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Abstract

Purpose: This study aims to develop an integrated telemedicine model to enhance the management and treatment of allergic disorders. Challenges like the completion of standardized clinical questionnaires, for example, the Urticaria Activity Score 7 (UAS7) for chronic urticaria and the Rhinitis Control Assessment Test (RCAT) for chronic rhinitis are also addressed. The goal is to improve data-collection methods, increase patient adherence and assist healthcare providers with timely and personalized clinical data interpretation.

Methods: The system was built on WordPress, and the interface was created using Python to generate electronic medical records. Each record, placed in the corporate cloud, contains certain questionnaires that are available to the patients via individual links. The data were processed using MATrix LABoratory (MATLAB) to evaluate adherence and outcomes.

Results: Among 100 patients, 76 patients reported completing their questionnaires via telemedicine, with 81% of the Urticaria Activity Score (UAS) being adherent compared to 57% for the RCAT. Adherence declined with the progression of the treatment cycles, showing a downtrend in patient input during prolonged therapies.

Conclusions: Telemedicine is useful to control clinical information in the field of allergology. On the other hand, the decrease in adherence with longer treatments calls for specific solutions, including reminders to patients. Subsequent development will aim to use artificial intelligence to broaden telemedicine for other allergic diseases, thus improving its precision and, above all, patient care.

Plain Language Summary

This study developed a simple, low-cost telemedicine system to help patients with allergic rhinitis and chronic urticaria track their symptoms remotely. Using available tools (a website and Excel forms), patients completed validated questionnaires (Urticaria Activity Score 7 [UAS7] for chronic urticaria and the Rhinitis Control Assessment Test [RCAT]) from home. The aim was to improve the monitoring of allergic diseases and assess how well patients adhere to digital follow-up methods.

Among 100 participants, 76% successfully completed their questionnaires online. Adherence was higher among patients with chronic urticaria (81%) than those with allergic rhinitis (57%). Patients who were younger or had higher education levels were slightly more likely to engage with the system, although age differences were not statistically significant.

These findings suggest that telemedicine can be an effective tool in allergy care when designed with simplicity and accessibility in mind. Future plans include developing a mobile app with reminders to further improve long-term adherence and expand digital monitoring to other allergic conditions.
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With the advance of personalized medicine, more sophisticated and targeted tools are essential to manage a patient’s allergic conditions. Telemedicine has a fundamental role in allergology to address the growing need for personalized medicine. Telemedicine, with its ability to provide healthcare services remotely, represents a unique opportunity to improve access to care and the management of allergic diseases.1,2

In clinical allergology and immunology, several standardized questionnaires are available to evaluate the impact of allergic, respiratory and skin diseases on quality of life, symptom control and therapy effectiveness.

Within this landscape, clinicians can choose among many validated, condition-specific questionnaires (including pediatric and abbreviated versions) for respiratory, food and skin allergies, supporting standardized evaluation of symptoms, disease control and quality of life.

The adherence rate to telemedicine varies significantly depending on the context. Moreira et al. highlighted the fact that adherence to telemedicine treatments can range from 15% to 70%. It was also observed that the use of diverse techniques and the implementation of shorter programs are associated with improved adherence.3 Furthermore, for respiratory allergic diseases like asthma, remote monitoring shows promise to improve symptom control and treatment adherence.4

UAS7 and RCAT

Chronic spontaneous urticaria and allergic rhinitis are among the most common clinical conditions in allergic patients. This study focuses on the use of the Urticaria Activity Score 7 (UAS7) and the Rhinitis Control Assessment Test (RCAT) in clinical allergology.

The UAS7 and RCAT are the most suitable questionnaires for the assessment of urticaria and rhinitis. They are important tools in research and in clinical practice, and above all, they are essential for each patient’s assessment of their diseases (being relatively simple, very specific, and providing reliable information for follow-up and treatment).1,5,6

The UAS is based on two main parameters: the number of wheals, scored from 0 (no wheals) to 3 (more than 50 wheals per day), and the intensity of itching, ranging from 0 (no itching) to 3 (severe itching). These two scores are added daily to obtain a maximum value of 6. A weekly version of the score, the UAS7, is also available, where “7” refers to the number of consecutive days for which the score is calculated. By summing the daily scores over 1 week, the UAS7 ranges from 0, indicating no symptoms, to 42, reflecting maximum disease activity.

The UAS is recommended by major international guidelines, such as those from the European Academy of Allergology and Clinical Immunology, Global Allergy and Asthma Excellence Network (GA2LEN), and World Allergy Organization (WAO). It is widely used in clinical practice and research to monitor disease progression and evaluate treatment efficacy. Despite its usefulness, it has limitations, such as excluding angioedema and relying on the patient’s subjective perception to assess itching intensity. Nevertheless, it remains a fundamental tool for the systematic monitoring of chronic spontaneous urticaria.

The RCAT questionnaire is designed to evaluate the control of allergic chronic rhinitis in patients.6 It contains six questions covering various aspects of chronic rhinitis, including the frequency of symptoms, the impact on daily activities, and the overall well-being of the patient. The RCAT is a valuable tool to identify patients who need treatment adjustments, thereby improving the management of allergic chronic rhinitis. Due to their ease of use, both questionnaires can be administered during clinical visits or via telemedicine, allowing for regular and timely monitoring of the patient’s condition.

Despite their proven usefulness, UAS and RCAT often present adherence difficulties for patients, especially when administered in paper format.7

Scientific studies highlight the fact that common challenges include forgetfulness, difficulty in understanding the questions, and the perception of the questionnaire as an overly complex process. To overcome these difficulties, the adoption of digital solutions and telemedicine is crucial.8

The scientific literature also reveals that creating a digital platform for administering the questionnaires allows patients to complete their responses easily and quickly using mobile devices or computers.9

Additionally, the integration with automatic reminder systems significantly improves adherence, ensuring that the questionnaires are completed within the expected timeframes.

Goals and Objectives

This study focuses on the creation of a system for managing and accessing patient information in a telemedicine context and helping to improve adherence issues.

The aim of this project, which involves the adoption of telemedicine, is to adapt the questionnaires to technological advancements, such as the transition from paper documentation to digital management. Therefore, it is essential to create a system that facilitates the comprehensive visualization of the patient group and streamlines the quantification of their clinical data.

Another aim is the development of an integrated system for managing and accessing patient information specifically designed for a telemedicine context. This system not only facilitates the administration and completion of clinical questionnaires by patients but also improves the accuracy and timeliness of the clinical data collected. Furthermore, the digitization of data management allows for a clearer and more comprehensive visualization of the patient group, enabling healthcare professionals to monitor and quantify patients’ clinical conditions more effectively.10,11

Finally, the project described in this study aims to integrate telemedicine into allergology practice, with the goal of improving patient adherence, the quality of the collected data and ultimately, therapeutic outcomes. The evolution towards a digital management system represents a crucial opportunity for modern allergology, enabling it to address the current and future challenges of personalized medicine.

Materials and Methods

Patient Treatment Schemes and Follow-Up

A total of 100 patients were enrolled in this real-life study with a mean age of 32.95 ± 10.85 years (Figure 1A), including 49 males and 51 females (Figure 1B).

Fig. 1.Demographic characteristics, education level, and telemedicine adherence in the total study population. Mean age and standard deviation of the entire patient cohort (A) Numerical distribution of the entire cohort based on sex (B); Distribution of the entire cohort based on education level: graduates, non-graduates, and patients with undocumented education levels (C); Percentage of patients who adhered to telemedicine, calculated regarding the total patient cohort based on questionnaire responses (D); Mean age and standard deviation of all patients who adhered to telemedicine (E); Numerical distribution of all patients adhering to telemedicine based on sex (F); Distribution of patients adhering to telemedicine based on education level: graduates, non-graduates, and patients with undocumented education levels (G); Mean age and standard deviation of all patients who did not adhere to telemedicine (H); Numerical distribution of non-adherent patients based on sex (I); Distribution of non-adherent patients based on education level: graduates, non-graduates, and patients with undocumented education levels (L).
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All the patients were treated according to the international guidelines for chronic urticaria and allergic rhinitis. The clinical features of the entire patient cohort, including diagnosis (chronic urticaria or chronic rhinitis), telemedicine adherence rate, age distribution, sex, and prescribed therapy, are shown in Appendix A, which provides a comprehensive overview of baseline characteristics for both diagnostic groups, allowing direct comparison between adherent and non-adherent patients.

In particular, 79 patients with chronic rhinitis and 21 patients with urticaria were analyzed. Patients with chronic rhinitis received the RCAT questionnaire, while patients with chronic urticaria received the UAS7 questionnaire.

In this study, the term “telemedicine” refers exclusively to the remote collection of clinical data through digital self-administered questionnaires (UAS7 and RCAT), without involving other forms of real-time clinical interaction.

The electronic version of both questionnaires was provided to each patient. Patients who explicitly requested the paper questionnaire were excluded from the study (digital-first enrollment; only patients consenting to electronic completion [UAS7/RCAT] were included).

No specific evaluation of patients’ ability or preference to use digital tools (i.e., no pre-screening for digital skills or device access) was conducted.

For all patients, information regarding education level was collected, including bachelor’s degree, master’s degree, and PhD qualifications.

All the patients received therapies according to the international guidelines for the standard treatments for allergic rhinitis and chronic urticaria. A monthly follow-up for the clinical efficacy of the treatment was performed.

This observational real-life study, conducted without experimental interventions or deviations from standard clinical practice, did not require Ethics Committee approval according to Italian regulations (Ministerial Decree 30/11/2021, implementing the (European) EU Regulation 536/2014), as it involved anonymized clinical data collected during routine care and complied with the Declaration of Helsinki and General Data Protection Regulation (GDPR) (EU 2016/679). All patients provided written informed consent for the processing of personal and health-related data before the clinical visit. All procedures performed were consistent with the standard of care.

Creation of Digital Medical Record

The system was implemented on a dedicated website, using the WordPress CMS and the HTML programming language. The front-end part of the website has a section dedicated to entering patient data (name and surname).

To enable automatic data entry into the back-end part of the website, a graphical interface was developed using Python. Specifically, the Tkinter library was used to create an efficient and intuitive Graphical User Interface (GUI), facilitating the physician’s interaction with the system by simplifying the process of creating, for each patient, a medical record containing the questionnaire related to the diagnosed pathology.

A technical description of the system’s functionality and the implemented solutions for managing digital medical records are provided in the Appendix B (“Technical Description of the Digital Medical Record Management System”).

Essential Components for Computerized Management

The programmer implemented the following:


	Python: Programming language, known for its versatility and accessibility, was used to design a free and intuitive system that locally creates a medical record for each patient on a corporate cloud storage service.

	Corporate cloud storage service was used as a secure and free data storage platform; it offers a practical and easily accessible solution for managing medical information. In this study, all clinical data were stored on Google Drive, chosen as a secure and reliable corporate cloud service. Google Drive ensures encryption at rest (AES-256) and encryption in transit (TLS/SSL), protecting data both during storage and transfer. Access to the Drive was restricted to authorized personnel only, with account-level security managed through Google’s Identity and Access Management system (two-factor authentication and activity logging were enabled to track access events). Patient questionnaires were distributed via individualized, revocable HTTPS links, avoiding open directories. Furthermore, predefined data retention periods and protected backups were enforced in accordance with GDPR principles of data minimization and integrity. This solution provided a safe, GDPR-compliant environment for long-term storage of anonymized clinical data, guaranteeing confidentiality, integrity, and availability as required by GDPR Article 32.12–14



From the patients’ perspective, the process of completing the questionnaires consists of two simple steps. The tools they see and use are:


	-Website (www.marcelloalbanesi.com): In the dedicated section, the patient simply needs to enter their first and last name to access their questionnaire file, making the access process extremely intuitive.


	-Excel File: Easy to fill out and widely compatible, as many PCs come with the Office suite, and many modern smartphones have pre-installed or easily downloadable apps that open Office files, including Excel files. This choice makes the user interface immediately familiar and simple to use.




Data Analysis

In addition, at the same time, an Excel archiving file was developed for data analysis, which includes detailed information for each patient, such as name, surname, age, sex, pathology, and the specific choice to adopt telemedicine.

Subsequently, data analysis was conducted entirely using MATLAB (MathWorks).

Language Editing and Translation Support

ChatGPT 4.0 (OpenAI) was used only to support the translation of specific words and technical terms from Italian to English and for minor language adjustments. The authors drafted the manuscript; no scientific content was generated by artificial intelligence (AI), whose role was strictly limited to linguistic assistance. Scientific literature acknowledges ChatGPT as a valuable tool for non-native authors in improving academic texts, enhancing international scientific communication.15–19 AI-assisted editing was reviewed and validated by a domain expert to ensure accuracy. As noted by Palazzo et al., the optimal approach combines human expertise with AI capabilities.20

Results

Initial Therapy

The study sample consisted of 100 patients with a mean age of 32.95 ± 10.85 years (Figure 1A, indicating a relatively young adult cohort with moderate variability), including 49 males and 51 females (Figure 1B, showing an almost perfectly balanced sex ratio).

Among all the patients, 32 had at least a university degree, 53 did not hold a degree, while for 15 patients there was no information available regarding their educational level (Figure 1C, non-graduates represent slightly more than half of the cohort, followed by graduates and a smaller fraction with unknown education).

Overall, adherence to telemedicine was 76% among patients who completed their questionnaires online, compared to 24% of patients who did not complete the digital questionnaires (Figure 1D, a marked preference and completion rate for the digital format).

Therefore, out of the 100 patients:


	-76% (mean age: 29.47 ± 12.20 years, Figure 1E showing a lower mean age than the total sample: 38 males and 38 females, Figure 1F indicating perfect gender parity among adherents) successfully used the digital modality (telemedicine) for data compilation. Among these patients, 25 have at least one degree, 38 do not have a degree, and the educational level of 13 patients is unknown (Figure 1G, where non-graduates are the most represented group, followed by graduates, with a notable fraction of missing data).


	-24% (mean age: 34.45 ± 10.06 years, Figure 1H with a higher mean age compared to adherents; 11 males and 13 females, Figure 1I showing a mild female predominance) did not complete the digital modality. The patients, after initially indicating their intention to complete the digital version and thus not requesting the paper questionnaire, ultimately did not complete it. Among these patients, 7 had at least one degree, 15 did not have a degree, and the educational level of 2 patients is unknown (Figure 1L, where non-graduates also predominate, followed by graduates, with minimal missing data).




Furthermore, in addition to the descriptive analysis, statistical tests were performed to assess whether the differences between compliant and non-compliant patients were significant.

Specifically, the t-test revealed no statistically significant difference in age between compliant and non-compliant telemedicine patients (P = 0.094640).

In summary, Figure 1 shows that telemedicine adherence in the overall cohort was high and did not appear to be strongly influenced by sex or educational level, while adherent patients tended to be slightly younger on average than non-adherent ones.

Chronic Urticaria – UAS7

As for chronic urticaria, 79% of all patients (mean age: 33.58 ± 10.84 years, Figure 2A, similar age to the total sample; 34 males and 45 females, Figure 2B indicating a modest female predominance) completed the UAS questionnaire.

Fig. 2.Demographics, education level, and telemedicine adherence among patients with chronic urticaria (UAS7): Mean age and standard deviation of patients with chronic urticaria (A); Numerical distribution of the patient cohort with urticaria based on sex (B); Distribution of the patient cohort with urticaria based on education level: graduates, non-graduates, and patients with undocumented education levels (C); Percentage of patients who adhered to telemedicine, calculated regarding the total number of patients with urticaria, based on questionnaire responses (D); Mean age and standard deviation of all patients with urticaria who adhered to telemedicine (E); Numerical distribution of patients with urticaria adhering to telemedicine based on sex (F); Distribution of patients with urticaria adhering to telemedicine based on education level: graduates, non-graduates, and patients with undocumented education levels (G); Mean age and standard deviation of patients with urticaria who did not adhere to telemedicine (H); Numerical distribution of non-adherent patients with urticaria based on sex (I); Distribution of non-adherent patients with urticaria based on education level: graduates, non-graduates, and patients with undocumented education levels (L).
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Among all patients with urticaria (regardless of adherence to telemedicine), 24 (30.38%) hold at least a university degree, 43 (54.43%) did not have a degree, while for 12 (15.19%) patients, no information regarding their education was provided (Figure 2C, with non-graduates forming the largest category).

In these patients with urticaria, adherence to telemedicine was found to be 81% among those who opted to use the digital mode for completing the questionnaires, compared to 19% of patients who did not complete the digital mode (Figure 2D, indicating a high adherence rate in this subgroup).

Specifically, out of the 79 patients:


	-81% (mean age: 28.53 ± 11.69 years, Figure 2E showing a notably younger mean age than the non-adherent subgroup; 29 males and 35 females; Figure 2F confirming the female predominance) completed the form correctly. Among these patients, 19 (29.69%) had at least one degree, 33 (51.56%) did not have a degree, and the educational level of 12 patients (18.75%) was unknown (Figure 2G, where non-graduates clearly predominate, followed by graduates, with a substantial fraction unknown).


	-19% (mean age: 35.26 ± 10.12 years, Figure 2H, higher than adherents; 5 males and 10 females; Figure 2I, with a stronger female predominance) did not complete the form. Some patients, after initially indicating their intention to complete the digital version and thus not requesting the paper questionnaire, ultimately did not complete it. Among these patients, 5 (33.33%) had at least one degree, and 10 (66.67%) did not have a degree (Figure 2L, with no missing data and a clear majority of non-graduates).




In summary, Figure 2 shows that patients with chronic urticaria demonstrated a very high adherence to telemedicine, particularly among younger individuals, with female patients slightly more represented.

Education level distribution was similar between adherent and non-adherent groups.

Rhinitis – RCAT Score

Twenty-one percent of total patients (mean age: 30.56 ± 11.23 years, Figure 3A, slightly younger than the total sample; 15 males and 6 females; Figure 3B indicating a marked male predominance) received the RCAT questionnaire.

Fig. 3.Demographics, education level, and telemedicine adherence among patients with chronic rhinitis (Rhinitis Control Assessment Test [RCAT]): Mean age and standard deviation of patients with chronic rhinitis (A); Numerical distribution of the patient cohort with rhinitis based on sex (B); Distribution of the patient cohort with rhinitis based on education level: graduates, non-graduates, and patients with undocumented education levels (C); Percentage of patients who adhered to telemedicine, calculated regarding the total number of patients with rhinitis, based on questionnaire responses (D); Mean age and standard deviation of all patients with rhinitis who adhered to telemedicine (E); Numerical distribution of patients with rhinitis adhering to telemedicine based on sex (F); Distribution of patients with rhinitis adhering to telemedicine based on education level: graduates, non-graduates, and patients with undocumented education levels (G); Mean age and standard deviation of patients with rhinitis who did not adhere to telemedicine (H); Numerical distribution of non-adherent patients with rhinitis based on sex (I); Distribution of non-adherent patients with rhinitis based on education level: graduates, non-graduates, and patients with undocumented education levels (L).

[image: THMT-10-604-F3.jpg]

Among all patients with rhinitis (regardless of adherence to telemedicine), 8 (38.09%) hold at least a university degree, 10 (47.62%) did not have a degree, while for 3 (14.29%) patients, no information regarding their education level was provided (Figure 3C, showing a relatively balanced graduate/non-graduate split with a small unknown group).In these patients with rhinitis, adherence to telemedicine was found to be 57% among those who opted to use the digital mode for completing the questionnaires, compared to 43% of patients who did not complete the digital mode (Figure 3D, revealing a notably lower adherence compared to urticaria patients).

Specifically, out of the 21 patients:


	-57% (mean age: 29.87 ± 8.91 years, Figure 3E, comparable to the non-adherent; subgroup nine males and three females, Figure 3F reflecting a strong male predominance) completed the form. Among these patients, six had at least one degree, five did not have a degree, and the educational level of one patient is unknown (Figure 3G, with graduates slightly more represented).


	-43% (mean age: 31.25 ± 13.77 years, Figure 3H, marginally higher than adherents; six males and three females, Figure 3I maintaining male predominance) did not complete the form. Some patients, after initially indicating their intention to complete the digital version and thus not requesting the paper questionnaire, ultimately did not complete it. Among these patients, two had at least one degree, five did not have a degree, and the educational level of two patients is unknown (Figure 3L, where non-graduates form the majority, with a relevant share of missing data).




In summary, Figure 3 shows that adherence among chronic rhinitis patients was markedly lower than in urticaria patients, with similar mean ages between adherent and non-adherent groups. A predominance of male patients was observed in both adherent and non-adherent subgroups.

In case of prolonged therapy requiring a second and third completion of clinical diaries, the details regarding patient adherence trends and the specifics of the administered questionnaires are provided in supplementary material Appendix C (“Adherence trends in prolonged telemedicine therapy for chronic urticaria and chronic rhinitis”).

Integrated Comparison of UAS7 and RCAT Cohorts

To provide a more comprehensive view of the results, in addition to the detailed descriptions provided in the previous sections, a comparative summary integrating the main demographic variables and adherence data has been prepared in Table 1.




Table 1.Demographic characteristics and telemedicine adherence in the Urticaria Activity Score 7 (UAS7) vs. the Rhinitis Control Assessment Test (RCAT) cohorts: Consolidated comparison of demographic characteristics and telemedicine adherence between patients with cUAS7 and chronic rhinitis RCAT. The table reports the total number of patients, mean age with standard deviation (SD), sex distribution, educational level, and adherence rates to telemedicine questionnaires. For both cohorts, mean age is further stratified by adherence status (adherent vs. non-adherent). Percentages are calculated relative to the total number of patients within each disease group.


	Variable
	UAS7 (chronic urticaria)
	RCAT (chronic rhinitis)





	Total patients (n)
	79
	21



	Mean age ± SD (years)
	33.58 ± 10.84
	30.56 ± 11.23



	Sex – Male n (%)
	34 (43.0)
	15 (71.4)



	Sex – Female n (%)
	45 (57.0)
	6 (28.6)



	Education – Graduate n (%)
	24 (30.38)
	8 (38.09)



	Education – Non-graduate n (%)
	43 (54.43)
	10 (47.62)



	Education – Unknown n (%)
	12 (15.19)
	3 (14.29)



	Telemedicine adherence – n (%)
	64 (81.0%)
	12 (57.1)



	Non-adherent – n (%)
	15 (19.0)
	9 (42.9)



	Mean age of adherent ± SD
	28.53 ± 11.69
	29.87 ± 8.91



	Mean age of non-adherent ± SD
	35.26 ± 10.12
	31.25 ± 13.77




This summary allows for immediate visibility of the differences between the two clinical groups considered (patients with chronic urticaria and patients with chronic rhinitis), highlighting both the different demographic profiles and trends in adherence behavior.

This makes the analysis more compact and easily interpretable, strengthening the overall coherence of the presentation and supporting the observations emerging from the detailed descriptive analyses.

Furthermore, building on this comparative summary, the complete set of within- and between-cohort statistical tests by age, sex, and education is reported in the Appendix D (“Associations Between Telemedicine Adherence and Demographic/Educational Characteristics”).

Discussion

Low-Cost Information Systems for Telemedicine

Highly simple, widely known, and user-friendly IT tools were employed, ensuring a cost-effective and efficient approach.

The adoption of such technologies not only meets the need to modernize the process of collecting and managing clinical data but also represents a fundamental step towards more personalized and patient-centered medicine.9,21

The use of simple, free, and open-access systems for telemedicine reduces costs and technical barriers and promotes digital inclusion, allowing more people to benefit from healthcare innovations. This approach democratizes access to care, making it more accessible and sustainable in the long term.

The significance of this development lies in having created an efficient telemedicine system using simple and low-cost IT tools, demonstrating that advanced technological solutions can be achieved even with limited resources, without compromising the quality of the service provided.22

The ability to collect real-time data and access clinical information allows for more timely and personalized interventions, thereby improving clinical outcomes and the quality of life for patients with allergies.

Patient Adherence to Telemedicine

In scientific literature, adherence rates to telemedicine show significant variability.

For instance, the study by Radojević et al. on patients with Parkinson’s disease highlighted the usefulness of the Adherence to Refills and Medications Scale (ARMS) in evaluating adherence levels in individuals with chronic conditions.23

Similarly, the study by Jongen et al. analyzed adherence to digital questionnaires in patients with multiple sclerosis. After 2 years, 56.8% of patients completed the low-frequency questionnaires, while adherence was significantly higher for questionnaires administered less frequently.40

On the other hand, Moreira et al. found that adherence to telemedicine can range between 15% and 70%. They also highlighted the fact that excessively lengthy interventions tend to reduce the effectiveness of telemedicine.3 Mosnaim et al. also highlighted the fact that the effectiveness of telemonitoring can be compromised by interventions that are too lengthy, with adherence rates that are variable and often reduced in these cases.4

In our case, consistent with the literature, higher adherence was observed for questionnaires administered at higher frequencies. Both questionnaires we employed were characterized by their user-friendly design and simplicity, which facilitated user participation.

The results of this study show that telemedicine can be used in allergology, with an adherence rate of 76%, indicating a majority of participants and demonstrating the potential for widespread acceptance of such systems.

This system also improves the management of patient information and facilitates doctor–patient communication in real time.

Interestingly, the number of patients who received the telemedicine system for the UAS7 card for the first time is higher than the number of patients who received the RCAT.

The increased adherence to UAS7 could be attributed to:


	-the need for daily monitoring of symptoms (less likely to forget), as patients are driven by the need to resolve a sudden problem that arises from a suddenly arisen clinical condition;


	-alteration of the quality of life of the patient with urticaria, which leads to greater commitment and adherence to the proposed therapeutic schemes, unlike patients suffering from asthma or chronic rhinitis who may perceive less urgency in seeking a solution, being now familiar with the persistence of their symptoms over time.




Furthermore, it was important to note that a high portion of patients (76 out of a total of 100) are already predisposed to use telemedicine solutions and recognize the benefits of more timely diagnosis and treatment. In this context, it is important to note that the study was based on consecutive enrollment, including only patients who accepted the electronic questionnaire format. The electronic format was the standard, and the paper questionnaire was available only upon explicit request, so no paper-based data were collected, and digital-vs-paper adherence could not be assessed.

Restricting inclusion to patients accepting electronic questionnaires introduces a self-selection bias (digital literacy/technology access/preferences) that may overestimate adherence. Therefore, its magnitude cannot be determined in the absence of a concurrent paper or mixed-mode comparator.

The goal is to adopt a modern, digital-first approach, in line with telemedicine trends and optimized for patient engagement and data reliability.

Since some patients choose, a priori, not to embrace telemedicine (opting for paper-based methods), they would have made the same choice regardless of the telemedicine system we implemented and how user-friendly it was.

Prior work suggests that electronic diaries can show consistently higher adherence than paper due to timestamps, reminders, and reduced backfilling, whereas in broader survey contexts, paper or mixed-mode can yield higher response than web-only. Overall, adherence is strongly influenced by key design features (reminders/UX) rather than mode alone.24–29

In addition, statistical analysis indicated that adherence was significantly influenced by the level of education, with graduates, non-graduates, and even patients with unknown education showing higher adherence rates compared to their non-adherent counterparts (P < 0.01). By contrast, no significant differences were observed in terms of age between adherent and non-adherent groups (P = 0.0946). These findings suggest that socio-educational background may play a more relevant role than age in determining the acceptance of telemedicine tools.

The implementation of this system demonstrated the potential of telemedicine in improving the management of patient information and facilitating communication between doctor and patient in real time.

Behavioral Determinants of Telemedicine Adherence

These adherence patterns can also be interpreted through established behavioral frameworks in digital health.

According to the “Technology Acceptance Model,” user engagement with a digital system is primarily driven by perceived usefulness and perceived ease of use. In this study, the UAS7 group, which showed higher adherence, may have perceived stronger immediate clinical benefits from frequent monitoring, thus reinforcing the perceived usefulness of the platform. Conversely, patients completing the RCAT (often managing long-standing and less acutely distressing symptoms) may have perceived lower short-term benefits, which could partially explain the reduced adherence.

Similarly, the “Health Belief Model” emphasizes the role of perceived severity and perceived susceptibility in shaping health-related behaviors. The higher adherence in urticaria patients could reflect a greater perceived severity and an increased motivation to engage in daily monitoring, while rhinitis patients may perceive their condition as less urgent, reducing motivation for repeated questionnaire completion.30,31

These interpretations highlight that interventions addressing perceived benefit, threat, and ease of use can improve engagement over time.

Study Limitations

This observational, digital-first study without a paper-based comparator, with differing sample sizes between UAS7 and RCAT and cycle-based follow-up, may limit generalizability and the power of some analyses, while retaining high pragmatic relevance. Moreover, the sample is not very large, so the findings should be confirmed in larger cohorts.

Future Development

Considering the results obtained, future developments of the telemedicine project in allergology could focus on several key areas. Firstly, it is possible to explore the integration of AI algorithms to analyze the collected data and provide decision support to doctors. AI could help identify patterns in patients’ symptoms and suggest personalized interventions based on historical and current data.

A timeline of key milestones (Figure 4) situates this proposal within the broader evolution of digital data collection in allergology – from early healthcare digitalization and formalized recordkeeping, through the emergence of standardized patient-reported outcomes, to our 2024 remote diary deployment.32–35

Fig. 4.Timeline of key milestones in digital data capture for allergology (1960s–2024). Milestones span early hospital digitalization (1960s–1970s)1,32 formal recordkeeping (1973),2,33 standardization of allergy PROs (UAS7, 20085,34 RCAT, 20106,35y and our 2024 telemedicine deployment for remote UAS7/RCAT diaries – providing the rationale for a next step via a mobile app with push notifications to sustain adherence over time. RCAT: Rhinitis Control Assessment Test; UAS7: Urticaria Activity Score 7.
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Against this backdrop, developing a mobile application with push notifications represents the next logical step to address the adherence decay over time observed in our cohort by enabling timely reminders, real-time entry, and improved data completeness.

Another area of development involves expanding the platform to include additional questionnaires and monitoring tools for other allergic conditions, such as atopic eczema and food allergies. This would allow for more comprehensive and integrated support for patients with different allergic diseases. Moreover, it would be useful to develop a dedicated mobile application, which could further enhance accessibility and patient adherence, offering push notifications, personalized reminders, and a notification system that acts as a reminder to complete the digital questionnaires.36,37,38

The integration of a notification system represents an effective strategy to counteract forgetfulness, one of the main obstacles to patient adherence in using digital platforms for managing allergic conditions. Push notifications could be personalized based on the specific needs of each patient, sending reminders at optimal times of the day to minimize disruption of their daily activities.

In addition to the simple reminder function, the notification system could include motivational and informational messages to encourage patients to adhere to monitoring their condition. These messages could explain the importance of regularly completing the questionnaires for effective management of their allergy and provide tips on how to better manage their symptoms. Therefore, the notifications would remind patients to complete the questionnaires and encourage them to take an active role in managing their health.

Furthermore, the notification system could be integrated with questionnaire completion tracking features, sending alerts to both patients and doctors in case of non-completion. This would allow doctors to promptly intervene to resolve any adherence issues, ensuring continuous and accurate monitoring of the patient’s condition.

Built on these ideas and motivated by the historical progression summarized in Figure 4, a future roadmap could include the development of a prototype mobile application integrating the current digital system with advanced notification features and user-friendly interfaces. A pilot study could be planned to assess the feasibility and clinical utility of the system, focusing on user adherence, satisfaction, and usability metrics. This preliminary study would involve a small patient cohort and could serve to identify potential barriers, optimize interface design, and refine notification timing and content. The insights gained might guide the full-scale deployment of the platform and the integration of additional intelligent decision-support tools.
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Appendix


Appendix A. The entire patient pool, the pathology, the corresponding telemedicine adherence rate, age, gender, and the prescribed therapy (H1 antihistamines with or without the use of a nasal spray).


	Pathology
	Adherence to telemedicine
	AGE
	GENDER
	ANTI-H1 + NASAL SPRAY





	Chronic Urticaria
	Yes
	26
	M
	Fexofenadine



	Chronic Urticaria
	No
	28
	F
	Chetotifene



	Chronic Rhinitis
	No
	23
	M
	Ebastine/Mometasone



	Chronic Urticaria
	Yes
	45
	F
	Ebastine



	Chronic Urticaria
	No
	48
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Rhinitis
	No
	37
	F
	Fexofenadine/Mometasone



	Chronic Rhinitis
	No
	33
	M
	Fexofenadine



	Chronic Rhinitis
	Yes
	21
	M
	Fexofenadine/Azelastine + Fluticasone



	Chronic Rhinitis
	Yes
	17
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Rhinitis
	No
	24
	M
	Fexofenadine/Mometasone



	Chronic Rhinitis
	Yes
	23
	M
	Ebastine



	Chronic Urticaria
	No
	24
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	40
	F
	Fexofenadine/Ebastine



	Chronic Rhinitis
	Yes
	37
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Rhinitis
	Yes
	43
	M
	Ebastine



	Chronic Rhinitis
	No
	54
	M
	Fexofenadine



	Chronic Rhinitis
	No
	28
	M
	Ebastine



	Chronic Urticaria
	No
	20
	F
	Ebastine



	Chronic Rhinitis
	No
	32
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Urticaria
	No
	33
	F
	Ebastine



	Chronic Urticaria
	Yes
	26
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	42
	F
	Ebastina



	Chronic Urticaria
	Yes
	28
	M
	Fexofenadine



	Chronic Rhinitis
	Yes
	41
	F
	Fexofenadine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	34
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	39
	F
	Ebastine/Fexofenadine



	Chronic Urticaria
	Yes
	47
	F
	Fexofenadine/Ebastine



	Chronic Urticaria
	No
	20
	F
	Fexofenadine/Ebastine



	Chronic Urticaria
	Yes
	50
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	30
	F
	Fexofenadine/Ebastine



	Chronic Urticaria
	Yes
	21
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	38
	M
	Fexofenadina/Levocitirizine



	Chronic Urticaria
	Yes
	78
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	32
	M
	Ebastine/Fexofenadine



	Chronic Urticaria
	No
	42
	M
	Fexofenadine



	Chronic Urticaria
	No
	28
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	42
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	20
	F
	Ebastine



	Chronic Urticaria
	No
	31
	F
	Ebastine/Fexofenadine/Chetotifene/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	27
	F
	Ebastine



	Chronic Urticaria
	Yes
	51
	M
	Fexofenadine



	Chronic Rhinitis
	Yes
	15
	M
	Fexofenadine/Azelastine + Fluticasone



	Chronic Urticaria
	Yes
	36
	F
	Fexofenadine



	Chronic Rhinitis
	Yes
	13
	F
	Fexofenadine/Mometasone



	Chronic Urticaria
	Yes
	24
	F
	Ebastine



	Chronic Urticaria
	Yes
	48
	F
	Ebastine



	Chronic Urticaria
	Yes
	23
	F
	Fexofenadine/Ebastine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	31
	M
	Fexofenadine/Ebastine



	Chronic Urticaria
	Yes
	62
	M
	Ebastine



	Chronic Urticaria
	Yes
	28
	F
	Ebastine



	Chronic Urticaria
	Yes
	41
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	18
	M
	Ebastine



	Chronic Urticaria
	Yes
	37
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	37
	F
	Ebastine



	Chronic Urticaria
	Yes
	44
	M
	Fexofenadine



	Chronic Urticaria
	No
	19
	F
	Fexofenadine/Ebastine



	Chronic Urticaria
	No
	45
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	36
	M
	Ebastine



	Chronic Urticaria
	Yes
	36
	F
	Fexofenadine



	Chronic Rhinitis
	No
	60
	F
	Fexofenadine



	Chronic Rhinitis
	Yes
	28
	F
	Ebastine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	27
	F
	Ebastine



	Chronic Urticaria
	No
	5
	F
	Cetirizina



	Chronic Urticaria
	Yes
	19
	F
	Ebastine



	Chronic Rhinitis
	No
	13
	F
	Fexofenadine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	41
	F
	Cetirizine



	Chronic Urticaria
	Yes
	36
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	24
	M
	Fexofenadine



	Chronic Urticaria
	No
	27
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	37
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	41
	M
	Ebastine



	Chronic Urticaria
	Yes
	26
	M
	Ebastine



	Chronic Urticaria
	Yes
	21
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	42
	M
	Ebastine



	Chronic Urticaria
	Yes
	21
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	50
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	21
	M
	Fexofenadine



	Chronic Urticaria
	No
	18
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	32
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	27
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	32
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	34
	M
	Ebastine



	Chronic Urticaria
	Yes
	21
	F
	Fexofenadine



	Chronic Rhinitis
	Yes
	26
	M
	Fexofenadine/Azelastine + Fluticasone



	Chronic Urticaria
	Yes
	53
	M
	Ebastine



	Chronic Urticaria
	Yes
	15
	F
	No



	Chronic Urticaria
	Yes
	32
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	47
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	31
	M
	Ebastine



	Chronic Urticaria
	Yes
	59
	M
	Ebastine/Fexofenadine



	Chronic Urticaria
	Yes
	32
	M
	Fexofenadina



	Chronic Urticaria
	Yes
	22
	F
	Fexofenadine/Ebastine



	Chronic Rhinitis
	Yes
	24
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	30
	M
	Fexofenadine



	Chronic Urticaria
	Yes
	41
	M
	Fexofenadine



	Chronic Urticaria
	No
	40
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	49
	F
	Ebastine



	Chronic Rhinitis
	Yes
	24
	M
	Fexofenadine/Mometasone + Olopatadine



	Chronic Urticaria
	Yes
	50
	F
	Fexofenadine



	Chronic Urticaria
	Yes
	43
	F
	Ebastine





Appendix B. Technical description of the digital medical record management system

Once the data have been entered into the interface, the patient’s medical record is generated in a digital system (made in Python).

In the medical record, a folder specific to the patient’s pathology will be created, containing a file with RCAT or UAS7.

The patient’s medical record is named using the patient’s first and last name. This record is created directly on a corporate cloud storage service managed by the “M. Albanesi” Allergy and Immunology Unit’ and contains the file related to the patient’s pathology.

For access, free URL shortening services are used to convert a URL into a shorter link, composed of the patient’s ID. This approach allows the patient to access their medical file through a personalized link.

The process begins with the patient entering their first and last name in the telemedicine section of the website. These data serve as input to generate the shortened link that points to the Excel file (to be filled out) related to their medical record. This link simplifies direct and secure access to the Excel document.

The latter is accessible to both the doctor and the patient at the same time, allowing them to make changes in real time. The patient enters their data (name and surname) in the dedicated section of the website. In fact, thanks to WordPress, the patient has the ability to open their personal Excel file, which is contained exclusively in their medical record folder.

The system’s cybersecurity is ensured by the advanced solutions provided by cloud technology.

Appendix C. Adherence trends in prolonged telemedicine therapy for chronic urticaria and chronic rhinitis

Prolonged Therapy – Second Compilation

For some patients, continuation of therapy was required. Therefore, within the same data acquisition timeframe, it was necessary, due to clinical needs, for some patients with previously diagnosed urticaria and chronic rhinitis to continue their therapy. In this context, telemedicine remained essential for ensuring the physician’s observation of the data. Consequently, second therapy diaries were provided to 24 patients (24% of the initial 100 patients).

Specifically, 22 out of these 24 patients (91.66% of the 24) were asked to complete the UAS for an additional 30 days.

Of these, 73% adhered to telemedicine, while 27% did not adhere. Conversely, the remaining 2 patients (8.34% of the 24) were asked to complete the RCAT, but none completed it. This trend is highlighted by the data presented in Supplemental Figure 1.

Supplemental Fig. 1. Percentage of telemedicine adherence in patients with chronic urticaria (A) and chronic rhinitis (B).

[image: THMT-10-604-F5.jpg]

For both conditions, the Figure shows the percentage of patients who adhered to telemedicine in relation to the different cycles of questionnaire completion, divided into:


	-First completion: represents the adherence rate to telemedicine for patients who completed the questionnaire after receiving the prescribed therapy following the first visit, that is, in the first month of treatment;


	-Second completion: indicates the percentage of patients who adhered to telemedicine after receiving an additional therapeutic prescription following the second visit, that is, during the second month of treatment;


	-Third completion: represents the percentage of patients who adhered to telemedicine after receiving a new prescribed therapy during the third visit, that is, in the third month of treatment.




Among all patients who also completed the second diary (regardless of whether they had chronic rhinitis or urticaria), due to clinical needs, some were required to further continue their therapy by completing a third questionnaire via telemedicine.

In particular, this was necessary (according to the physician) for 14 of the previously mentioned 24 patients (58.33% of the 24).

Of these:


	-93% were asked to complete the UAS, being affected by urticaria. Among these, 38.5% chose to complete the diary, while 61.5% did not adhere;


	-The remaining 7%, that is, one patient, was asked to complete the RCAT, being affected by chronic rhinitis. However, this patient did not complete it.




Prolonged Therapy – Third Compilation

For other patients, a third cycle of treatment was necessary. Only 38.5% (5 patients) with urticaria completed the diary, while 61.5% (9 patients) did not adhere to it.

Similarly, the patient with chronic rhinitis who was supposed to complete the RCAT did not adhere to completing the diary.

An evident decrease in the adherence rate to telemedicine was observed with an increasing number of treatment cycles. Specifically, the data show that adherence is highest during the first month of treatment, then decreases in the second month and further declines in the third month. This trend was evident in patients with both urticaria and chronic rhinitis, as illustrated in Supplemental Figure 1.

These results indicate a trend of decreasing adherence to telemedicine with the progression of treatment cycles, suggesting the need for targeted strategies to improve patient participation in prolonged treatments.

Appendix D. Associations Between Telemedicine Adherence and Demographic/Educational Characteristics

To assess the possible association between adherence to telemedicine and demographic/educational characteristics, we performed a series of statistical comparisons both within the individual cohorts (urticaria and rhinitis under immunotherapy) and between the two cohorts.

First, we conducted an analysis within the two groups (urticaria cohort and rhinitis-under-immunotherapy cohort) applying Student’s t-tests to age: in the urticaria group the comparison between adherent (mean age 35.27 ± 10.13 years) and non-adherent (mean age 28.53 ± 11.69 years) patients shows a statistically significant difference (P = 0.036082); whereas, in the immunotherapy group the comparison between adherent (mean age 29.88 ± 8.92 years) and non-adherent (mean age 31.25 ± 13.77 years) patients does not show statistically significant differences (P = 0.816063). A detailed summary of these comparisons is provided in Supplemental Table 1.




Supplemental Table 1. The reports the within-group comparison of patients’ age between adherent and non-adherent individuals for each cohort (urticaria and rhinitis-under-immunotherapy). Mean and standard deviation (SD) are presented for each subgroup, and independent two-sample Student’s t-tests were applied. Statistical significance was defined as P < 0.05.


	Within-group comparison
	Adherents (mean ± SD)
	Non-Adherents (mean ± SD)
	Test (two-sample)
	p-value
	Outcome (α = 0.05)





	UAS7
	35.27 ± 10.13
	28.53 ± 11.69
	Student’s t-test
	0.036082
	Significant



	RCAT
	29.88 ± 8.92
	31.25 ± 13.77
	Student’s t-test
	0.816063
	Not significant



	RCAT: Rhinitis Control Assessment Test; UAS7: Urticaria Activity Score 7.





Subsequently, we evaluated the differences between groups (urticaria vs immunotherapy), considering adherent and non-adherent patients separately and employing Student’s t-tests for age: among adherent patients only, the comparison urticaria (mean age 35.27 ± 10.13 years) versus immunotherapy (mean age 29.88 ± 8.92 years) does not show statistically significant differences (P = 0.164707); similarly, among non-adherent patients only, urticaria (mean age 28.53 ± 11.69 years) versus immunotherapy (mean age 31.25 ± 13.77 years) does not show statistically significant differences (P = 0.622635). A detailed summary of these comparisons is provided in Supplemental Table 2.




Supplemental Table 2. The between-group comparison of patients’ age, considering urticaria and rhinitis-under-immunotherapy cohorts separately for adherent and non-adherent patients. Mean and standard deviation (SD) are shown for each group, and independent two-sample Student’s t-tests were performed. No statistically significant differences were observed (P > 0.05).


	Between-group comparison
	UAS7 (mean ± SD)
	RCAT (mean ± SD)
	Test (two-sample)
	P
	Outcome (α = 0.05)





	Among adherents
	35.27 ± 10.13
	29.88 ± 8.92
	Student’s t-test
	0.164707
	Not significant



	Among non-adherents
	28.53 ± 11.69
	31.25 ± 13.77
	Student’s t-test
	0.622635
	Not significant



	RCAT: Rhinitis Control Assessment Test; UAS7: Urticaria Activity Score 7.
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