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ABSTRACT

Research objective: The aim of this paper was to present the role of digital health interventions in the treatment of type 2
diabetes, with a particular focus on their impact on patient engagement, self-management, clinical outcomes, and barriers
related to their implementation

Methods: This study was conducted as a narrative review. The literature search was performed using PubMed and Google
Scholar databases. Articles published between 2020 and 2026 were included, with priority given to systematic reviews, meta-
analyses, and selected original studies concerning adult patients with type 2 diabetes.

Results: Digital health interventions can improve glycemic control, with the most consistent effect being a reduction in
glycated hemoglobin (HbAlc). They also support patient engagement and self-management by facilitating regular
monitoring, improving adherence, and promoting healthier behaviors. The most effective interventions were those
combining data monitoring with feedback and professional support. At the same time, several barriers to implementation
were identified, including limited digital literacy, technological usability issues, costs, access inequalities, and insufficient
integration with healthcare systems.

Conclusion: Digital health interventions represent a valuable supplement to type 2 diabetes treatment. Their effectiveness
depends not only on the technology itself, but also on the quality of implementation, integration with medical care, and
adaptation to patients’ individual needs.
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Introduction

Type 2 diabetes is one of the most common chronic diseases, it is a significant health problem and is
becoming an increasingly global health issue. This problem is mainly spread by the aging of the population,
bad eating habits, the increase in the number of obese people, and growing stress. This disease is associated
with numerous complications and significantly affects both the functioning of patients and the burden on
healthcare systems. (World Health Organization, 2024) The primary disorder in type 2 diabetes is
hyperglycemia, which in the long term leads to the development of micro- and macroangiopathic
complications. Therefore, it is crucial to maintain proper glycemic control. Treatment of type 2 diabetes is
comprehensive and requires the use of several methods at the same time - non-pharmacological methods, i.e.
education, multiple daily glycemic control, dietary treatment, physical activity, and pharmacological treatment.
In practice, this means that in the treatment of type 2 diabetes, the patient's involvement in the therapy is of
great importance. (World Health Organization, 2016; Goyal et al., 2023) The dynamic development of digital
technology in recent years has led to the creation of new tools supporting the care of patients with chronic
diseases. We can include platforms that enable remote data transfer and contact with medical staff, medical
applications, continuous 24/7 glycemia monitoring systems, sensors, and applications. These tools improve
disease monitoring, facilitate communication between the patient and the doctor, and help develop good habits
that allow for better disease control, saving time. (Maida et al., 2025; American Diabetes Association
Profesional Practice Committee, 2026; Abdul Latif El Ejel et al., 2025) Digital health solutions are no longer
treated only as supplementary tools, but increasingly as important elements of routine diabetes care. (Maida et
al., 2025; American Diabetes Association Profesional Practice Committee, 2026) An active patient attitude,
known as patient engagement, is a key element of effective treatment. Digital tools can help increase
engagement by providing up-to-date health information, reminders about treatment, and the ability to track
progress. At the same time, they support the process of independent disease management, which is the basis
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of type 2 diabetes control. The literature emphasizes that properly designed digital interventions can influence
changes in health behaviors and improve treatment outcomes. (Kerr et al., 2024; He et al., 2022) However, it
should be noted that the implementation of digital technologies in clinical practice is associated with a number
of difficulties. The limitations may be due to the patient's characteristics, such as their level of digital
competence or motivation, as well as systemic factors, including the availability of technology, costs, and the
degree of integration with medical care. The varying effectiveness of the interventions indicates that their use
requires an individual approach and appropriate adaptation to the needs of the users.

Although many studies have reported beneficial effects of digital health interventions, the results remain
heterogeneous and depend on the type of technology used, patient characteristics, and the context of
implementation. (Ravi et al., 2025; Kerr et al., 2024; Kim et al., 2022) Given the growing importance of
technology in medicine, it is necessary to organize current knowledge about its application in type 2 diabetes.
It is particularly important to determine the extent to which digital health solutions affect patient engagement,
the self-management process, and what barriers limit their use in practice. (Ravi et al., 2025; Barchiesi et al.,
2025; Duong et al., 2025) The aim of this paper is to present the role of digital health interventions in the
treatment of type 2 diabetes, with a particular focus on their impact on patient engagement, self-management
of the disease, and limitations related to their implementation.

Methodology

This study is a narrative review, the aim of which was to collect and synthetically present current data
on the use of digital health technology in the treatment of type 2 diabetes. The analysis focused on three main
areas: clinical results, the impact on patient engagement and the process of self-management of the disease,
and barriers hindering the implementation of these solutions.

The literature search was conducted using PubMed and Google Scholar databases. A combination of

nn

keywords including "type 2 diabetes", "digital health", "mobile health", "telemedicine", "continuous glucose
monitoring", ,,patient engagement”, "self-management", and "barriers" was used. To increase the accuracy of
the results, logical operators AND and OR were used, and the bibliographies of selected publications were
analyzed.

Articles published between 2020 and 2026 were eligible for review, which allowed for the inclusion of
current trends in technology development and contemporary therapeutic approaches. Preferred were review
articles (systematic reviews, meta-analyses), which were the main source of data. Additionally, selected
original studies were included if they provided significant information regarding the clinical effects or practical
application of the interventions analyzed. The inclusion criteria included studies of adult patients with type 2
diabetes, which analyzed the use of digital tools in monitoring, treatment or supporting the therapeutic process.
Publications concerning the factors limiting the implementation of digital health technology in practice were
also taken into account.

The analysis excluded studies focusing solely on type 1 diabetes, gestational diabetes, and pediatric
populations. Articles of limited methodological value and publications not available in English were also
omitted. The selection process was multi-stage. First, titles and abstracts were evaluated, and then the full texts
of the selected works were analyzed. The collected material was organized thematically and presented
descriptively, in accordance with the main areas of analysis.

Due to the nature of the narrative review, formal systematic procedures or quantitative data synthesis
were not used, which is a potential limitation of the study.

Results

Types of digital health interventions

Digital health interventions for type 2 diabetes include a wide range of technologies designed to support
treatment, monitoring, and improving disease control. The most commonly used are mobile applications
(mHealth), telemedicine systems, continuous glucose monitoring (CGM) devices, and integrated digital
platforms that enable comprehensive patient care. (Maida et al., 2025; Ravi et al., 2025; American Diabetes
Association Professional Practice Committee, 2026) Mobile applications are one of the most accessible and
frequently used forms of support. Their functionality includes monitoring glucose levels, diet control,
nutritional value analysis, physical activity assessment, and reminders for taking medication. In many cases,
these apps also offer educational elements, enable analysis of glycaemia trends, and provide personalized
feedback. This allows the patient to better understand the impact of lifestyle on the course of the disease and
make more informed therapeutic decisions. (He er al., 2022; Lee et al., 2023; Kim et al., 2022) Telemedicine
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systems enable remote consultations and continuous monitoring of the patient's health status. They allow for
sending test results, data analysis by medical staff, and quick response to irregularities. Additionally,
telemedicine supports the process of health education and enables constant contact with a doctor or a diabetes
educator. The importance of these solutions has increased especially during the COVID-19 pandemic, when
limited access to in-person care required the implementation of alternative forms of contact with the patient.
(Dat et al., 2024; Zhang et al., 2023; Ravi et al., 2025) Continuous glucose monitoring (CGM) devices provide
real-time data, allowing for ongoing tracking of glucose level changes and identification of glycemic patterns.
This allows for a quick response to deviations from the norm and more precise adjustment of therapy. In
clinical practice, the use of CGM is associated with improved metabolic control and a reduction in the risk of
hypoglycemic episodes. The integration of CGM with mobile applications and telemedicine systems further
increases the possibilities of data analysis and supports the process of making therapeutic decisions. (Martens
et al., 2021; Bergenstal et al., 2021; Barchiesi et al., 2025; American Diabetes Association Professional
Practice Committee, 2026) The effectiveness of digital health interventions is often greater when technology
is combined with regular professional support and ongoing interpretation of the collected data (Ravi et al.,
2025; Dat et al., 2024; Zhang et al., 2023) Integrated digital systems that combine various functions within
one platform are also being used more and more often. Such solutions include simultaneous monitoring of
health parameters, data analysis, communication with medical staff, and educational support. A comprehensive
approach to disease management can increase the effectiveness of treatment and improve patient comfort. The
interventions that integrate multiple functions within one system may be effective than single-purpose tools,
because they support several aspects of disease management at the same time. (Abdul Latif El Ejel et al., 2025;
Xiao et al., 2025; Maida et al., 2025) Additionally, some systems use wearable devices, such as smartwatches
or fitness trackers. They allow for assessing the level of activity, sleep quality and remind you to take your
medication. However, their role in the treatment of type 2 diabetes is less clearly defined and often serves as a
supporting element for other technologies. (Stevens et al., 2022; Maida et al., 2025)

Barriers to Adoption

Despite numerous benefits, implementing digital health interventions faces significant limitations that
can be divided into factors related to the patient, technology, availability, and the healthcare system. (Ravi et
al., 2025; Barchiesi et al., 2025; Duong et al., 2025; Moschonis et al., 2023) These barriers often do not occur
separately, but overlap and reinforce one another, which may significantly reduce the effectiveness of digital
interventions (Ravi et al., 2025; Duong et al., 2025) The most important barriers on the patient's side include
limited digital skills and difficulties in using technological tools. This problem is particularly evident among
the elderly, who use modern solutions less frequently and may have difficulty adapting to them. Additionally,
some patients show lower motivation to use technology or lose interest over time, which affects the
effectiveness of the intervention. Another significant problem may be the difficulty in interpreting health data,
which limits the possibility of their practical use. (Lee et al., 2023; Barchiesi et al., 2025; Ravi et al., 2025)
Technological barriers include, above all, the complexity of interfaces and insufficient intuitiveness of
operation. Low usability of the application may lead to users abandoning it. In many cases, the problem is also
the lack of proper feedback that would enable the correct interpretation of the data. Additionally, users may
experience difficulties related to using devices, such as discomfort from wearing CGM sensors or the need for
regular maintenance. (Barchiesi et al., 2025; Stevens et al., 2022; Maida et al., 2025) Availability factors are
another important group of limitations. High technology costs, limited internet access, and lack of suitable
devices can lead to inequalities in the use of digital health solutions. This problem particularly affects people
with lower socio-economic status and residents of areas with limited technological infrastructure. (Duong et
al., 2025; Ravi et al., 2025) At the system level, the difficulties associated with integrating digital technologies
with existing healthcare systems are of great importance. Lack of interoperability between different platforms,
insufficient support from medical staff, and lack of standardization of solutions limit their effectiveness in
clinical practice. Additionally, there are concerns about data security and patient privacy protection. For this
reason, successful implementation of digital health solutions requires not only effective technology, but also
appropriate patient support, accessibility and integration with routine clinical care. (Ravi et al., 2025; Maida
et al. 2025)
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Clinical outcomes

Digital health interventions have a number of important clinical effects, the most important of which is
improved glycemic control. Several studies have shown that the use of digital tools can lead to a decrease in
the level of glycated hemoglobin (HbA 1¢), typically in the range of about 0.3% to 0.8%. This effect is one of
the most consistent and repeatable in the literature analyzed. The magnitude of HbA Ic reduction may differ
depending on the type of digital interventions, baseline glycemic control, and the level of patient engagement.
(Kim et al., 2022; Kerr et al., 2024; Dat et al., 2024; Xiao et al., 2025) Evidence of effects beyond HbAlc
remains less consistent and the long-term sustainability of these clinical benefits still requires further
investigation. (Stevens et al., 2022; Yan et al., (2025) Even a small reduction in HbA1c is of significant clinical
importance, as it is associated with a reduction in the risk of micro- and macro-vascular complications. This
suggests the potential role of digital health interventions as an effective element supporting treatment. (Goyal
et al., 2023) In addition to improving glycemic control, some studies also indicate beneficial changes in other
metabolic parameters, such as body weight, BMIL, or lipid profile. However, these effects are less clear and
may vary depending on the type of intervention used, its duration, and the characteristics of the patients. (Kim
etal., 2022; Stevens et al., 2022; Lee et al., 2023; Xiao et al., 2025) The intensity and method of intervention
also play a significant role. The best clinical results are observed in the case of solutions that enable regular
monitoring of health parameters and provide quick and personalized feedback. Integrating technology with
medical care further increases the effectiveness of treatment. (Ravi et al., 2025; Dat et al., 2024; Xiao et al.,
2025; Martens et al., 2021) Interventions that combine monitoring, education, feedback, and professional
support appear to produce more favorable clinical outcomes than less interactive or single-component
solutions. (Ravi et al., 2025; Xiao et al., 2025; He et al., 2022)

Impact on patient engagement and self-management

Digital health interventions play a significant role in increasing patient engagement and supporting the
process of self-management of the disease. Thanks to them, patients have constant access to information about their
health status and the possibility of current monitoring of metabolic parameters. (Kerr et al., 2024; He et al., 2022;
Kim et al., 2022; Lee et al., 2023) The positive effects of these interventions on engagement depend not only on
access to technology, but also on the regular use of the tools provided. (Kerr et al., 2024; Kim et al., 2022; Stevens
et al., 2022) Functions such as reminders to take medication, monitoring physical activity and analyzing health data
promote more systematic treatment. Patients can respond more quickly to changes in their glucose levels and make
more informed decisions about their diet and lifestyle. (He et al., 2022; Lee et al., 2023; Stevens et al., 2022) An
important mechanism of these interventions is the increase in the patient's sense of self-efficacy. The ability to
observe the effects of one's own actions and set individual therapeutic goals increases the motivation to follow the
recommendations. At the same time, digital technologies can support the process of changing health behaviors by
providing feedback and reinforcing positive habits. (Kerr et al., 2024; Kim et al., 2022; He et al., 2022) Personalized
feedback and the possibility of tracking progress over time may further strengthen motivation and long-term support
adherence to therapeutic recommendations. (He et al., 2022; Kerr et al., 2024; Lee et al., 2023) The most effective
interventions combine technology with elements of support from medical staff. This approach allows for better
interpretation of data and increases the chances of maintaining the patient's long-term commitment. (Ravi et al.,
2025; Dat et al., 2024; Xiao et al., 2025)

Discussion

The results of this review indicate that digital health interventions can play a significant role in the
treatment of type 2 diabetes, particularly in terms of improving glycemic control, increasing patient
engagement, and supporting self-management of the disease. The most consistent and repetitive effect
observed in the analyzed studies was the reduction in HbA 1c levels, which confirms the clinical usefulness of
digital tools as a supplement to standard care. (Kim et al., 2022; Kerr et al., 2024; Dat et al., 2024; Xiao et al.,
2025) An important conclusion drawn from the review is that the effectiveness of digital interventions does
not result from the use of technology alone, but primarily from its functionality and the way it is used. Tools
that enable regular monitoring of health parameters, while also offering data interpretation and feedback, are
more effective than solutions that only passively collect data.

This points to the importance of interactivity and the presence of elements supporting therapeutic
decision-making. (He et al., 2022; Ravi et al., 2025; Xiao et al., 2025; Buendia et al., 2021) The analyzed
works also show that particularly beneficial results are achieved in models combining technology with the
participation of medical staff. Hybrid interventions, in which data collected by digital systems are
supplemented by feedback from a doctor or educator, allow for more precise treatment adjustments and
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increase the effectiveness of therapy. This suggests that digital health should be treated as a tool to support,
not replace, traditional care. (Ravi et al., 2025; Dat et al., 2024; Zhang et al., 2023; Dunkel et al., 2024;
American Diabetes Association Professional Practice Committee, 2026) Patient's commitment and ability to
self-manage the disease also play a significant role in the achieved results. Digital interventions promote more
systematic monitoring of glycemia, improve adherence to treatment, and support changes in health behaviors.
Mechanisms such as reminders, progress tracking, and access to real-time information can increase motivation
and a sense of control over the disease. At the same time, it is pointed out that maintaining long-term
commitment remains a challenge, and the effectiveness of intervention may decrease over time. (Kerr et al.,
2024; He et al., 2022; Kim et al., 2022; Stevens et al., 2022; Lee et al., 2023) The findings also suggest that
digital interventions should not be treated as universal solutions, as their effectiveness may differ depending
on patient age, digital literacy, baseline metabolic control, and readiness to engage in long-term self-
management. (Lee et al., 2023; Ravi et al., 2025; Barchiesi et al., 2025) Despite the observed benefits,
implementing digital health interventions is associated with numerous limitations. Barriers affect both patients
and the technology and healthcare system itself. Limited digital skills, especially among the elderly, can make
it difficult to use available tools. Additionally, problems related to the usability of the application, lack of an
intuitive interface or insufficient support in data interpretation limit their effectiveness in practice. (Barchiesi
et al., 2025; Ravi et al., 2025; Lee et al., 2023; Maida et al., 2025) Availability and cost are also important
factors. Limited access to devices and the internet, as well as the lack of reimbursement for some technologies,
can lead to inequality in the use of digital solutions. At the system level, a significant problem is the lack of
integration of digital health tools with existing healthcare systems and limited interoperability between
different platforms. (Duong et al., 2025; Ravi et al., 2025; American Diabetes Association Professional
Practice Committee, 2026; Maida et al., 2025) At the same time, the wider implementation of digital health
should be accompanied by efforts to prevent inequalities in access, especially among older adults and patients
with fewer technological or financial resources. (Duong et al., 2025; Lee et al., 2023; Ravi et al., 2025) It is
also worth noting the diversity of the interventions analyzed. The research covers a wide range of technologies
at different stages of development, which makes it difficult to directly compare the results and generalize the
conclusions. (Moschonis et al., 2023) Furthermore, most of the available data concerns a relatively short
observation period, which limits the possibility of assessing the long-term effectiveness of the intervention.
(Stevens et al., 2022; Yan et al., 2025; Maida et al., 2025; Abdul Latif El Ejel et al., 2025) The limitation of
this work is its narrative review nature, which did not assume the use of rigorous systematic methods.
Therefore, the selection and interpretation of data can be somewhat subjective. Additionally, the dynamic
development of digital technologies means that some solutions quickly become outdated, and new tools require
further evaluation. In summary, digital health interventions are a promising supplement to type 2 diabetes
treatment, particularly in terms of improving glycemic control and supporting patient engagement. However,
their effectiveness depends on many factors, including the quality of the technological design, the level of
integration with medical care, and the individual characteristics of the patient. Further research should focus
on optimizing these solutions and identifying ways to effectively implement them in clinical practice. (Ravi et
al., 2025; Kim et al., 2022; Kerr et al., 2024; Maida et al., 2025; American Diabetes Association Professional
Practice Committee, 2026)

Conclusions

Digital health interventions are a significant supplement to type 2 diabetes treatment and can contribute
to improved clinical outcomes, especially in terms of glycemic control. The most common effect of their use
is a reduction in the level of glycated hemoglobin (HbA1c), which confirms their practical significance in
everyday patient care. Importantly, these benefits appear to be more pronounced in individuals with suboptimal
baseline control, suggesting that digital interventions may play a particularly valuable role in higher-risk
patient groups. (Kim et al., 2022; Kerr et al., 2024; Dat et al., 2024; Xiao et al., 2025)

However, the effectiveness of these solutions does not depend solely on the technology itself, but also
on how it is used. The best results are observed in interventions that combine data monitoring with feedback
and support from medical staff, which indicates that hybrid models are superior to solutions based solely on
passive data collection. This finding underscores the need to position digital tools within structured models of
care rather than treating them as independent or isolated interventions. (Ravi et al., 2025; Dat et al., 2024;
Zhang et al., 2023; He et al., 2022; American Diabetes Association Professional Practice Committee, 2026)

The patient’s commitment and ability to manage the disease independently also play a significant role.
Digital tools can support the regularity of therapeutic activities, improve adherence, and increase health
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awareness, but maintaining long-term engagement remains a challenge. Sustained effectiveness is therefore
closely linked to usability, personalization, and the ability of interventions to remain relevant and engaging
over time. (Kerr et al., 2024; He et al., 2022; Kim et al., 2022; Lee et al., 2023; Stevens et al., 2022)

Despite the growing importance of digital technologies, their implementation faces numerous barriers.
They include factors related to the patient, such as the level of digital competence, as well as technological,
economic and systemic limitations, including access to tools and their integration with healthcare systems.
Addressing these barriers is essential not only for improving effectiveness but also for ensuring equitable
access and preventing the widening of existing health disparities. (Barchiesi et al., 2025; Duong et al., 2025;
Ravi et al., 2025; Maida et al., 2025)

In summary, digital health interventions have significant potential to improve the treatment of type 2
diabetes, but their effectiveness depends on their proper adaptation to the patient’s needs, quality of
implementation, and integration with the healthcare system. Future research should extend beyond short-term
clinical outcomes and focus on long-term sustainability, cost-effectiveness, and the identification of patient
populations that benefit most from specific types of digital interventions. (Ravi et al., 2025; Maida et al., 2025;
Yan et al., 2025; American Diabetes Association Professional Practice Committee, 2026)
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