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Introduction: Digital health intervention offers the potential to enhance health literacy, which is crucial for effective diabetes management, especially among adolescents. Diabetes is a major global public health issue, leading to devastating complications and increasing mortality rates. The incidence of type 1 diabetes mellitus (T1DM) is also on the rise, particularly among adolescents, necessitating multisectoral strategies to combat this disease. This study explores the perceptions of adolescents with T1DM in Germany regarding digital health interventions, with the aim of improving healthcare by addressing specific needs and guiding future research.

Methodology: This study employed a qualitative approach using semi-structured individual interviews with adolescents with T1DM (n = 20) aged 14 to 18 years old in Germany to explore their perspectives on digital interventions for health literacy promotion. The study adopted content analysis according to Kuckartz et al. and the research followed the Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist. Ethical considerations were paramount and data were rigorously analyzed using coding and iterative processes to ensure data quality and reliability.

Results: The findings indicate that within three prominent domains, namely the utilization of digital health intervention for accessing and comprehending information, facilitating peer-to-peer interactions, and enhancing physician-patient communication and interaction, digital health interventions are either underutilized or insufficiently deployed. In addition, a notable observation is the apparent lack of patient-centered approaches for adolescents with T1DM in relation to digital health interventions and health literacy.

Conclusion: In order to enhance the utilization of digital health interventions and enhance health literacy it is essential to focus on capacity building through a patient-centered approach, to promote digital health literacy, and foster the cultivation of a participatory culture. The outcomes of this study offer valuable insights that can inform practical applications, further research endeavors, and influence policymaking.
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1 Introduction

Adolescence is a vulnerable period of life characterized by significant physiological and psychosocial changes and a need to gain autonomy from parents (1). When it coincides with the presence of a chronic disease such as type 1 diabetes, the transition into adulthood is made even more challenging (2, 3). Today’s generations of adolescents are known for their massive use of digital tools (4, 5); thus offering an opportunity to integrate digital interventions into the healthcare system to improve the management of their conditions. Diabetes is considered one of the most significant global public health challenges, having evolved into a major worldwide public health concern (6). It not only represents a leading cause of blindness but also contributes to kidney failure, heart attacks, strokes, and lower limb amputations (7). Between 2000 and 2019, diabetes-related mortality rates increased by 3% per age group (7). The incidence rates of Type 1 Diabetes (T1DM) are also on the rise, contributing to the overall increase in diabetes prevalence (8). In Germany, the incidence of T1DM among children and adolescents has shown a consistent increase over the past 30 years (9). Projections predict a rise in case numbers in the coming decades, underscoring the urgency of developing and implementing multisectoral strategies to combat this disease (8). Effective management of this chronic condition demands a comprehensive understanding of both medical and behavioral aspects, highlighting the crucial importance of health literacy within this population, not only for reducing mortality (10), but also for mitigating health inequalities (11). Young individuals afflicted with this condition must be capable of navigating a complex landscape of medical information and making informed healthcare decisions, all while traversing the vulnerable period of adolescence.

Digital health interventions (DHI), such as telehealth, mobile health, messaging systems, mobile applications, gamified support, social platforms, and patient portals (12) have rapidly expanded in recent decades, offering improved disease management (13–17). They hold the potential to enhance health literacy and the management of T1DM among adolescents (18). Digital health and the use of digital technologies have become a global health priority for improving healthcare delivery and chronic disease management. The recent report from the World Health Organization Regional Office for Europe clearly addresses the need for action and emphasizes the role of national government agencies in overseeing the adoption and application of digital health, ensuring funding availability, and promoting health literacy and digital inclusion (19). Germany has also embarked on this path by developing national initiatives aimed at integrating digital tools into the healthcare domain (20). The objective of the present study was to explore the specific perceptions related to DHI among adolescents with T1DM residing in Germany. This study aimed to enhance the comprehension of DHI accessibility, their utilization, their roles, as well as their associations with health literacy. The results of this qualitative analysis are anticipated to provide further insights into DHI research, facilitating the promotion of health literacy and allowing for a targeted approach to address the specific requirements and actions required to align with national and international strategies in this domain.



2 Methodology


2.1 Research design

A qualitative approach was chosen to account for the exploratory nature of the study. Semi-structured individual interviews involving adolescents aged 14 to 18 years old with type 1 diabetes mellitus (T1DM) were considered as an appropriate method, especially for recruiting a hard-to-reach target group discussing potentially sensitive topics. Additionally, this method allowed for an in-depth understanding of participants’ experiences, including their perceptions and interpretations (21). The content analysis approach by Kuckartz et al. (22) was adopted to explore their perspectives on digital health interventions aimed at promoting health literacy. The study followed the Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist developed by Tong et al. (23) to transparently report the study. The completed COREQ checklist, consisting of 32 items, is available and can be requested directly from the corresponding author of this study (AN.N).



2.2 Inclusion criteria and recruitment

The target population consisted of adolescents aged 14 to 18 years old with T1DM. An additional inclusion criterion was a command of the German language sufficient to allow for full participation in interviews. Moreover, participants under the age of 18 required informed consent from their parents in addition to their own informed consent. The recruitment process occurred in two phases. In the first phase, various recruitment methods were employed, such as distributing flyers in hospitals and specialized diabetes centers in different German cities, sending flyers via email to diabetes centers, disseminating information in support groups dedicated to young people with T1DM, as well as via online forums, official Instagram accounts of the T1DM community, Facebook groups, private requests on social media to influencers with T1DM and finally, through word-of-mouth. In total, 87 networks and institutions were approached. The second phase of recruitment took place during a six-week observation period at a pediatric diabetes center. The number of participants was two in the first phase and 18 in the second phase.



2.3 Data collection and processing

Semi-structured individual interviews were conducted. The first interview was conducted by phone, while the second took place via video conference. Subsequently, a total of 18 interviews were conducted within the pediatric diabetes department of a hospital in Germany. The first two interviews occurred between November and December 2022, and the remaining 18 were conducted between May and June 2023. All interviews were conducted by a single researcher, AN.N, a doctoral candidate experienced in qualitative interviews. It should be noted that one of the interviewees had a familial connection to an acquaintance of the researcher; the other 19 participants were unknown individuals prior to data collection. Before starting the interview with the recording, the researcher created a relaxed atmosphere, considered crucial as a “warm-up” by Reinders (24), to make the participants feel comfortable during the interview. Once situated in the room where the interview was to take place, the researcher reiterated the study’s purpose and the interviewee’s rights during and after the interviews. The introduction phase also allowed participants to ask questions. The interview was conducted using a semi-structured interview guide with open-ended questions to ensure that all themes were addressed while maintaining flexibility and adaptability for each interview. The interview guide was created following Reinders’ (24) structure and was divided into seven parts:

1. The “Warm-Up-Phase,” individualized for each interview, following Reinders (24)

2. Peer relationship

3. Communication between physicians and adolescents with T1DM

4. Training

5. Access to information more generally

6. Open-ended questions

7. Conclusion, socio-demographic data

The interview guide is available in the Supplementary material.

The interviews were recorded as digital audio recordings and transcribed in full by AN.N. Furthermore, field notes were taken after each interview, including observations and impressions. Age and the number of years since adolescents were diagnosed with T1DM were requested during the interview. Education, nationality, and gender were not requested. Gender was classified based on the researcher’s perception.



2.4 Data analysis

The interview guide was initially deductively coded inspired by the definitions of health literacy of Bröder et al. (25) and Naef et al. (18). Before commencing the study, a pilot test was conducted with two adolescents with T1DM. For this current study, a total of 20 adolescents (8 girls and 12 boys) with T1DM living in Germany were interviewed. Participants’ ages ranged from 14 to 18 years with an average age of 16 years. The authors did not provide the interview guide containing the questions to the interviewees. Interviews lasted between 17 and 33 min, with an average duration of 23 min. The adolescents had been living with T1DM for an average of 7 years, with a range of 6 months and 16 years. Individual interviews were conducted in person (by AN.N), by phone, via video conference, and in face-to-face settings. The authors discussed and determined that saturation of sampling (26) had been achieved. The coding system was conducted iteratively using MAXQDA software (2022; VERBI Software GmbH, Berlin, Germany). The analysis was subsequently refined through an iterative process involving structural content analysis (22). Two authors (AN.N and N.F) consolidated 100% of the entire coding material to ensure data quality, consistency, validity, and reliability of results (22).



2.5 Ethics statement

The study design was approved by the ethics committee of the Hannover Medical School on October 18, 2022. Information about the study was communicated orally and in writing to adolescents, and their parents in the case of minors, before the interview. Adolescents were informed that their participation was entirely voluntary, independent of the institutions where they received treatment, and the researcher emphasized multiple times during the interview that adolescents had the right not to answer questions or to terminate the interview without providing a reason. Adolescents were also informed that they could contact the researcher in the week following the interview if they wished for their interview not to be considered for the study. Interviews were audio-recorded and transcribed, after which the recordings were deleted. To ensure anonymity, any information that could identify participants was removed from the transcripts. All participants provided written consent for their participation and digital voice recording with additional written consent from parents or legal guardians obtained for minors. Participants did not receive vouchers or money for participating in the study. Personal data was processed in accordance with the General Data Protection Regulation and the Declaration of Helsinki.




3 Results

The coding system comprises 11 main categories and 26 subcategories (see Supplementary material). To address the research question, three main themes were analyzed in detail. The first theme focuses on access to information between digital and non-digital sources. The second theme examines digital interventions for peer relationships. Finally, the third theme explores the use of digital interventions for communication and interaction during medical consultations, outside of consultations, and in a hospital setting (see Table 1: Summary of the main results). The cited sources have been translated from German to English (AN.N & NF).



TABLE 1 Summary of the main results.
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3.1 Access to information

Three primary sources of information regarding disease management were highlighted by the interviewees. The first encompasses all official information sources directly from institutions where adolescents with T1DM are being cared for. This includes those receiving inpatient care with an intensive training program, those participating in occasional training programs conducted in group or individual settings, as well as those attending REHA facilities (rehabilitation institutions) either on an inpatient or outpatient basis. Additionally, it encompasses information obtained during outpatient appointments during regular consultations with experts, including physicians and/or diabetologists. Information from these sources is primarily conveyed in person, with digital tools used only in rare cases. The second primary source of information highlighted was parents or close family members. While T1DM primarily manifests in minors, or family member may also be affected by the disease as T1DM is a genetic condition. The third primary source of information identified was the manufacturers of digital tools, such as pumps or sensors. Manufacturers play a significant informative role, mainly through digital channels like online chat features.

Initially, the primary sources of information for adolescents with T1DM in Germany are accessible during training sessions/programs that take place during the initial diagnosis. Adolescents spend an average of 2 weeks in inpatient care and receive information about disease management during an intensive training, often with the involvement of parents. These training sessions are conducted on-site and organized by the hospital. Specific, tailored training can occur either individually or in groups, with the majority being conducted in person, with a few exceptions, such as during the COVID-19 pandemic. Furthermore, the German healthcare system allows patients to undergo inpatient or outpatient rehabilitation (REHA) for several weeks, accompanied by one or both parents. Finally, regular outpatient hospital appointments, typically four times a year, also serve as a source of information for adolescents with T1DM, and are mainly conducted in person. As regards this type of official information dissemination (via hospital or institutions), some adolescents mentioned being overloaded with information:


"It was too much. And getting everything explained in general, because it was all, everything intertwined, so many topics were covered simultaneously here." (P15:77)
 

This mass of information received all at once led at least one interviewee to seek information on the internet. Another interviewee received a book to read the information herself, which had already been mentioned during the training sessions. This participant admitted that she had not read the book, mainly because there was too much information.


"Okay, I'll be honest, I didn't really look at the book, it was way too much. I only did the exercise for calculation, just so I have some basic knowledge. But I didn't go through the book again." (P16:24)
 

This information overload also leads to forgetting some information. For some, printed materials serve as a useful resource to check information.


"I had already learned it. It was somewhere in my head. So, partly, when it was explained to me again, it did come back to me, but I'm a very, very forgetful person. That's why I'm a bit afraid that if, for example, if I want to change something again, I'll have to ask again or get another booklet that tells me what I can change. I think I'd look into that again." (P16:106)
 

For some individuals, language difficulty, for example limited German language skills and/or lack of knowledge of specific medical jargon, adds a barrier to understanding the information. Others may not always feel comfortable asking questions, depending on the context. For example, in a situation where eight medical students were present during the consultation, it made the patient nervous and prevented her from asking a question because she did not understand what the doctor was saying.


"Yes, sometimes I do dare to ask questions if it's something very complicated. But, for example, before, I was a bit unsure. I didn't dare to ask." (P16:102)
 

To seek more information or better understand information provided by healthcare experts, some adolescents use digital interventions such as YouTube or social media platforms like TikTok or Instagram. These sources are not directly recommended by healthcare experts. Videos are considered a more easily understandable digital tool by adolescents than text or online searches, where information filtering is considered complicated. Some adolescents do not verify the information found on the internet or social media (“I do not discuss that with my doctor.” (P17:48)), while others have mixed opinions about the quality of the information but still take it into account:


"So, I wouldn't consider it a reliable source, but (…) So, if, for example, if I had very high values (.) Yeah, I don't know, if something strange were to happen and there was information on YouTube like, 'You should eat nuts or something.' I don't know. Then I would try that." (P18:51)
 

For others, in-person consultations provide an opportunity to ask questions and obtain information from healthcare experts. In some cases, young patients may come across information on the internet, like Instagram posts about someone using a closed-loop system, and take the opportunity to discuss it with their physicians during their next appointment.


"Yeah, so, I did (.) bring it up during the next appointment, that I would like to try it, and so on. (.) And that's how I tried the Loop System last month." (P19:28)
 

Official training sessions organized by healthcare institutions are generally considered to be an overload of information, too complex, or difficult to understand due to the language used. Interviewees mention seeking information outside of official sources, primarily on the internet and social media platforms like YouTube, Instagram, or TikTok. Sometimes, this information is not subject to expert scrutiny; in other cases, adolescents may express criticisms regarding this information but still use it, and in yet other instances, the information is discussed during subsequent consultations with healthcare experts.

The second major source of information often used by interviewees is the knowledge of parents, who play a significant role in accessing information. This is mainly because T1DM largely affects children and adolescents, and most of the interviewed adolescents were diagnosed in childhood. In such cases, parents have played a major role in managing the disease and have become experts through training and experience. The situation remains similar for adolescents who were diagnosed later because young people are still minors, and parents continue to be heavily involved in training.


"If I have a question, I'll quickly discuss it with my mother because she knows a lot, of course. I got this when I was five, so I probably didn't understand it all that well. And so, she explained it to me bit by bit, as I got older, a little more each time […] And yes, we still do quite a bit together." (P9: 52)
 

This is not always the case, especially for patients whose parents do not speak neither German nor English. In such cases, other family members can play an important role, as is the case with a brother in this example:


"My brother speaks perfect German. My parents only know a few words, and he can understand better." (P10:130)
 

Furthermore, the third significant source of information is the manufacturers of technologies such as sensors and pumps, which many adolescents use. This source of information is often compared to efficient customer service.


"They answer immediately. So, there is, how should I say it, like a customer service. So, let's say, first-level customer service, okay? There is also higher customer service that can answer many difficult questions. If the first-level has problems, the first one, then they forward it to better customer service." (P5:98)
 

Some adolescents clearly differentiate where to seek information between technical problems, directly from the manufacturers, and clinical questions, at the hospital. Others are more hesitant about navigating between information sources, for example, when asked if they would talk to a doctor if a technical problem occurred:


"I don't think so. Because the app is from [Company] and not from the [Institution]. So, I believe you can only contact the company." (P7:51)
 

In this theme, “Access to Information,” the results shows that adolescents with T1DM often find the initial dissemination of information from official sources overwhelming, leading them to seek additional information online or through alternative means. Language barriers, hesitation to ask questions, and the influence of social media also shape their information-seeking behaviors. These adolescents frequently turn to their parents, who play a crucial role in managing T1DM, and also rely on manufacturers’ customer support for technical assistance.



3.2 Peer-to-peer relations

The relationship between peers (adolescents with T1DM) is relatively limited, whether through digital interventions or in-person interactions. One reason for this is that most adolescents are unaware of the opportunities for exchanging or communicating with peers, whether through digital interventions or otherwise. Some study participants argue that such contact is unnecessary and that they lack interest in engaging with peers, emphasizing that everyone’s experience with the disease is unique:


"I'm mainly interested in my own affairs, like how my blood sugar is regulated, and ultimately, everyone has a different perception of the disease, and everyone sees it a bit differently […] So, I'm more focused on my diabetes." (P9:16)
 

In rare cases, a classmate or schoolmate may also have T1DM. However, these interactions are often brief and superficial, focusing on topics like whether they use specific technologies such as insulin pumps, the manufacturer’s brand, or their HbA1c values:


"We talked about our measuring and pumping systems. She doesn't like the sensor system. I'm not a hundred percent sure, but I think she had a pump with a tube. […] And that's basically all we said about diabetes." (P9:10)
 

Some adolescents express an unmet desire to exchange experiences with peers:


"But (…) Now (…) looking back (…) […] I would like to talk to others about how they experienced it." (P1:48)
 

For some, the idea of exchanging experiences with peers becomes more appealing when combined with another activity. For example, one interviewee expressed interest in a sailing camp for adolescents with diabetes, which they can join from the age of 16. The flyer for the camp was seen in the hospital corridor. The combination of learning to sail and interacting with peers seemed to attract their attention:


"At first (…) to learn how to sail. But it would also be cool to spend time with people who also have diabetes, to see how they do it. And, you know, how they manage it in school, for example." (P18: 32)
 

Some prefer to talk to their close friends rather than unfamiliar peers. These close friends are knowledgeable about the disease and are considered a significant source of support:


"My classmates also knew about it. And my closest friends, the ones I'm always with, I explained to them what they should look out for or symptoms, for example, if I get pale, they should ask if I want to check my blood sugar. I told them some things about symptoms of both hypoglycemia and hyperglycemia, and they really help me." (P16:131)
 

A reference person who can provide support in more challenging times can also be someone who does not have the disease. In this case, they are seen as offering emotional support:


"I already know everything, and I don't necessarily need other people there. But simply having that emotional support could mean that people can throw in ideas or something like that. And just the fact that even if neither I nor the others have diabetes and stuff, you still don't feel so alone at the moment. […] But maybe that came up later in the conversation. Always having someone there who listens to me. Maybe also brings in their own thoughts so that it happens. Maybe we can discuss this here again. So, somehow, a reference person." (P19:88)
 

For others, communicating with peers of the same age who have the same disease is of value, allowing them to ask questions they might not ask an adult, such as their parents, perhaps due to tension within the family. They feel better understood by peers of their own age, without indicating a preference for in-person or digital contact:


"I think it's important because they can understand. And you feel like you can relate to everything, and you get suggestions or something. So, if you ask someone who doesn't have diabetes, they can't make suggestions." (P2:90)
 

For others, the age of their peers does not seem to play a crucial role, either in information exchange or in more personal or emotional exchanges. However, the fact that others have the same disease, regardless of age, plays a significant role. These individuals with T1DM can be, for example, an older distant cousin, a teacher, an aunt, or an individual from a support group. In one instance, the interviewee received individual support from an adult at school:


"I had assistance from the first grade to the sixth grade, and she was only with me at school, helping me. I built a very strong relationship with her, and it really (…) She was like an aunt to me, who just stood by me and understood me […] She also helped me deal with giving insulin injections outside. I always had a problem with that (.) Okay, so why do I want to pull this pump out now? Everyone will look at me strangely. I was always afraid of that. But she helped me normalize it." (P7:91-97)
 

Finally, individuals followed on social media without personal contact are considered peers and examples, whether for learning or community-building purposes, the latter of which reducing feelings of loneliness:


"It's still different to see people who have it themselves, how they deal with it, rather than just being told by a doctor, who may know a lot about it but doesn't have it themselves. It's still different to have those experiential values. To have it and because, usually, the people are a bit older and have more experience, so that you can integrate it well or just not feel so alone." (P19:34)
 

In general, adolescents report that peer groups are more active for parents who exchange information with other parents, whether online or in face-to-face meetings, sharing insights into new technologies and more.



3.3 Communication and interaction between individuals and physicians

Digital tools are relatively underutilized in Germany, both for video conferences during regular outpatient consultations and for other tools related to scheduling appointments or asking questions outside of appointments. Some young individuals prefer in-person consultations, believing that personal contact is important, especially for receiving advice, and find it more pleasant:


"So. That was different. Definitely. So, personal conversation is better. And you ask more questions, maybe get some better advice, and it's just more pleasant. But it worked over the phone." (P4:60)
 

Others would prefer online consultations because they live far from hospitals and believe it does not affect the quality of communication:


"That would be better. I wouldn't have to spend 1.5 hours coming here. I could save a lot of time." (P6:134)
 

Some would opt for a combination of both:


"Well, definitely come here once every six months. Just to discuss, check the values, and make sure everything is okay. But maybe, for example, suggest that we meet the other time and alternate between in-person and phone consultations. That way, people who are a bit busier or always there don't lose so much time, but can do it from home and save some stress or something." (P4:64)
 

Others, taking a pragmatic view of the situation, propose a combination of face-to-face and online contact points. This is because some tests or checks must be done in person, and they are also aware of the healthcare system’s billing requirements for health insurance:


"Actually, quite good, especially when you drive for an hour that day. And if it's just about talking about the values, where I have them and she also has them in front of her, then it's actually unnecessary to drive extra. It's necessary for measurements. So, giving blood values, body weight […] So, I have to come once a quarter. So, I'm not exactly sure why, but I think it's because of the health insurance billing, that's necessary." (P17:90-92)
 

Outside of appointments, communication primarily occurs between parents and physicians or other experts via phone or email, regardless of the adolescent’s age. Most adolescents do not use these two means of communication, and some even consider them unreliable:


"I find email a bit unreliable." (P4:82),

"Well, I think it would work. But the experience I've had is that you overlook it very quickly. So, that you misunderstand it. Either a problem arises where it doesn't get through, and stuff like that." (P16:96)
 

Some adolescents would prefer other digital tools to facilitate communication, especially in time-sensitive situations where there is a risk of not getting answers to their questions:


"I don't know of an example, but for instance, we had a situation where my values were really high one evening. All through the night, too. And then we called the next day. And if that could be solved more quickly with some kind of app, I don't know, I'm not familiar with it, but if it could be resolved more quickly, so you don't have to call, and then the doctor has something to do, but instead, I don't know, write something where you can see it right away or something like this. It would help me." (P4:76)
 

Some have drawn parallels with applications implemented by schools during the COVID-19 pandemic for course management. Consequently, they expressed a desire to have the option to use a similar type of application in the medical field. For instance, they wished to engage in direct chats with physicians for inquiries, rescheduling appointments, interacting with other individuals with T1DM, or swiftly perform calculations to determine whether certain foods are suitable for consumption or not, all in real-time.

In this section, the results show that adolescents, regardless of their age, are relatively less engaged in communication with physicians or experts outside of appointments. Preferences for in-person or digital consultations are highly heterogeneous, and technological ideas have been clearly expressed by the interviewees.




4 Discussion

This study and its results identify an urgent need for development within the space of digital intervention aimed at improving health literacy for adolescents with type 1 diabetes. Such digital interventions as those widely used by the target group have the potential to support adolescents as they navigate the management of this chronic disease during a vulnerable period of life. Based on literature reviews (18, 25), this study and its results allow a deeper understanding of the specific needs of those directly affected, i.e., adolescents with type 1 diabetes. This is a valuable perspective for healthcare systems to take into account.

The analysis and findings of this study have identified three dominant themes. The first theme pertains to information access and adolescent perspectives’ revealing diverse opinions on various sources of information, both digital and non-digital. The second theme, focusing on peer relationships, exhibits heterogeneous statements regarding the significance of peer relationships, but relatively uniform opinions concerning the lack of knowledge about existing digital structures and platforms. The third theme, concerning perceptions, opinions and wishes regarding communication and interaction between adolescents and physicians, highlighted the desire for new digital forms of communication.

Based on these results, the authors emphasize three key points for future reflection, research, and policy formulation. Firstly, it is essential to provide adolescents with T1DM better access to available digital health interventions from institutions and experts (such as physicians) to enhance their disease management alongside the information received in institutional settings. This accessibility should be paralleled by the promotion of digital health literacy to ensure adolescents are well-equipped to use digital tools optimally. Secondly, it is crucial for this digital offering to be tailored and personalized to individual patients, catering to their unique needs. Finally, strategies for integrating digital tools should be developed with the active participation of adolescents with T1DM to better address the needs of this population.

This study reveals that across the three analyzed themes (information access, peer exchange, and communication), that there is a lack of communication from experts and institutions regarding the availability and accessibility of digital interventions. Officially, access to information occurs either within institutions (such as in hospital settings during regular outpatient consultations or in inpatient or outpatient rehabilitation facilities), or through intensive training programs following guidelines such as the ISPAD, for example (27). The positive effects of these in-person official information sessions on patient engagement and motivation have been demonstrated (28, 29). However, despite the positive impact of this information, the study results show that an excess of information, overly complicated information, or the fact that adolescents hesitate to ask questions when they do not understand the information for various reasons can lead some adolescents to seek information through digital interventions (such as YouTube or other social media platforms or the internet); information that is not recommended by physicians and whose quality is not verified. To address this issue, action should be taken on two fronts: First, regarding information overload and poor comprehension, it is crucial to ensure patient understanding, particularly to enhance their health literacy. This could be achieved through techniques such as “Plain Language,” which avoids complicated language and medical jargon, “Teach-Back” to confirm understanding of provided information, “Shared Decision Making” to collaborate with patients in reaching a common decision, or “Chunk and Check,” a strategy that breaks down large amounts of information into smaller sections, facilitating comprehension and retention of essential information (30, 31). Secondly, as the study shows that due to poor understanding, adolescents seek information elsewhere without expert verification, access to digital interventions should be guided. It is important to emphasize that the effectiveness of digital health interventions for patients with T1DM, whether for clinical improvements (13, 32) or their impact on health literacy (18), is supported by scientific literature. In light of this situation, it is necessary to ensure that the use of digital tools for information seeking occurs in conjunction with institutional training. Additionally, digital offerings should be endorsed and recommended by experts and institutions to ensure the quality of available information. In addition to access to this offering, it is important to support the use of digital tools through the promotion of digital health literacy. Improving the accessibility and visibility of digital offerings and their guidance by experts applies not only to information access and comprehension but also to peer interactions and communication between physicians and patients. The peer relationship and the communication between the physicians and the patient are also seen as an important source of information.

Moreover, recommendations made by experts and institutions to patients for specific types of digital health interventions must be personalized and individualized, considering the diverse needs of adolescents with T1DM. Indeed, the study results demonstrate heterogeneous opinions regarding the needs and desires for digital tool use and their perspectives on usefulness, whether for information access and comprehension, peer interaction, or communication with physicians. The literature also emphasizes the need to be more patient-oriented and provide personalized approaches to better target patient needs (33–36).

Finally, the study highlights the need to develop tools that allow for the active participation of those concerned, in this case T1DM patients, in institutional strategic planning. It is crucial to involve patients in decisions made at the organizational level (37, 38).

The three points mentioned above, which can serve as the basis for future deliberations, research, and policy development, align with the guidelines outlined in the recent report from the World Health Organization Regional Office for Europe, which explicitly underscores the need for action and highlights the role of national government agencies in monitoring the adoption and implementation of digital health solutions, making funding available, and promoting digital health and literacy (World Health Organization, Regional Office for Europe) (19). Similarly, in Germany, as mentioned by the Federal Ministry of Health (20), digitalization offers immense potential but is currently underutilized. It not only needs to be leveraged more effectively but also in conjunction with the promotion of digital health literacy (39, 40). Improved utilization of digital health interventions must also comply with the General Data Protection Regulation (GDPR) (41), which often restricts possibilities.

One of the major strengths of this study is the inclusion of the hard-to-reach group represented by adolescents with T1DM. The majority of interviews (n = 18) in a hospital setting ensured a diversified sample and avoided snowball or convenience sampling effects, allowing for a wide range of perspectives and thus resulting in heterogeneous groups. The interviews provided rich information on the need and manner of integrating digital interventions to promote health literacy among adolescents with T1DM. Data saturation was achieved and approved by the co-authors of this study. The conducted interviews no longer revealed significant new information compared to previous ones, indicating content saturation (26). However, several limitations must be acknowledged. Firstly, the second part of recruitment (n = 18) was limited to one hospital, in Germany, to ensure in-person participation. Additionally, self-reflection on one’s own position is crucial in qualitative research, especially as an adult who may be perceived as an authoritative figure by adolescents. The author’s subjectivity is not denied and is utilized as productive resource in the research (42).



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by The study design and the interview guide have been summitted to the ethics committee of Medical School Hannover and have been accepted the 18th of October 2022. Approval number: 10559_BO_K_2022. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Written informed consent was obtained from the minor(s)’ legal guardian/next of kin for the publication of any potentially identifiable images or data included in this article.



Author contributions

AN: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. NF: Conceptualization, Data curation, Formal analysis, Investigation, Supervision, Validation, Writing – review & editing. HT-G: Methodology, Supervision, Validation, Writing – review & editing. VA: Conceptualization, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1340196/full#supplementary-material



References

 1. Jaworska, N, and MacQueen, G. Adolescence as a unique developmental period. J Psychiatry Neurosci. (2015) 40:291–3. doi: 10.1503/jpn.150268 

 2. Pinquart, M. Wenn Kinder und Jugendliche körperlich chronisch krank sind: Psychische und soziale Entwicklung, Prävention, Intervention. Berlin, Heidelberg: Springer Berlin Heidelberg (2013).

 3. Sawyer, SM, Drew, S, Yeo, MS, and Britto, MT. Adolescents with a chronic condition: challenges living, challenges treating. Lancet. (2007) 369:1481–9. doi: 10.1016/S0140-6736(07)60370-5

 4. Die 18. Shell Jugendstudie. Shell Energy. (2019). Available at: https://www.shell.de/ueber-uns/initiativen/shell-jugendstudie.html [Accessed December 23, 2023].

 5. JIM-Studie. Medienpädagogische Forschungsverbund Südwest (mpfs). (2023). Available at: https://www.mpfs.de/studien/jim-studie/2023/ [Accessed December 23, 2023].

 6. Lin, X, Xu, Y, Pan, X, Xu, J, Ding, Y, Sun, X , et al. Global, regional, and national burden and trend of diabetes in 195 countries and territories: an analysis from 1990 to 2025. Sci Rep. (2020) 10:14790. doi: 10.1038/s41598-020-71908-9 

 7. World Health Organisation. Diabetes key facts (2023). Available at: https://www.who.int/news-room/fact-sheets/detail/diabetes [Accessed September 8, 2023].

 8. Saeedi, P, Petersohn, I, Salpea, P, Malanda, B, Karuranga, S, Unwin, N , et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the international diabetes federation diabetes atlas, 9th edition. Diabetes Res Clin Pract. (2019) 157:107843. doi: 10.1016/j.diabres.2019.107843

 9. Kordonouri, O, and Kerner, W. Type 1 diabetes: an update. Internist (Berl). (2021) 62:627–37. doi: 10.1007/s00108-021-01009-w 

 10. Fan, Z, Yang, Y, and Zhang, F. Association between health literacy and mortality: a systematic review and meta-analysis. Arch Public Heal. (2021) 79:119. doi: 10.1186/s13690-021-00648-7 

 11. Gibney, S, Bruton, L, Ryan, C, Doyle, G, and Rowlands, G. Increasing health literacy may reduce health inequalities: evidence from a National Population Survey in Ireland. Int J Environ Res Public Health. (2020) 17:5891. doi: 10.3390/ijerph17165891 

 12. Duke, DC, Barry, S, Wagner, DV, Speight, J, Choudhary, P, and Harris, MA. Distal technologies and type 1 diabetes management. Lancet Diabetes Endocrinol. (2018) 6:143–56. doi: 10.1016/S2213-8587(17)30260-7 

 13. Eberle, C, Löhnert, M, and Stichling, S. Effectiveness of disease-specific mHealth apps in patients with diabetes mellitus: scoping review. JMIR Mhealth Uhealth. (2021) 9:e23477. doi: 10.2196/23477 

 14. Ho, Y-X, O’Connor, BH, and Mulvaney, SA. Features of online health communities for adolescents with type 1 diabetes. West J Nurs Res. (2014) 36:1183–98. doi: 10.1177/0193945913520414 

 15. Shan, R, Sarkar, S, and Martin, SS. Digital health technology and mobile devices for the management of diabetes mellitus: state of the art. Diabetologia. (2019) 62:877–87. doi: 10.1007/s00125-019-4864-7 

 16. Caburnay, CA, Graff, K, Harris, JK, McQueen, A, Smith, M, Fairchild, M , et al. Evaluating diabetes mobile applications for health literate designs and functionality, 2014. Prev Chronic Dis. (2015) 12:E61. doi: 10.5888/pcd12.140433 

 17. Bakhach, M, Reid, MW, Pyatak, EA, Berget, C, Cain, C, Thomas, JF , et al. Home telemedicine (CoYoT1 clinic): a novel approach to improve psychosocial outcomes in young adults with diabetes. Diabetes Educ. (2019) 45:420–30. doi: 10.1177/0145721719858080 

 18. Naef, A. Impact of digital health for adolescents with type 1 diabetes mellitus on health literacy. Eur J Public Health. (2023) 33:ckad160.1404. doi: 10.1093/eurpub/ckad160.1404

 19. Digital Health in the WHO European Region. The ongoing journey to commitment and transformation. (2023). Available at: https://www.who.int/europe/publications/m/item/digital-health-in-the-who-european-region-the-ongoing-journey-to-commitment-and-transformation [Accessed September 10, 2023].

 20. Federal Ministry of Health. Digitalisation Strategy for Health and Care. (2023). Available at: https://www.bundesgesundheitsministerium.de/en/topics/digitalisation/digitalisation-strategy [Accessed September 14, 2023].

 21. Willig, C. Perspectives on the epistemological bases for qualitative research In: H Cooper, PM Camic, DL Long, AT Panter, D Rindskopf, and KJ Sher, editors. APA handbook of research methods in psychology, Vol. 1. Foundations, planning, measures, and psychometrics. US: American Psychological Association (2012). 5–21.

 22. Kuckartz, U, and Rädiker, S. Qualitative Inhaltsanalyse. Methoden, Praxis, Computerunterstützung: Grundlagentexte Methoden. 5. Auflage ed. Weinheim, Basel: Beltz Juventa (2022).

 23. Tong, A, Sainsbury, P, and Craig, J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for interviews and focus groups. International J Qual Health Care. (2007) 19:349–57. doi: 10.1093/intqhc/mzm042 

 24. Reinders, H. Qualitative Interviews mit Jugendlichen führen. Ein Leitfaden. München und Wien: R. Oldenbourg (2005).

 25. Bröder, J, Okan, O, Bauer, U, Bruland, D, Schlupp, S, Bollweg, TM , et al. Health literacy in childhood and youth: a systematic review of definitions and models. BMC Public Health. (2017) 17:361. doi: 10.1186/s12889-017-4267-y 

 26. Saunders, B, Sim, J, Kingstone, T, Baker, S, Waterfield, J, Bartlam, B , et al. Saturation in qualitative research: exploring its conceptualization and operationalization. Qual Quant. (2018) 52:1893–907. doi: 10.1007/s11135-017-0574-8 

 27. Gregory, JW, Cameron, FJ, Joshi, K, Eiswirth, M, Garrett, C, Garvey, K , et al. ISPAD clinical practice consensus guidelines 2022: diabetes in adolescence. Pediatr Diabetes. (2022) 23:857–71. doi: 10.1111/pedi.13408 

 28. Lange, K, Klotmann, S, Saßmann, H, Aschemeier, B, Wintergerst, E, Gerhardsson, P , et al. A pediatric diabetes toolbox for creating centres of reference. Pediatr Diabetes. (2012) 13:49–61. doi: 10.1111/j.1399-5448.2012.00913.x 

 29. Christie, D, Thompson, R, Sawtell, M, Allen, E, Cairns, J, Smith, F , et al. Structured, intensive education maximising engagement, motivation and long-term change for children and young people with diabetes: a cluster randomised controlled trial with integral process and economic evaluation - the CASCADE study. Health Technol Assess. (2014) 18:1–202. doi: 10.3310/hta18200 

 30. Brach, C. The Journey to Become a Health Literate Organization: A Snapshot of Health System Improvement. Stud Health Technol Inform. (2017) 240:203–372.

 31. Cifuentes, M, Brega, AG, Barnard, J, Mabachi, NM, Albright, K, Weiss, BD , et al. Guide to implementing the health literacy universal precautions toolkit.: Practical ideas for primary care practices. Rockville, MD: Agency for Healthcare Research and Quality (2015).

 32. Stevens, S, Gallagher, S, Andrews, T, Ashall-Payne, L, Humphreys, L, and Leigh, S. The effectiveness of digital health technologies for patients with diabetes mellitus: a systematic review. Front Clin Diabetes Healthc. (2022) 3:936752. doi: 10.3389/fcdhc.2022.936752 

 33. Scholl, I, Zill, JM, Härter, M, and Dirmaier, J. An integrative model of patient-centeredness - a systematic review and concept analysis. PloS One. (2014) 9:e107828. doi: 10.1371/journal.pone.0107828 

 34. Zeh, S, Christalle, E, Zill, JM, Härter, M, Block, A, and Scholl, I. What do patients expect? Assessing patient-centredness from the patients’ perspective: an interview study. BMJ Open. (2021) 11:e047810. doi: 10.1136/bmjopen-2020-047810 

 35. Hower, KI, Vennedey, V, Hillen, HA, Kuntz, L, Stock, S, Pfaff, H , et al. Implementation of patient-centred care: which organisational determinants matter from decision maker’s perspective? Results from a qualitative interview study across various health and social care organisations. BMJ Open. (2019) 9:e027591. doi: 10.1136/bmjopen-2018-027591 

 36. Leidner, C, Vennedey, V, Hillen, H, Ansmann, L, Stock, S, Kuntz, L , et al. Implementation of patient-centred care: which system-level determinants matter from a decision maker’s perspective? Results from a qualitative interview study across various health and social care organisations. BMJ Open. (2021) 11:e050054. doi: 10.1136/bmjopen-2021-050054 

 37. The Mental Health Network Switzerland. Ein Leitfaden zur Partizipation von Jugendlichen in Projekten der Gesundheitsförderung. (2023). Available at: https://www.npg-rsp.ch/news/detail/article/ein-leitfaden-zur-partizipation-von-jugendlichen-in-projekten-der-gesundheitsfoerderung.html [Accessed September 14, 2023].

 38. World Health Organisation. Youth-centred digital health interventions: A framework for planning, developing and implementing solutions with and for young people. (2020). Available at: https://www.who.int/publications-detail-redirect/9789240011717 [Accessed September 18, 2023].

 39. Federal Ministry for Family Affairs, Senior Citizens, Women and Youth. Agenda für smarte Gesellschaftspolitik-Gemeinsam im Wandel. (2023). Available at: https://www.bmfsfj.de/bmfsfj/service/publikationen/agenda-fuer-smarte-gesellschaftspolitik-gemeinsam-im-wandel-179104 [Accessed September 18, 2023].

 40. van Kessel, R, Wong, BLH, Clemens, T, and Brand, H. Digital health literacy as a super determinant of health: more than simply the sum of its parts. Internet Interv. (2022) 27:100500. doi: 10.1016/j.invent.2022.100500 

 41. EU General Data Protection Regulation. Regulation (EU) 2016/679 of the European Parliament and of the council of 27 April 2016 on the protection of natural persons with regard to the processing of personal data and on the free movement of such data, and repealing directive 95/46/EC (general data protection regulation, GDPR). Off J Eur Union. (2016) L119. Art. 28:44–50.

 42. Green, J, and Thorogood, N. Qualitative methods for Health Research. London: Sage Publications (2004).


Copyright
 © 2024 Naef, Fischbock, Tezcan-Güntekin and Amelung. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Adolescents with type 1 diabetes’ perspectives on digital health interventions to enhance health literacy: a qualitative study



		1 Introduction



		2 Methodology



		2.1 Research design



		2.2 Inclusion criteria and recruitment



		2.3 Data collection and processing



		2.4 Data analysis



		2.5 Ethics statement









		3 Results



		3.1 Access to information



		3.2 Peer-to-peer relations



		3.3 Communication and interaction between individuals and physicians









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1340196-t001.jpg
Information

Peer-to-peer

Communication and interaction

between patient and physician

+ Source of information: training programs,

rehabilitation programs, consultations

Manufacturers as a source of information
(digital)

+ Online forums and social media do not
play 2 major role in peer relations = lack
of information about existing platforms

and litde interest

Parents for parents

Friends, family or other contact person /

confidants play an

important role, not only to get

information, but for emotional support

Little use of digital interventions

Different perspective about the use of

digital interventions

-mails not used by adolescents >

perceived asa not efficient and

non-secure

Communication and interact

n happen

between parents and phy:

excluding patients





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Adolescents with type 1 diabetes’
perspectives on digital health
interventions to enhance health
literacy: a qualitative study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
& frontiers Frontiers in Public Health






