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Background: Digital health technologies offer a promising approach to strengthening self-management capacity among
patients with chronic obstructive pulmonary disease (COPD), yet clinical application is hampered by poor adherence, low
sustained engagement, and limited self-management ability. Although previous studies have identified general self-management
challenges in COPD, few have systematically investigated patients’ preferences for digital tools or translated these insights
into actionable design principles. This hinders the user-centred development and effective deployment of digital interventions
for this population.

Objective: This study aimed to explore the self-management challenges and preferences for mobile health (mHealth) among
COPD patients, with the ultimate goal of translating these findings into design principles for a persuasive self-management
application.

Methods: We conducted in-depth personal interviews with 15 patients with COPD and five healthcare professionals to explore the
challenges of self-management and preferences for mHealth. Data were analyzed using thematic analysis. Subsequently, a structured
expert consultation was held to translate the findings into key principles for a persuasive self-management application.

Results: Five themes regarding barriers to effective self-management were identified: (1) negative emotional experience, (2) poor
health literacy, (3) insufficient family support, (4) inadequate professional health care, and (5) economic burden. Patients expressed
four key preferences for digital health technologies: (1) simplicity, (2) personalized decision support, (3) self-report, (4) early warning
of deterioration. Furthermore, the panel discussion distilled these findings into eight essential key principles: motivation, simplicity,
credibility, guidance, personalization, self-report, warning, and continuity.

Conclusion: This study provides new insights into user-centered mHealth tools for COPD self-management. We derived core design
principles from patients’ demands to inform targeted digital interventions. These principles require validation in female, higher-literacy
and multi-center samples before wide application. Future work will complete the remaining CeHRes Roadmap stages of design,

operationalization and evaluation to refine this framework.

Plain Language Summary:

What is Already Known about this Topic?

Many patients with chronic obstructive pulmonary disease hope to use mobile applications to manage their respiratory conditions and
daily health. Properly designed mobile applications can assist patients in better self-care. Nevertheless, there are still very few
development standards formulated according to the actual daily needs of patients with COPD, which makes it difficult for developers
to create self-management applications that are both user-friendly and clinically effective.

What this Paper Adds?

We collected feedback from patients with chronic obstructive pulmonary disease and medical staff through one-on-one interviews, and
also gathered professional advice from an interdisciplinary expert panel. Based on these inputs, we identified practical approaches to
support routine health management and developed eight actionable design guidelines for creating user-friendly mobile health tools.

https://doi.org/10.2147/COPD.S623363 International Journal of Chronic Obstructive Pulmonary Disease 2026:21 623363 |
Received: 25 May 2026 © 2026 Tao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at httpx / Iwww.dovepress.com/terms.php
Accepted: 13 July 2026 A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creati nc/4.0/). By accessing the work

Published: 27 July 2026 you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6355-6274
http://orcid.org/0009-0002-5402-1547
http://orcid.org/0009-0003-0328-2488
http://orcid.org/0000-0002-4126-194X
http://orcid.org/0009-0007-5333-0213
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Tao et al

The Implications of this Paper

Our results help medical teams better grasp what people with COPD actually want from mobile health self-management tools.
Clinicians and app developers can build mobile health apps that match COPD users’ real needs and preferences. This work offers clear
practical guidance to create health tools that center on the person living with COPD.

Keywords: chronic obstructive pulmonary disease, self-management, digital health, qualitative study

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of morbidity and mortality globally, and its
economic and social burden is substantial and rising.'* It is estimated that there are around 3 million deaths due to COPD
annually worldwide, and by 2060, the annual death toll from COPD and related conditions is expected to surpass
5.4 million, owing to smoking and an aging population.*> Among the Chinese population, the overall prevalence of
COPD is approximately 8.6%, affecting nearly 100 million people,® accounting for one quarter of the global total of
COPD patients.” Over the past two decades, although China’s COPD mortality rate has shown a downward trend, the
figure remained 47.30 per 100,000 in urban regions and 66.24 per 100,000 in rural areas in 2016, which were higher than
the global average.® COPD-related deaths in China make up over 30% of all COPD deaths across the globe.® COPD is
associated with a significant economic burden. In the European Union, the total direct costs of COPD are estimated to
account for approximately 3% of the annual healthcare budget (€38.6 billion).” In the United States, COPD related direct
costs are expected to rise over the next 20 years, with annual costs reaching $40 billion.'®'" Another study indicates'>
that over the period 2020-2050, COPD will impose an economic burden of $4.326 trillion on the world economy
(uncertainty interval: $3.327-$5.516 trillion; in constant 2017 prices). This economic impact is equivalent to an annual
tax burden of 0.111% of global GDP (0.085-0.141%). China and the United States will bear the largest economic
burdens, with losses of $1.363 trillion and $1.037 trillion, respectively (uncertainty intervals: $1.034-$1.801 trillion and
$0.868-$1.175 trillion).'> COPD imposes a serious health and economic burden on China and is one of the major public
health problems that require urgent attention.

Self-management involves acquiring knowledge and skills, monitoring symptoms, solving problems, making deci-
sions, using available resources, working with healthcare professionals, and embedding disease management into
everyday routines.'>'® Effective self-management is an important foundation required to improve disease outcomes
and enhance patients’” quality of life.'”'® Nevertheless, in contrast to hypertension and diabetes, self-management in
COPD frequently falls short of desired outcomes; evidence indicates that patients’ self-management capacity remains at
a moderate to low level.*'?

Mobile health (mHealth) utilize tools including smartphones, patient monitoring devices and wearables to deliver
medical support and healthcare services for patients.”® Such technologies can elevate the quality and coverage of
healthcare services, enabling patients to more easily access health information, receive clinical care, and strengthen
their self-management capacities.”® > In addition, mHealth improves patients’ treatment adherence and thereby opti-
mizes clinical therapeutic outcomes, rendering it a vital tool to support self-management among individuals with chronic
diseases.”> However, the development and implementation of mHealth interventions for COPD self-management face
several persistent challenges, including poor user compliance, low user engagement, and insufficient self-efficacy.**>*
Accordingly, identifying the factors motivating individuals to adopt these technologies and maintain long-term use
constitutes a key research question that requires investigation.

Existing evidence-based studies have identified prominent deficiencies in the application and design of digital health
technologies for COPD self-management. A recent literature review reported that among studies exploring digital
technology applications for COPD self-management, only 14 studies (13.9%) fully integrated patients’ needs and
subjective demands throughout the entire product design and development process.”’ Most current interventions merely
focus on the improvement of patients’ physical symptoms, while neglecting core elements related to health status
improvement and comprehensive self-management29. Through interviews with COPD patients and medical staff,
Yvonne J G Korpershoek YJG et al*® found that mobile technology-based intervention programs should be attractive,
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rewarding and safe. However, the intervention framework proposed in their study mainly concentrates on coping
strategies for acute exacerbations of COPD, lacking attention to the full-cycle self-management of the disease.*’ In
addition, existing studies on the barriers to COPD patients’ adoption of digital health technologies remain limited. Slevip

1°? found that low technological self-efficacy and insufficient perceived usefulness are key barriers to COPD patients’

eta
use of digital health technologies. Nearly half (11/30) of their participants lacked access to smartphones, laptops, or
PCs.*” This sample characteristic explains why digital literacy emerged as a core barrier, limiting the generalizability of
their findings to COPD populations with different technological baselines.

The CeHRes Roadmap, developed by the University of Twente in the Netherlands,*® focuses on the design,
coordination, and implementation of digital health systems and consists of five phases: contextual inquiry, value
specification, design, operationalization, and summative evaluation. This roadmap offers a comprehensive framework
for the development, implementation, and evaluation of digital health solutions, with a particular emphasis on prioritizing
stakeholder needs, preferences, and capabilities throughout the process.>* The CeHRes Roadmap has been successfully
applied in various domains, including weight loss management,> treatment feedback,’®>’ symptom management,*® and
chronic disease self-management,***° demonstrating its effectiveness in practice.

Although existing studies have identified user barriers in COPD mHealth, a systematic design framework targeting
long-term self-management to boost engagement and retention remains absent. Guided by the CeHRes Roadmap, this
study aims to explore patients’ self-management dilemmas and tool preferences to distill core design principles, aiming to
develop an app that enhances sustained use, self-management efficacy, and overall disease outcomes.

Methods

Study Design

As part of a co-design project to develop an mHealth application for COPD self-management, this study focused on the
first two phases of the CeHRes Roadmap: Contextual Inquiry and Value Specification (Figure 1). The Contextual Inquiry
phase consisted of semi-structured face-to-face interviews conducted to identify self-management barriers experienced
by COPD patients and their functional requirements for DHTs. Building on these qualitative interview findings, the Value
Specification phase adopted structured expert consultation to establish key principles for COPD patients’ DHT-supported
self-management. All qualitative findings documented per the Consolidated Criteria for Reporting Qualitative Research
(COREQ),* (Supplementary Information: Appendix 1).

Recruitment and Participants
Participants were recruited from a tertiary general hospital in eastern China.

Interview
We conducted semi-structured interviews. During the contextual inquiry phase, we conducted semi-structured interviews
with all stakeholders (patients with COPD and healthcare professionals). Data collection through interviews took place

|
. S | - . S | Summative
Contextual Inquiry Value Specification I Design Operationalization I Evaluation
e e e e s e e e e J
semi-structured structured expert Expert Panel Discussion Mixed-Methods
interviews consultation Evidence Synthesis Evaluation

Figure | lllustrates the phases of the CeHRes Roadmap and the corresponding research activities undertaken in each stage. The first two phases of the CeHRes Roadmap
—Contextual Inquiry and Value Specification—correspond to the scope of the present study, which are highlighted in green in the flowchart.
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between April and September 2023. Patient inclusion criteria were: (1) a confirmed COPD diagnosis based on the Global
Initiative for Chronic Obstructive Lung Diseases guidelines;*' (2) age between 18 and 89 years. Exclusion criteria included
any existing cognitive or psychotic disorders, communication barriers, or severe life-limiting comorbidities such as lung
cancer. Eligible healthcare professionals were doctors or nurses with at least 10 years of experience in respiratory medicine.
The sample size was based on reaching the saturation level for the interview information, as previously described.*?

Structured Expert Consultation

Experts were recruited from four disciplinary backgrounds: respiratory clinical nursing, nursing administration, respira-
tory medicine and health informatics. All invited specialists were required to have a minimum of ten years of
professional practice in their respective fields.

Procedure

Interviews

We developed a semi-structured interview guide for the individual interviews using a literature review and group
discussions. Prior to formal data collection, two preliminary interviews (one patient and one healthcare professional)
were conducted to refine and revise the interview guide (Supplementary Information: Appendix 2). There was no prior

relationship between the interview and the participants, which helped to reduce bias and ensure the objectivity and
accuracy of the research results. All one-on-one interviews were conducted by two researchers with formal qualitative
research training (TGF and HXT) within a secluded private office at the team’s affiliated hospital, and each interview
lasted between 20 and 40 minutes.

Structured Expert Consultation

The process began with an introductory presentation by the first author, who clarified the research objectives and
explained the discussion format and guidelines. The structured expert consultation was conducted in two rounds. Each
session lasted 1-2 hours on average, and the discussions were documented and synthesized by the second author.

Round |

Guided by the contextual inquiry interview findings regarding COPD self-management barriers and user preferences for
DHTs, each expert independently screened core design principles for the COPD self-management mHealth application.
This individual selection process guaranteed that experts drew only on their professional expertise to formulate key
design criteria, thereby mitigating potential peer group bias.

Round 2

The second author compiled all candidate principles extracted in Round 1 into an Excel spreadsheet and distributed the
document to all expert participants. Subsequently, the experts evaluated each candidate principle based on two dimen-
sions: implementation feasibility and clinical significance. Every expert scored all principles across these two dimen-
sions, and any design principle endorsed by over half of the participants was retained.

Data Analyses

Interview

We conducted a thematic analysis of the interview data.*> All interviews were conducted in Mandarin Chinese, audio-
recorded, and transcribed verbatim into written Chinese within 24 hours of each interview.

Transcripts were imported into NVivo 12 software for thematic analysis. Two researchers (TGF and HXT) indepen-
dently performed qualitative coding using a primarily inductive approach to identify emergent themes. After independent
coding, the two researchers jointly consolidated and polished all coded results. Any discrepancies in coding were resolved
through in-depth discussion until a consensus was reached, and the finalized thematic framework was ultimately confirmed
by the entire research team. All original Chinese quotations selected for the manuscript were translated into English by
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a bilingual researcher. Following the initial translation, a second investigator cross-checked translated extracts against the
original Chinese transcripts to avoid semantic distortion and minimize translation bias during thematic coding.

Structured Expert Consultation

The second author (SY) recorded the discussions and distributed a summary of the key principles to the participating
experts for their confirmation. This process ensured the accuracy of the data and validated the key principles for the
persuasive design of the mHealth self-management system. After cross-examining divergent viewpoints among specia-
lists, we finalized the key design principles according to their logical rationality and cross-expert consensus.

Ethics

This study was conducted in accordance with the principles outlined in the Declaration of Helsinki and received
ethical approval from the Research Ethics Committee of the First Affiliated Hospital, College of Medicine, Zhejiang
University (Approval No. 2019-790). Written informed consent was obtained from all participants prior to data
collection. The informed consent form explicitly included permission to publish participants’ anonymized responses
and direct interview quotes. No identifiable personal information was recorded during interviews to protect
participant privacy.

Results

Contextual Inquiry Phase

We interviewed 15 patients (14 men and one woman) and five healthcare professionals (one man and four women). The
average age of the patients with COPD was 70 years. The number of years with COPD ranged from 1 to 40 years, and the
highest level of education was predominantly primary and middle school (Table 1). The healthcare professionals
comprised respiratory physician and respiratory nurse specialists, with an average of 22 years of clinical experience in
respiratory medicine (Table 2).

Table | Participant Characteristics: Patients with

COPD (N=15)
Characteristics Patients with
COPD
Age (years), mean (SD) 70 (7.2)
Age (years), n (%)
50-59 I (6.7)
60-69 4 (26.7)
70-79 9 (60)
80-89 I (6.7)
Sex (n%)
Male 14 (93.3)
Female | (6.67)
Educational level, n (%)
Primary school 7 (46.7)
Middle school 5(33.3)
2High school 3 (20.0)
Disease duration (year), n (%)
<| year I (6.7)
1-5 years 3 (20.0)
6-10 years 4 (26.7)
11-20 years 4 (26.7)
>20 years 3 (20.0)

Abbreviations: COPD, Chronic obstructive pulmonary disease.
SD, standard deviation.
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Table 2 Baseline Characteristics of the Healthcare Professionals (N=5)

Characteristics Healthcare

professionals

Age (years), mean (SD) 45.8 (5.4)
Sex, n (%)
Female 4 (80%)

Highest level of education completed, n
Bachelors’ degree |
Masters’ degree 3
Doctoral degree |

Years of work experience in medical practice, n
10-20 3
21-30 |
>30 |

Job occupation, n

Respiratory nurse specialist 4

Respiratory physician |

Abbreviation: SD, standard deviation.

Barriers to Effective Self-Management
Five themes about barriers to effective self-management were developed: (1) Negative emotional experience, (2) poor
health literacy, (3) insufficient family support, (4) inadequate professional health care, and (5) economic burden.

Theme |: Negative Emotional Experience
Patients with COPD have negative emotional experiences such as feelings of isolation, dependence, slackness, and
powerlessness in the process of self-management.

Isolation
Social isolation and loneliness are common among individuals with COPD. To cope with these feelings, they may turn to
smoking.

It’s too boring to be alone at home, and that makes me want to smoke. But I know I’m not supposed to. (P9, Interview)

I had quit smoking for a year, but then I took it up again, mainly because I was too bored at home alone. (P12, Interview)

Dependence

Holding traditional health beliefs, people with COPD believed that managing their disease depended primarily on doctors
and medication. They felt that self-management did little to improve their symptoms or quality of life, and they saw no
value in an active lifestyle or rehabilitation exercises beyond taking medication.

Exercise is useless. It all comes down to medication. I can’t manage this disease on my own; I mainly rely on my doctors. (P13,
Interview)

It’s possible many patients lack a systematic understanding of self-management and don’t see its importance. (H5, Interview)

Slackness
Some patients with COPD were reluctant to change their unhealthy lifestyles and were unwilling to adhere to
recommended health behaviors, such as breathing exercises, physical activity, and healthy eating.

I don’t want to do exercises. I’'m too lazy to work out. I don’t pay attention to what I shouldn’t eat. I eat whatever [ want. (P12, Interview)
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Powerlessness
The progressive nature of COPD fosters a sense of powerlessness in patients. As symptoms like breathlessness and fatigue
intensify, they severely diminish functional capacity and undermine the belief that one can alter health-related behaviors.

After cooking at home, I don’t want to move. I can’t walk. (P2, Interview)

However, sometimes the symptoms are so severe that I do not have the strength to use the inhalers. I don’t want to exercise
when I am breathless. (P11, Interview)

A long time ago, they taught me breathing exercises, but I was so short of breath that I could only do it twice. (P15, Interview)

Theme 2: Poor Health Literacy

Adequate knowledge and skills form the basis of self-management. Patients with COPD exhibit varying degrees of
misconceptions and confusion regarding the knowledge and skills required for self-management in terms of medications,
home oxygen therapy, respiratory exercises, exercise rehabilitation, nutritional management, risk factor control, and

psychological adjustment, which often leads to ineffective or even inefficient self-management of their condition.
I don’t know which exercises to do, and I don’t know how to do breathing exercises. (P7, Interview)

I didn’t know I had to get vaccinated either. I didn’t know other than the new crown vaccine, no one told me. I don’t know if the
medicine is right, I don’t know that I have to exercise, and I don’t know how to do it. (P8, Interview)

Like our patients who repeatedly come to the hospital, some are discharged from the hospital with shortness of breath and turn up the
oxygen flow, thinking that the higher the oxygen, the better, which eventually leads to respiratory depression. (H3, Interview)

Theme 3: Insufficient Family Support

Patients with COPD are often heavily dependent on family care due to symptom limitations, reduced mobility, advanced
age, low health literacy, and remote residence. However, the core challenge is an imbalance between this high need and
the available support. Potential caregivers are often young family members who may lack the capacity to provide timely
care due to their own energy constraints or because they do not co-reside with the patient.

It’s not convenient for me to come to the hospital; it’s a long way away. I can’t get back on my own, so I need my family to take
me, but they’re all busy. (P8, Interview)

Many elderly people live in remote areas, so getting to the hospital or picking up their medications is very difficult. This often
leads to missed medications. Sometimes they are afraid to bother their children. Some people are embarrassed to have their
children fill their prescriptions regularly. (H3, Interview)

Theme 4: Inadequate Professional Health Care

Patients’ and caregivers’ understanding and approach to self-management are primarily shaped by healthcare profes-
sionals. Consequently, any misconceptions or poor guidance from providers can directly undermine the effectiveness of
self-management strategies.

I had to figure it out slowly on my own; the medical staff didn’t tell me anything. (P4, Interview)

Our local hospital never told us how serious the disease was. If they had, we would have followed the doctor’s advice. (P10,
Interview)

I was on an inhaled medication, but I stopped after I ran out. No one told me my prescription needed to be refilled, or that I was
supposed to continue the treatment. (P13, Interview)

Nurses must repeatedly reinforce inhaled medication techniques because patients’ ability to use them correctly often declines
over time. (H1, Interview)
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Theme 5: Economic Burden

The economic burden of COPD poses a significant barrier to effective self-management. Many patients from low-income
rural households struggle to afford the necessary medications and equipment, such as oxygen concentrators and
ventilators. When families cannot manage these expenses, consistent self-management becomes difficult to sustain.

I also know there are benefits to walking with oxygen, but backpacking oxygen is so expensive at over 10,000RMB. (P9,
Interview)

Patients with COPD need to have their lung function checked regularly, and this lung function test is very important to the
patients. But we can’t popularize it now, like blood pressure, it’s easy to take blood pressure, but the pulmonary function is more
troublesome and expensive to do. (H1, Interview)

Preference for Using DHTs
We found four preferences for self-management using DHTs in COPD: (1) simplicity, (2) personalized decision support,
(3) self-report, (4) early warning of deterioration.

Theme I: Simplicity

Patients with COPD are predominantly elderly and often experience impaired hand-eye coordination, diminished vision,
and reduced cognitive function. These age-related challenges make it difficult for them to understand and operate mobile
devices. Therefore, interface design must prioritize simplicity, with eye-catching fonts, intuitive navigation that mini-
mizes manual input, and content delivered through a combination of images, text, and video to ensure comprehension.

The simpler the better, making it easier for us to use. (P1, Interview)

If the app content is easy to read, we’ll read it; otherwise we won’t. It’s no fun with just words; it’s better to have some pictures.
(P2, Interview)

I think the software has to be designed to be more generalized or easier to use. It has to be easy to use, and the operability
should be suitable for different levels of literacy. (H2, Interview)

For the application to be convenient and conducive to the use of the elderly, it needs to be one-click. (H4, Interview)

Theme 2: Personalized Decision Support
End-users and healthcare professionals expressed a desire for personalized, tailored advice from DHTs.

I hope this digital health tool can help me improve my lifestyle and exercise. I need it to tell me what kind and how much

exercise is right for me. (P5, Interview)

The digital health intervention needs a reminder function with personalized alerts for each patient, tailored to their current
disease stage and required evaluation frequency. These reminders should be sent to both the healthcare team and the patients
themselves. (H1, Interview)

Theme 3: Self-Report
Healthcare professionals wanted patients with COPD to provide self-reported information, such as details about their
health status, functional status, and treatment expectations.

When the patient is at home, their self-reported data provides a more objective and realistic assessment, which is critical for

guiding treatment. (HS, Interview)

Self-management software needs to be able to track patients and monitor their information in real-time. Real-time dynamic
observation of patient information can include details related to symptom control, medication regimens, oxygen therapy, and

exercise. (H4, Interview)
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Theme 4: Early Warning of Deterioration
Both patients with COPD and healthcare professionals considered it important and necessary for a COPD mHealth self-
management application to provide alerts and advice on how to cope with changes in their condition.

I want to know right away if my condition changes, so I can get treatment earlier. (P7, Interview)

We need a system that provides early warnings of potential exacerbations. For instance, if a patient’s oxygen saturation falls
during exercise, that should trigger an alert advising them to seek medical attention. (H5, Interview)

Value Specification Phase

The structured expert consultation comprised two respiratory nurse specialists, one respiratory physician, three nursing
administrators, and one informatics specialist, further characteristics are delayed in Table 3. There were no prior
relationships between the participants and the researchers. Participants were aware that their involvement contributed
to a research study.

After the first round of structured expert consultation, we generated an initial pool of 11 candidate design principles:
motivation, simplicity, free of charge, credibility, guidance, personalization, gamification, self-report, continuity, warn-
ing, and monitoring. Using a scoring framework weighted by clinical feasibility and practical significance, specialists
further shortlisted the top eight principles (motivation, simplicity, credibility, guidance, personalization, self-report,
warning, continuity) for integration into the COPD mHealth self-management application. Full scoring results are
presented in Appendix 3 and the correspondence between interview findings and key principles is illustrated in Figure 2.

Key Principle: Motivation

Patients with COPD frequently experience negative emotions, including isolation, dependence, frustration, and power-
lessness, which undermine their engagement in self-management. This often manifests as apathy toward healthy
behaviors and a reluctance to adhere to them. Many patients perceive self-management as ineffective, leading them to
rely heavily on medical services while failing to recognize its benefits in slowing disease progression and improving
symptoms. When designing a COPD mHealth application, it is crucial to address these negative attitudes and incorporate
features dedicated to fostering positive emotions and building motivation.

Key Principle: Credibility

Research interviews revealed that patients in economically underdeveloped regions, particularly those in primary
healthcare settings, lack evidence-based clinical guidance due to inequitable distribution of medical resources. To address
this gap, it is critical to design a credible, professional self-management application. This system will establish credibility
by delivering standardized, guideline-driven care programs and dynamically synchronize with evolving medical evidence
to ensure consistent, high-quality self-management support for all COPD patients irrespective of geographic constraints.

Table 3 Basic Information of Experts in the Structured Expert Consultation (N=7)

Expert ID | Discipline Occupation Professional Title Years of Work
Experience (Year)
Expert | Respiratory Nursing Respiratory Nurse Specialist | Supervisor Nurse 19
Expert 2 Respiratory Nursing Respiratory Nurse Specialist | Associate Chief Nurse 22
Expert 3 Nursing Management | Nursing Administrator Associate Chief Nurse 17
Expert 4 Nursing Management | Nursing Administrator Associate Chief Nurse 24
Expert 5 Nursing Management | Nursing Administrator Chief Nurse 40
Expert 6 Respiratory Medicine | Respiratory Physician Chief Physician 25
Expert 7 Health Informatics Informatics Specialist Research Fellow 10

International Journal of Chronic Obstructive Pulmonary Disease 2026:2| https: 9
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Figure 2 Barriers and patient demands (blue boxes) were extracted from semi-structured patient interviews; the eight key design principles (green boxes) were
subsequently finalized by specialists through structured expert consultation based on these interview-derived findings.

Key Principle: Guidance and Simplicity

Interview data reveal that poor health literacy and insufficient family support constitute significant barriers to effective
self-management among COPD patients, creating demand for structured guidance. Consequently, COPD self-
management systems must integrate dedicated support modules enabling coordinated full-cycle health management
with dynamic disease progression monitoring. Concurrently, optimizing e-health technology adoption requires applying
the ‘simplification” principle, which could enhance system usability.

Key Principle: Personalization

COPD is complex and heterogeneous, with many intra- and extrapulmonary phenotypes, and patients may be experien-
cing multiple concomitant chronic diseases.** The complexity reflects that over time these manifestations have dynamic,
non-linear interactions with each other* The term heterogeneous indicates that not all manifestations are present in all
patients at any given time.**> Thus, “templated” interventions may not be suitable for all patients. Interview findings from
COPD patients also indicated that their willingness to adopt mHealth application for self-management depends on
whether the intervention aligns with their individual characteristics (eg, motivation, preferences, and disease profile).
Therefore, COPD self-management software should be tailored to the end user as much as possible.

Key Principle: Self-Report

This study found that healthcare professionals want patients to provide self-reported data on their health status, functional
capacity, and treatment expectations. Self-reporting can improve patient outcomes and care quality by enabling early
symptom detection and facilitating shared decision-making.**’ Furthermore, when patients submit basic health data
through patient-reported outcomes, it reduces the data collection burden on healthcare providers and improves workflow
efficiency.
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Key Principle: Continuity

Consistent with prior literature,”® this study identified two prominent barriers hindering continuous COPD self-
management among participants: poor health literacy and inadequate professional health care. Lacking systematic
knowledge and practical skills for long-term disease management, COPD patients articulated a strong demand for
unrestricted, on-demand access to medication reminders, professional clinical guidance, and timely medical feedback,
without limitations of time or geographic location. Given the uneven distribution of medical resources across China,
where high-quality respiratory care is largely concentrated in a small number of large general hospitals,*® mHealth
applications for COPD self-management must deliver uninterrupted, longitudinal care support to fill gaps in routine off-
hospital management.

Key Principle: Warning

Interview findings revealed that COPD patients want self-management software to provide early warnings of deteriora-
tion. This is critical, as literature shows up to 42% of patients experience two or more exacerbations annually.***° These
events cause significant patient harm and impose a substantial burden on healthcare systems. Early detection and action
can prevent decline and reduce hospitalizations. Therefore, a COPD mHealth app should include an early warning system
that leverages self-reported data, clinical information, and AI algorithms. Alerts would be sent to both patients and
providers, enabling timely intervention to avert further deterioration.

Discussion

This study explored the barriers to self-management faced by patients with COPD and identified the key principles for
designing a mHealth application to support these efforts. Our findings indicate that COPD patients desire DHTs that are
simple, personalized, and credible, which aligns with prior research.’>>! While DHTs hold significant potential to
improve COPD self-management,*® their impact is limited by low user engagement and poor adherence. 28% of
participants discontinued app usage after one month, with this attrition rate rising to 40% at the three-month follow-
up.2®?’ Collectively, these studies demonstrate that sustaining consistent engagement with digital self-management tools
for at least three months poses a substantial challenge: fewer than 20% of participants in prior trials successfully
completed the full six-month intervention cycle.*®

Developing user-centered interventions—particularly mHealth applications—that are simple, personalized, and cred-
ible is therefore critical to improving sustained use and adherence among patients with COPD.*"-3%-?

Our research also identified needs specific to the COPD population, such as the principle of “motivation.” Compared
to patients with other chronic conditions, individuals with COPD contend with more significant negative emotions,
including isolation, dependence, frustration, and powerlessness during self-management. These emotional barriers create
greater challenges in adopting healthy behaviors, such as smoking cessation,”® engaging in physical activity, and
maintaining an anti-inflammatory diet.”> Implementing strategies like peer support and social support is therefore crucial
to encourage positive behavioral changes.

The capacity for early “warning” is crucial, as acute exacerbations are highly prevalent among COPD patients.**~°
These events frequently lead to severe outcomes: approximately one-third of patients require hospitalization, and
exacerbations contribute to accelerated lung function decline and increased mortality.’®>’ Research indicates®® that
early identification of clinical deterioration facilitates rapid treatment, reduces the need for hospitalization, and helps
preserve lung function. Remote monitoring via mHealth applications enables the early detection of such deterioration and
can deliver timely alerts to both patients and healthcare providers. This capability provides critical support for early
intervention. Future research should focus on developing integrated self-management systems that leverage diverse data,
including self-reported, environmental, and laboratory data, combined with artificial intelligence and machine learning
algorithms to predict impending COPD exacerbations, thereby enhancing patient safety.

During Round 2 of structured expert consultation, experts eliminated the “Monitoring” principle. They agreed that
monitoring’s core functionality was already covered by Self-report and Warning: Self-report depends on ongoing health
tracking, while Warning generates exacerbation alerts via continuous indicator surveillance. Since monitoring serves only
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as a fundamental auxiliary function rather than an independent design dimension, specialists decided to absorb its
meaning into the two retained items to prevent thematic overlap.

Patients with COPD are burdened with substantial long-term financial costs. These expenses mainly derive from hospitaliza-
tion fees incurred during acute exacerbations, as well as expenditures on oxygen supplies and medications.””>® Even
a complimentary mHealth application cannot offset recurrent outlays such as oxygen consumables and prescription drugs.
Furthermore, the expert consultation indicated that free or paid pricing models fall within the scope of commercial operational
decisions. Given that the core objective of this study is to establish universal design principles for COPD self-management rather
than set pricing standards for digital applications, this candidate principle was not included in the final framework.

The expert consultation deemed gamification a concrete implementation tactic under the overarching Motivation
dimension, and thus eliminated it as an independent candidate principle.

Strengths and Limitations

This study has several strengths. First, COPD predominantly affects middle-aged and older adults, with incidence rising
markedly with age. Prior research has demonstrated that older adults exhibit poorer long-term engagement and lower
adoption willingness toward the DHTs compared with younger populations. This discrepancy mainly arises because
existing digital health applications rarely accommodate the unique physiological, behavioural and functional needs of
elderly users during development. There are prominent gaps in digital literacy and health technology demands between
age groups, which highlights the necessity of recruiting middle-aged and elderly participants for user research. Our
sample consisted of COPD patients aged 50 to 89, covering the full spectrum of middle-aged and elderly sufferers. Their
demands and concerns regarding DHT-supported COPD self-management better reflect the authentic needs of the general
COPD population and deliver more representative insights than data collected solely from younger patients. Second, the
panel participating in the structured expert consultation covered multi-disciplinary roles, including respiratory physicians,
specialist respiratory nurses, information technology specialists and nursing administrators. This diverse expert composi-
tion guaranteed multi-perspective, well-rounded deliberation during the principle screening process.

This study also has some limitations. First, interview participants were predominantly male patients recruited from
a single hospital, with only one female respondent. While female COPD patients may have unique demands regarding
digital self-management, elderly males constitute the overwhelming majority of COPD sufferers in China.

Second, all data were collected at one tertiary hospital, which may restrict the generalizability of our findings. To
offset this sampling constraint, we integrated perspectives from a cross-disciplinary expert panel during the value
specification stage; the detailed firsthand feedback from participants still provides meaningful references for local
COPD populations.

Third, the first author previously took part in developing mobile applications for chronic disease management and was
also responsible for conducting interviews and data coding in this study, which may introduce subjective bias during data
analysis. To mitigate this risk, rigorous analytical strategies were implemented in the present study, including dual
independent coding, collective verification of all coding outputs by the full research team, and external assessment
conducted by a multidisciplinary expert panel. We argue that these multi-layered safeguards have effectively minimised

bias potentially stemming from the researcher’s prior relevant development experience.

Conclusions

This study offers new insights into user-centered development of engaging digital self-management tools for patients
with COPD. We identified a set of core design principles grounded in COPD patients’ self-management preferences and
unmet needs, which may lay an initial foundation for developing targeted mHealth interventions. However, these
principles cannot be regarded as broadly applicable guidance until they are further verified among female patients,
higher-literacy populations and participants from multi-center cohorts. Based on the core principles summarized in this
research, subsequent research must complete the remaining CeHRes Roadmap phases—including tool design, operatio-
nalization and outcome evaluation—to further test and refine the proposed design framework.
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