treatment. In 40 years, 

the global population of people over 65 will double. The increase in the number of elderly people 

and the increase in the incidence of DM in people of geriatric age are associated with impaired 

cognitive and physical functions [4]. 

Type 2 diabetes mellitus (T2DM) carries a risk of premature death, which is about 15%, 

and the average life expectancy is shorter by about 20 years. Unfortunately, the predictions are not 

optimistic; according to the latest estimates, by 2050, the number of people with diabetes 

worldwide may reach 1.31 billion [5]. This problem is a massive challenge for public health, and 

in particular for the elderly population, who are most often affected by T2DM. The development 

of future health care should include advances in healthcare services and technology, or computer 

science, as well as information technology [4,5]. The growing availability of medical data enables 
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the development of advanced technological solutions in health care [3]. Patients with T2DM often 

face challenges in maintaining self-discipline, adhering to medication regimens, and adopting 

necessary lifestyle changes [3,4]. Recent advances in artificial intelligence (AI) and digital health 

technologies have significantly improved the management of diabetes in elderly populations. These 

modern innovations not only enhance the effectiveness of care but also contribute to a reduction in 

T2DM-related healthcare costs [6]. 

Digital health technologies can help reduce the burden of diabetes and support people 

struggling with DM [6]. Such technology will introduce better DM prevention strategies in risk 

groups, especially among the elderly. Digital health technologies also have the invaluable 

advantage of providing real-time information and can promote patient self-management, which 

contributes to saving both doctors and patients time and money [4-6]. Several technological tools 

designed to support diabetes management in the elderly have been available on the market for many 

years. Mechanical aids like age-appropriate insulin pens and age-appropriate blood glucose meters 

are used worldwide. There are also some electronic aids, such as pillboxes which remind the 

patients when to take the medication, digital aids, PC programs, or apps [7]. AI is an ideal way to 

facilitate the entire process related to DM from screening, prediction and diagnosis, to treatment or 

management of comorbidities. Such an approach to DM aims to enable the introduction of earlier, 

more targeted therapies, predict complications, and reduce the percentage of morbidity and 

mortality. The use of AI aims to improve the quality of life of patients, especially the elderly [3]. 

AI should be used to collect, assemble, and analyze many types of genetic, genomic, physiological, 

biomarker, environmental, and behavioral data and thus help in better analysis of DM [3]. The 

effective use of data enhances diabetes management and contributes to improved quality of life for 

patients with diabetes [2,4,7]. In this article, the authors focus on showing how important AI is 
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becoming in treatment of diabetes, especially among the geriatric population. However, this group 

may find limitations in therapy because of new technologies. Smart devices often evoke resistance 

among the geriatric population, primarily due to a lack of familiarity and formal education in their 

use. Gradually introducing elderly patients to the digital world remains a significant challenge for 

both healthcare professionals and family caregivers.  

 

Aim of the work 

 

This review aims to explore the role of modern technologies in the monitoring and treatment 

of T2DM in elderly patients, with a focus on their potential to become standard practice in future 

clinical care. 

 

Methods  

 

A computer search of PubMed and Google Scholar was conducted and traced back to 

references included from 2020 to March 2025 to identify suitable literature. Article selection was 

conducted in March and April 2025. Database search filters were applied based on year of 

publication, text availability, and article type. Inclusion criteria were limited to studies published 

in English, focused on adult and elderly populations, and being freely accessible. Studies involving 

pediatric patients, those behind paywalls, and case reports were excluded. The literature search was 

conducted using combinations of the following MeSH terms: 'diabetes mellitus', 'type 2 diabetes 

mellitus', 'elderly', 'artificial intelligence', 'continuous glucose monitoring', 'diet', 'gut microbiota', 

'treatment', and 'disease'. Additional relevant publications were identified by screening the 
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reference lists of the initially retrieved articles. The selection primarily included review articles, 

randomized clinical trials, protocols, and clinical guidelines. Reference lists were manually 

reviewed, resulting in a total of 47 sources included in the review. The selection process followed 

the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) framework 

to ensure transparency and methodological rigor, as shown in Figure 1. 

 

 

Figure 1. Diagram of search results using PRISMA  

Notes: n – number of records used. 
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Literature review results 

 

Blood glucose monitoring technologies  

 

Traditional methods vs. modern systems 

 

Glucose testing allows for the effective treatment of diabetes. The traditional self-

monitoring blood glucose (SMBG) method involves drawing capillary blood and analyzing it in a 

glucometer. Regular monitoring helps prevent hypoglycemia, especially before physical activity 

or in potentially dangerous situations, such as driving a car. In addition, patients need to check 

blood glucose before meals, one and two hours after, and before bedtime. Such procedures, 

especially in the elderly, require good patient education about the disease [8]. For this reason, a 

Continuous Glucose Monitoring (CGM) system is increasingly being chosen. The system consists 

of a sensor placed on or under the skin that measures glucose levels in the interstitial fluid every 

few minutes and sends the data to an app. In Poland, the use of this technology for glycated 

hemoglobin (HbA1c) control is recommended for people over 25 years of age with type 1 diabetes 

with intensive insulin therapy. Studies confirm the effectiveness of CGM in terms of glycemic 

control and HbA1c levels. The use of this system, compared to SMBG, was significantly less 

frequently associated with severe hypoglycemia and macrovascular complications [9,10]. A recent 

umbrella review demonstrated that continuous glucose monitoring is more effective than SMBG 

in the management of T2DM. CGM use was associated with a greater reduction in gHbA1c, an 

increase in Time-In-Range (TIR), and a decrease in Time-Above-Range (TAR), indicating 
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improved overall glycemic control [11]. Additionally, CGM contributed to enhanced quality of life 

by reducing anxiety related to hypoglycemic episodes [12]. 

There are two systems for reading blood glucose. In real-time CGM (rtCGM), the app or 

reader shows the result obtained in the last reading (usually every few minutes). Data is also 

transmitted all the time, but to check the present blood glucose, you have to pass the device over 

the sensor [13]. The companies on the market vary mainly in price, and their mean absolute relative 

difference (MARD) is usually at 8-9% [14-16]. 

 

Benefits and limitations of CGM use in seniors 

 

Hypoglycemia is one of the most dangerous side effects of insulin and the drugs that cause 

its levels to rise. CGM applications effectively prevent these conditions by alerting the patient and 

predicting the glycemia-trend line. Another advantage is greater ease of use. They do not require 

as many punctures as SMBGs, and the sensor is replaced every 7 to 14 days. However, some 

devices require regular calibration [17]. The next plus is that these systems improve the 

effectiveness of therapy, and the medical team and the patient's caregivers have a continuous 

overview of glycemia. This is especially helpful for older people with dementia or other 

neurological diseases, improving the quality of life for patients and their families [13]. Indications 

are that the life expectancy of patients using CGMs is likely to be prolonged; moreover, this 

innovation may reduce healthcare costs [17]. In Poland, this system is partially reimbursed. 

However, despite the support from the state, it is a significant expense for the pensioner. 

Additionally, dermatological conditions common in older age—including fragile skin, allergies, 

and chronic irritation—can interfere with the accuracy and stability of CGM systems. Another 
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limitation for older patients is the advanced technology, which not every one of them can 

understand. In this case, the support of the family is crucial for this device to be fully effective [13].  

 

New developments in the technology market 

 

Recent advancements have sparked growing interest in non-invasive methods of glucose 

monitoring, including the analysis of sweat, saliva, and tears. Innovative sensors are being 

developed in the form of hydrogel patches that can detect glucose levels from areas of high sweat 

gland density. These systems are painless and do not require skin pricking or induced sweating. 

Notably, glucose concentrations in sweat have been shown to correlate with blood glucose levels 

[18]. Some sensors are capable of generating reliable readings from as little as 1 µL of sweat. 

Furthermore, certain patches have been engineered to release metformin transdermally in response 

to detected glucose levels, allowing for responsive treatment during hypo- or hyperglycemic states 

[19,20]. Glucose detection in these systems is typically based on glucose oxidase, which produces 

an electrical signal proportional to glucose concentration. Similar technology is being applied to 

saliva-based glucose monitoring using disposable enzymatic films coated with glucose oxidase. 

However, these devices do not continuously transmit data to external applications, limiting their 

real-time utility [21]. Another promising avenue involves glucose monitoring via tear fluid, using 

smart contact lenses. These lenses analyze basal (constitutive) tear secretion, although emotional 

or reflex tearing may interfere with result accuracy [22]. Despite their promise, each of these 

alternative methods faces significant limitations. The biochemical composition of sweat, saliva, 

and tears can be influenced by diet, hydration status, and lifestyle factors. Additionally, glucose 

levels in these fluids tend to lag behind changes in blood glucose, which may reduce the reliability 
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of real-time monitoring. Consequently, further validation and clinical studies are required before 

these technologies can be integrated into routine T2DM care. 

 

Personalizing dietary treatment 

 

Importance of diet in the management of T2DM in the elderly 

 

The European Society of Clinical Nutrition and Metabolism recommends an energy intake 

of about 30 kcal/kg body weight/day for the elderly to prevent frailty and mortality [23]. However, 

reduced energy intake in elderly patients with DM may lead to a decrease in their BMI. 

Malnutrition in elderly people with diabetes is a serious problem, the risk of malnutrition or the 

prevalence of malnutrition in such patients is greater than 50% [24]. Brain function is also impaired, 

and cognitive functions deteriorate or are lost. It is worth emphasizing that unintentional weight 

loss in elderly patients with diabetes is a diagnostic criterion for frailty. However, intentional 

weight loss associated with lifestyle changes can play an important role in improving physical 

fitness [4,24,25]. When choosing the most appropriate diet for a senior suffering from DM, their 

overall health, capabilities, and willingness to make changes should be taken into account [26]. 

Older adults with diabetes should monitor several risk factors to help prevent cognitive 

decline, frailty, and increased mortality. Negative prognostic indicators include a body mass index 

(BMI) ≥ 30 kg/m², BMI < 18.5 kg/m², weight gain exceeding 10%, unintentional weight loss, the 

presence of metabolic syndrome in individuals under 75 years of age, sarcopenic obesity, and 

malnutrition [4,27]. The World Health Organization guidelines recommend a Mediterranean-like 

or healthy diet, which is balanced, includes sufficient amounts of fruits, vegetables, legumes, nuts, 
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and whole grains, as well as reduced amounts of sugar, fat, and salt [28]. Adherence to a 

Mediterranean diet in patients aged ≥65 years is associated with low all-cause mortality [4,28]. A 

healthy dietary pattern is a diet that includes a high intake of portions of fruits, vegetables, and 

whole grains and a low intake of meat, refined grains, sugar, and snacks [28]. A Mediterranean diet 

or a broadly defined healthy diet should be recommended to older patients with DM to reduce the 

risk of frailty and cognitive impairment. Such a diet can reduce the risk of frailty by up to 60% in 

people aged ≥65 years [29]. 

 

Use of modern tools in diet therapy 

  

Diet is challenging for patients struggling with diabetes. Increasingly, working on proper 

eating habits is being facilitated by mobile apps. Users enter products, weights, and meal times, 

and the app counts the calories, the amount of carbohydrates, proteins, fats, micro- and 

macronutrients, etc. Such apps help maintain self-control and make patients aware of the real value 

of their meals. Moreover, in a study lasting six months on about 150 people (mean age 53) using 

these apps, with integrated medical records and continuous blood glucose measurements, a 

decrease in HbA1c was achieved, especially in patients under 65 years of age. Patients receiving 

standard care had similar results, but the best-performing group was the one that received 

personalized guidance from doctors. Patients were satisfied with the app, although a decrease in 

treatment effectiveness over time was noted [30]. However, for widely available systems to be 

entirely convenient for diabetics, they must include a protein-fat converter, carbohydrate-exchange 

content, and bolus calculator [31].  
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AI has the potential to significantly enhance the personalization of dietary advice for 

patients with diabetes. In one study, AI-based chatbots were evaluated for their ability to provide 

nutrition guidance, and the majority of dietitians involved responded positively to their usefulness. 

However, nearly 90% of patient interactions were found to require improvement, indicating that 

current systems are not yet fully optimized [32]. Despite these limitations, AI is expected to become 

an effective tool for managing the diet and lifestyle of diabetic patients in the future. Its strengths 

lie in the ability to generate individualized meal plans, continuously synchronize dietary 

recommendations with real-time blood glucose data, and suggest healthier food alternatives [33]. 

Nevertheless, the successful adoption of such systems, particularly among older adults, depends on 

patient awareness and digital literacy. It is essential to educate elderly individuals on both the 

importance of dietary management in diabetes and the practical use of digital health applications. 

Trust in the technology is crucial, as is the understanding that these tools are meant to complement, 

not replace, traditional medical care and human oversight [31-33]. 

 

Unique challenges in the elderly  

 

In elderly people with diabetes, a screening of cognitive performance should be performed 

once a year using a validated method. Activating the body and encouraging physical activity should 

be encouraged within the existing physical abilities of an elderly person with diabetes and 

dementia. People with T2DM have an increased risk of developing dementia in old age compared 

to people without diabetes. The onset of dementia negatively affects frailty, worsens metabolic 

control, and is associated with an increased risk of hypoglycemia [4]. Using technology, especially 

with T2DM, is often a challenge for older people [7]. 
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Cognitive impairment and dementia are associated with DM, resulting in impaired 

attention, verbal memory, information processing, and executive functions [4]. Alzheimer's disease 

in patients with diabetes will develop in as many as 50% of patients [4,7]. Older people with T2DM 

often also suffer from many other chronic diseases and face various impairments in cognitive, 

functional, and motor skills [26]. Such patients often struggle with neurocognitive problems, which 

limit their ability to self-control their blood glucose levels and respond to hyperglycemia and 

hypoglycemia [34]. In addition, socioeconomic changes have led to an increase in obesity 

manifested as sarcopenic obesity in older people with T2DM [4,35]. It is very important to develop 

a care strategy for older patients with T2DM that includes most of the complex and heterogeneous 

features of this age group. Such a strategy should be based on the distinctive habits typically 

associated with the lifestyle, socioeconomic factors, and support systems of people struggling with 

T2DM [26].  

In an aging society, ensuring accessible technological solutions for older adults is 

increasingly demanding, particularly within the healthcare sector. However, elderly individuals 

often face significant challenges in understanding and adapting to these technologies. Common 

barriers include physical limitations (e.g. impaired vision, hearing loss, joint stiffness, and reduced 

dexterity), socioeconomic constraints, and cognitive decline [36]. Devices with complex interfaces, 

excessive icons, or data overload can be especially difficult for this population to navigate. 

Moreover, literature highlights broader disparities in access to modern health technologies. Older 

adults from ethnic and racial minority groups, those with lower levels of education, and individuals 

with limited financial resources are disproportionately affected [37]. In addition, limited Internet 

access in some populations may exclude certain elderly patients from benefiting from these 

technologies altogether. These inequities pose a major challenge to equitable healthcare delivery. 
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One of the most pressing issues remains expanding access to digital health solutions for 

marginalized and socially stigmatized populations [38]. 

However, appropriate preparation for seniors and help in understanding technology can 

greatly help them increase their acceptance and trust in such solutions and increase their 

independence. A good form of education and persuading older people to use technology could be 

the gradual introduction of solutions and presentation of special training programs that can show 

the advantages of using these issues in a friendly way [39]. 

Eliminating technological barriers requires an interdisciplinary approach, adapting devices 

to seniors' needs, supporting caregivers, and showing that such technologies are safe and can help 

in everyday functioning [40]. Such an approach could be promoted by Universities of the Third 

Age by creating new educational programs aimed specifically at older people, who are often 

unwell. 

Physicians, nurses, and dietitians can facilitate the implementation of modern technologies 

and personalization of diet therapy in clinical practice among seniors who suffer from T2DM. It is 

the doctor, mostly a geriatrician, who plays a key role in the entire path of diabetes diagnostics. 

Continuous monitoring of the patient's health, medical interventions when necessary, and adapting 

pharmacological therapies to the individual needs of patients are steps that cannot be omitted in the 

process of treating T2DM. Dietitians play a key role in designing individualized meal plans aimed 

at optimizing blood glucose control. Nurses, on the other hand, are central to patient education 

regarding the use of technological tools, such as glucose monitoring applications and insulin 

titration devices. They provide daily support in diabetes self-management and help patients 

understand the value of technology-based interventions tailored to their specific needs. Digital tools 

facilitate real-time monitoring of insulin dosing, dietary adherence, and treatment effectiveness, 
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enabling timely adjustments to therapy. Regular monitoring of patient progress is essential for 

personalizing treatment strategies. However, effective implementation of these technologies 

requires that healthcare professionals are adequately trained in their use. This need extends beyond 

physicians and nurses to include caregivers, family members, and staff in long-term care facilities. 

One of the key systemic barriers is the limited time allocated for patient visits—often just 20 

minutes, which constrains opportunities for comprehensive education. Additionally, the 

administrative burden of medical documentation further limits healthcare providers' capacity to 

deliver personalized instruction [37]. To ensure the successful integration of digital innovations in 

diabetes care, it is therefore essential to support both patients and their caregivers through targeted 

training, ongoing guidance, and user-friendly systems. Doctors can recommend several free apps 

that may help elderly individuals with T2DM to manage their condition. Popular options include 

apps which offer features for tracking blood glucose levels, insulin doses, food intake, and physical 

activity.  

 

Review of the latest research on technologies in the treatment of T2DM 

 

Diabetes treatment is associated with lifelong treatment, thus AI virtual assistants are an 

ideal solution to help control the patient's health [6]. Several companies, such as Onduo, Virta, 

Wellpepper, and Accolade, are involved in the creation and development of virtual patient 

coaching. These modern technologies use AI functions to recognize food, act as a glucose sensor, 

and monitor physical activity and then send patients recommendations tailored to their individual 

needs. DayTwo is a system that, based on the patient's intestinal microbiome, can send precise 

proposals for nutritional recommendations after its thorough analysis. This system selects meals 
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from a huge database of over 100,000 food products, the aim of which is to maintain the appropriate 

glycemia range [41]. Advisor Pro, created by DreaMed Diabetes, is a system that monitors the 

patient's glucose level continuously and then sends this data to the cloud, which allows for remote 

determination and proposal of appropriate insulin doses [42]. BlueStar is a T2DM management 

app that is a good way to monitor and get information constantly, thus reducing live consultations 

[43]. Currently, there are several CGM devices on the market, which include devices with sensors 

(minimally invasive or non-invasive), transmitters transmitting sensor readings, and receivers 

receiving data from the sensor; such devices have software that constantly analyzes the patient's 

data. Data from the sensor is transmitted and analyzed on the smartphone in combination with 

personal health records. Thanks to this, the appropriate insulin dose can be quickly selected [6]. 

AI can predict the risk of diabetes early enough and also classify it; thanks to machine 

learning (ML), a predictive model was created that identifies the symptoms of DM even before its 

occurrence. Unfortunately, the current methods of treating diabetes are not yet able to stop the 

course of the disease and prevent its development, nor are they able to stop the chronic 

complications of diabetes [6]. The continuous development of technology, along with the 

improvement of classification systems, can be tools for recognizing and identifying people at risk 

and predicting complications [6]. 

In the era of ubiquitous Internet and easy access to it, Mobile Health (mHealth) is an excellent 

way to promote and popularize behaviors related to self-control in people with T2DM. AI-based 

methods are becoming increasingly used in the treatment of diabetes, as well as in predicting blood 

glucose levels or monitoring drug doses. Such applications can be with the patient all the time and 

thus provide answers to questions about the disease in real-time. Patients can be calmer because 

they can check their blood glucose levels, medications taken, or eating patterns at any time, which 
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means the period of waiting for an answer from the doctor does not cause them additional stress. 

Moreover, mHealth eliminates the problem related to the distance between the patient and the 

doctor, removes time constraints, and reduces healthcare costs. mHealth supports its users with 

T2DM in the process of changing their lifestyle and striving to improve HbA1c [44]. 

Mobile applications and remote monitoring devices provide many options that can help 

T2DM patients manage their insulin titration independently. Using voice-based conversational AI 

(VBAI) to improve usability, convenience, and accessibility, older patients can take care of their 

health and maintain proper blood glucose levels on their own. VBAI for self-titrating insulin is a 

solution that, thanks to its effectiveness and safety of use, can bring many benefits, especially 

among seniors. However, it is important to ensure that patients follow the dosing instructions. You 

do not even need a smartphone to use VBAI; it is installed on a smart speaker, thus it can support 

users in the comfort of their homes. VBAI is constantly based on many algorithms and emergency 

protocols related to hypoglycemia and hyperglycemia. It is worth noting that digital health tools 

are effective and safe and can be used to titrate medications, and voice interfaces in this technology 

help older patients whose level of digital competence is low [43,45]. 

AI-READI is a data generation project that focuses on T2DM. It aims to show how AI and 

ML are related to salutogenic (the path from T2DM to health). The dataset that was generated by 

AI-READI is multimodal as T2DM is a multifactorial and multisystemic disease. A 

multidisciplinary team of researchers, known as the AI-READI team, has developed a protocol to 

collect data across multiple health domains related to T2DM, examining both its impact on various 

health outcomes and how those domains, in turn, influence diabetes progression. People with 

T2DM are at risk of many adverse health consequences, including stroke, vision impairment, 

peripheral neuropathy, kidney disease, heart disease, and cognitive decline. Elderly people often 
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struggle with many aspects, including limited access to health care, lower adherence to treatment, 

difficulties in seeking preventive care, as well as issues even during therapy. AI-READI places 

great emphasis on defining standards and guidelines related to the collection, preparation, and 

sharing of various types of data. This data can be a great basis for future AI and ML activities that 

will focus on developing other data sets and determining new correlations occurring and related to 

T2DM [46].  

Further research is needed to assess the effectiveness of voice-interface applications in older 

adults with multimorbidity, particularly regarding their impact on reducing hospitalizations and 

improving quality of life. 

 

Conclusions 

 

Modern digital technologies including mHealth systems and AI offer significant potential 

to enhance self-management and therapeutic outcomes in older adults with T2DM. Central to the 

effective use of these tools is comprehensive patient education. While innovations such as virtual 

assistants and voice-based interfaces can substantially improve convenience, their successful 

adoption depends on careful adaptation to the physical and cognitive needs of elderly users.  

However, implementing AI in geriatric diabetes care presents several challenges. Older 

adults, often unfamiliar with emerging technologies, may become overly reliant on AI-generated 

recommendations, potentially substituting them for clinical consultation or personal judgment. 

This overdependence can foster a false sense of security and reduce critical engagement with one's 

own care. Such applications should be used from the moment of diagnosis or at an early stage of 

the disease so that patients will more easily accept them. Physical and neurological comorbidities—
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such as Alzheimer's disease, dementia, Parkinson's disease, peripheral neuropathy, tremors, or 

rheumatic disorders—can further impede the safe use of digital devices. An excess of functions, 

icons, and data can overwhelm users, especially those with vision or hearing impairments. In such 

cases, poorly designed interfaces may discourage use or lead to misuse. Therefore, interfaces must 

be carefully tailored to accommodate age-related functional limitations and ensure ease of use 

[4,7,26,47].  

Despite these challenges, AI holds considerable promise in improving quality of life for 

elderly individuals with diabetes. In addition, it can also ease the burden on the health service by 

reducing the number of patient visits. However, its implementation must be preceded by a thorough 

evaluation of ethical risks, user safety, and the need for personalized design. Future research should 

prioritize long-term clinical validation of these technologies, their impact on patient outcomes, and 

their integration into healthcare systems. 
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