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Abstract

Background: Chronic obstructive pulmonary disease (COPD) exacerbations cause physiological and psychological distress,
affecting overall health and quality of life. Early diagnosis of exacerbations is crucial for preserving lung function, preventing
hospitalizations, and reducing health care costs. While remote patient monitoring (RPM) offers the potential for early exacerbation
detection, challenges remain in recognizing symptoms in a timely manner. A noninvasive breath analysis device is under
development to monitor patients with COPD and detect exacerbations before symptoms arise by measuring breath biomarkers
through volatile organic compounds. This study encompassed the initial cocreation phase to align the use of the breath analysis
device and corresponding care process with current COPD exacerbation management and user needs.

Objective: We aimed to explore perspectives on COPD care processes, exacerbation management, and RPM in the Netherlands
through 3 objectives: (1) identify stakeholders in COPD exacerbation care, (2) understand existing COPD care, and (3) explore
stakeholder experiences and expectations regarding RPM in COPD care.

Methods: Following the Center for eHealth Research and Disease Management Roadmap, 4 research activities were conducted
between March 2024 and September 2024 for the initial cocreation phase: (1) desk research, (2) interviews, (3) project group
meeting, and 4) coanalysis focus group. Desk research involved reviewing literature and COPD (exacerbation) care guidelines.
Semistructured interviews (N=34) were conducted with 18 patients, 14 health care professionals (HCPs), 1 caregiver, and 1
hospital policy adviser. Topics included COPD diagnosis, exacerbation management, stakeholder roles in COPD care, and RPM
experiences or expectations. The project group meeting between interviews and the focus group verified interim findings and
guided the focus group content. In total, 6 patients participated in a coanalysis focus group to review interview quotes on
exacerbations and RPM. The framework method was used to analyze the interviews and the focus group through abductive
coding.

Results: Seven key stakeholders were identified in COPD care, patients, pulmonologists, general practitioners, nurse practitioners,
nurse specialists, physiotherapists, and informal caregivers. We observed a lack of uniformity in COPD care, exacerbation
management, and information provision across HCPs. Patients reported struggling to recognize exacerbations. Although patients
with experience in RPM reported positive experiences, they questioned the added value in early detection of exacerbations. Those
without RPM experience were receptive to its use for symptom tracking but were concerned about reduced in-person care and
overreliance on data. HCPs reported seeing value in RPM for between-visit monitoring and efficiently allocating resources but
stressed the need for clear guidelines and noted barriers, such as language proficiency and technology usability.

Conclusions: This study highlights the opportunities to improve COPD care and optimize exacerbation management with RPM.
Future research should refine RPM processes, balance objective data with patient-reported symptoms, enhance communication
among HCPs and with patients, provide clear exacerbation management guidelines, and ensure inclusivity.
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Introduction

Background
Chronic obstructive pulmonary disease (COPD) is characterized
by a gradual deterioration of pulmonary function and is the third
leading cause of death worldwide [1]. The global financial
burden is estimated to be US $4.5 trillion between 2020 and
2050 [2]. Symptoms like persistent cough, (exertional) dyspnea,
wheezing, and sputum production, along with comorbidities,
characterize COPD and impact patients’ quality of life (QoL)
[3]. Patients can experience sudden worsening of symptoms,
clinically identified as exacerbations increasing the risk of lung
function deterioration [4,5].

Annual exacerbation rates range between 22% and 47%, with
hospitalization rates varying from 5% to 25% [6,7]. Moreover,
in the Netherlands, 15% of patients are readmitted within 30
days and 30% within a year [8]. Exacerbations strongly predict
future exacerbations, significantly affecting patients’
physiological and psychological QoL [7,9]. Therefore, early
exacerbation diagnosis and prevention are pivotal for enhancing
QoL, preventing hospitalizations and readmissions, and reducing
associated health care costs [9-13]. However, identifying
exacerbations remains challenging, as it is difficult to distinguish
them from typical COPD fluctuations [5,14]. Therefore, patients
may struggle to recognize exacerbations and seek timely care,
leading to acute worsening of symptoms and potential hospital
visits or hospitalization [12,15].

Existing exacerbation management processes may facilitate
early recognition. These processes include identifying
personalized exacerbation indicators and determining tailored
actions (ie, COPD action plan) or remote patient monitoring
(RPM) to monitor parameters, such as oxygen saturation and
physical activity [16-18]. This can help transition COPD care
from reactive to proactive by increasing patient engagement
and empowerment [19,20]. Some exacerbation management
processes show promise in reducing delays in symptom
recognition, decreasing exacerbation frequency, hospitalization
duration, and readmissions [16,18,21]. Nevertheless, most
processes fail to adequately predict exacerbations
presymptomatically, possibly due to the lack of clear objective
predictors and cut-off measures in combination with
patient-reported outcomes [22-24]. In addition, existing
processes still recognize usability issues largely due to the lack
of trust, unclear processes, and labor-intensive tasks faced by
end users. These challenges include frequent questionnaires,
difficulty in expressing their feelings, the need to manage false
alarms by monitoring staff, and lack of inclusivity by excluding
more vulnerable patients with low health literacy [19,25-27].
These challenges may hinder adherence and widespread
adoption, potentially limiting their benefits for a substantial
portion of the COPD population, specifically the more
vulnerable [23,24,28]. This highlights the disparity between the

needs of exacerbation management processes, such as RPM,
and existing processes [19,22,23].

A novel noninvasive RPM breath analysis device (Respiro BV)
for COPD exacerbation management is currently under
development to objectively predict exacerbations
presymptomatically through specific exacerbation-indicative
breath biomarkers (ie, volatile organic compounds) [29]. The
concentration of these breath biomarkers will be measured
through plasma emission spectroscopy to accurately identify
the type and quantity of each biomarker present. They aim to
ultimately create a unique breath print based on the presence
and concentration of the biomarkers; this breath print will be
analyzed by their proprietary algorithm to predict a possible
exacerbation. However, the device is still under development
with no product prototype available in clinical practice.

Research recommends involving relevant stakeholders and end
users in early product development to improve user experience
and promote successful adoption and to facilitate cocreation
[24,30]. The definition of cocreation is fluid and is slightly open
for interpretation; however, generally, it refers to the importance
of involving diverse stakeholders in the process of defining
complex problems, designing, and evaluating applicable
solutions [31,32]. Cocreation enables the development of goods
or services that are both valuable to prospective end users and
aligned with their needs, as well as the specific context in which
they are intended to be implemented [31]. The initial step in
cocreation is often researching the context in which the product
and process are to be implemented (ie, contextual inquiry) [33].
Therefore, in this phase of the breath analysis device
development, a thorough understanding of COPD care and RPM
processes is required by exploring prospective end users
perspectives, expectations, and needs on integrating the use of
a potential breath analysis device into COPD exacerbations
management [23,24].

Objectives
This study assists in the development of a novel RPM breath
analysis device and corresponding care process by conducting
a contextual inquiry. As such, it serves as the foundation for
the continuation of the cocreation process for the breath analysis
device [33]. This study aimed to thoroughly explore perspectives
on COPD care processes, exacerbation management, and RPM
in the Netherlands through following 3 objectives: (1) identify
stakeholders involved in COPD exacerbation care, (2)
understand existing COPD care with an explicit focus on
exacerbations, and (3) explore stakeholder experiences and
expectations regarding RPM in COPD care.

J Med Internet Res 2025 | vol. 27 | e67666 | p. 2https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/67666
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods

Study Design

Overview
This qualitative cocreation study encompasses the contextual
inquiry, which is the initial cocreation phase according to the
Center for eHealth Research and Disease Management (CeHRes)
Roadmap [33]. The CeHRes Roadmap focuses on the
development of eHealth technologies, emphasizing human
characteristics, the socioeconomic and cultural environment,
and the technology itself as interconnected and essential factors
for successful development and adoption of eHealth solutions.
Therefore, this roadmap is applicable in many different contexts
and for different diseases or health-related issues [33]. The
roadmap will guide the entire cocreation process of the breath
analysis device, which is currently under development; therefore,
it is crucial to understand the context in which the device will
ultimately be implemented and identify successes and any
existing difficulties. Therefore, this study focuses on the initial

cocreation step, contextual inquiry. The next phase will be the
value specification, which will focus on defining the needs,
wishes, and values of prospective end users regarding the device
and corresponding care process and translating them into product
and process requirements. The design phase entails the
development of prototypes, and the usability testing of these
prototypes. Operationalization will examine the actual use of
the device in the existing care process, and a summative
evaluation be made for this use. The formative evaluation step
is inherent to the iterative nature of cocreation and facilitates
moments of evaluation [33].

Within this study, as shown in Figure 1, the contextual inquiry
phase encompassed 4 iterative research activities to achieve the
research objectives as follows: (1) desk research, (2) in-depth
interviews, (3) project group meeting, and (4) coanalysis focus
group. Given the broad applicability of cocreation and the
flexible interpretation of the CeHRes Roadmap, the research
activities conducted in this study can be adapted for other
chronic diseases to inform and guide cocreation processes
[32,33].

Figure 1. Overview of research activities in the contextual inquiry phase, and the corresponding contribution to the study objectives. The research
activities are visualized in the boxes in the top row, with the arrows indicating the interdependencies between activities in terms of input or recruitment.
The arrows between the research activities and research objectives show which activities have contributed to achieving the study’s objectives. COPD:
chronic obstructive pulmonary disease; RPM: remote patient monitoring.

Desk Research
The desk research focused on a search of gray literature (eg,
COPD guidelines and recommendations) and scientific literature
concerning COPD care, exacerbation management (ie, COPD
action plans, personalized guides that helps patients recognize
worsening symptoms early and provides specific steps for
managing flare-ups to prevent further worsening), and existing
RPM processes. This offered an initial overview of stakeholders
and their relative importance based on a general understanding
of COPD exacerbation management and RPM processes. In
addition, during a COPD care conference, health care
professional (HCPs) were asked to identify key stakeholders in
COPD care. These insights were added to the stakeholder
overview.

Interviews
Semistructured interviews were conducted with preliminarily
identified stakeholders, mainly prospective end users, to obtain
in-depth information concerning the perspectives and
experiences of stakeholders regarding general COPD care, living
with COPD, COPD exacerbation management, and RPM
experiences or expectations, as well as to verify the preliminary
stakeholder overview [34].

Project Group Meeting
One project group of key COPD stakeholders, including patients
and HCPs, was formed to integrate cocreation throughout the
research. The project group enabled stakeholders to participate
in decision-making for subsequent research activities.
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Coanalysis Focus Group
In a coanalysis focus group, we engaged patients to verify the
preliminary stakeholder overview and information obtained
from the interviews. Subsequently, participants were inquired
to participate in the thematic analysis of interview quotes related
to the following research topics, experiencing exacerbations,
care received during exacerbations, and RPM expectations and
experiences. The coanalysisfocus group provided deeper insights
into the interview data, helping researchers address their own
biases by incorporating patient perspectives [35,36].

Ethical Considerations
In the Netherlands, studies that do not fall under the scope of
the Dutch Medical Research Involving Human Subjects Act
(WMO) do not require a full ethical review by a recognized
Medical-Ethical Review Committee. Instead, they are assessed
by local non-WMO committees, which provide a declaration
of no objection. Such a nonobjection declaration was also
granted to this study by the non-WMO review board of Leiden
University Medical Center (24-3015). This study is compliant
with the General Data Protection Regulation and the Dutch Act
on Implementation of the General Data Protection Regulation
(Uitvoeringswet AVG). All participants provided written consent

before participating in an interview or focus group. Patients and
HCPs received €25 (US $28) and €100 (US $113) per hour
interview, respectively.

Recruitment and Participants

Overview
For the interviews, project meeting, and coanalysis focus group,
purposeful sampling was used to strive for a diverse population
based on characteristics such as age, sex, ethnicity, profession
(for HCPs), and living situation (urban or rural) [37]. The target
population comprised identified stakeholders, such as patients
and HCPs involved in COPD exacerbation care. Patients were
eligible if they had experienced or feared an exacerbation within
the past 3 years, while HCPs needed to be actively working in
COPD care. In addition, 2 non–end users (ie, hospital policy
adviser for patient care and informal caregiver) were included.
Sampling continued until saturation was reached, with no new
themes emerging from the interviews, with the coanalysis focus
group further confirming data saturation. In total, 5 main
recruitment approaches were used. Figure 2 illustrates the
various approaches and their contributions to the final number
of participants in each research activity.

Figure 2. This overview provides a clear breakdown of the recruitment processes across various activities, contacts, and databases. The Target column
represents the number of individuals targeted through each activity. The Interested column narrows this down to those who expressed interest following
recruitment efforts. The Included column reflects the final number of individuals who were included based on the respective activity. Finally, the Final
column visualizes the number of participants per research activity, as illustrated in Figure 1. ELAN: Extramural Leiden University Medical Center
Academic Network; GP: general practitioner; HCP: health care professional; Pat: patient; Org: organization.

Interviews
All recruitment strategies were used. Familiar contacts were
emailed or called accordingly. Health care organizations were
emailed and called in cases of no response. The recruitment
flyer and text were distributed in a Facebook group for
pulmonology patients. The Extramural Leiden University
Medical Center Academic Network for Primary Care Facilities
database was targeted through a newsletter [38]. Finally, a
patient’s partner from the coanalysis focus group was recruited
as an informal caregiver (Figure 1). After prospective

participants showed interest, they received a detailed information
letter and informed consent form to formally consent to their
participation. In total, 14 HCPs, 18 patients, 1 hospital policy
adviser, and 1 informal caregiver were interviewed.

Project Group
The Lung Health Organization recruited patients from its own
database of patients who were generally interested in
contributing to COPD-related projects (recruitment strategy 3).
In addition, 2 specialized COPD nurses from both primary and
secondary care were recruited via strategy 1 and 5 (Figure 2).
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Finally, 2 Respiro B.V. partners participated as senior
management and engineer. A total of 3 Leiden University
Medical Center researchers (JJA, MJK, and AM) initiated the
meeting.

Coanalysis Focus Group
Researcher AM contacted the Lung Health Organization in
Utrecht (the Netherlands) to request assistance with recruiting
participants for the focus group (recruitment strategy 3). Their
existing contacts were approached to gauge interest, leading to
a coanalysis focus group session with 6 participants, including
the coordinator.

Data Collection

Interviews
The interviews lasted approximately 60 minutes and were
performed physically or through Microsoft Teams. Interview
topics (Multimedia Appendices 1-3) concerned the COPD
diagnosis process, experiences with COPD, exacerbations,
exacerbation management, the roles, and responsibilities of
different stakeholders in COPD exacerbation management, and
their possible experiences or expectations with RPM processes.
Participants filled out a demographic characteristic
questionnaire. Patient interviews were mostly conducted in
person, while HCP interviews were typically done digitally due
to their time constraints. Interviews were conducted between
April 2024 and September 2024. In total, 10 interviews were
conducted with 2 researchers (AM and EB); the remaining
interviews were conducted either by researcher AM or EB.

Project Meeting
The participants were asked to verify the preliminary stakeholder
overview developed based on the desk research and interviews.
Thereafter, the content of the coanalysis focus group was
discussed with the participants to obtain their feedback. This
led to significant changes in the coanalysis focus group content,
particularly in the explanation and exercises designed to
familiarize participants with thematic analysis. The patients
involved in this project group were familiar with participating
in research activities and interacting with HCPs or researchers;
hence, they felt confident enough to raise their voice and provide
constructive feedback.

Coanalysis Focus Group
A total of 3 researchers (MJK, JJA, and AM) led the coanalysis
focus group, consisting of 3 phases. In phase 1, participants
created a stakeholder overview of key stakeholders in COPD
care and a word cloud reflecting words associated with their
experiences or expectations of RPM. In phase 2, participants
were introduced to coanalysis through a coding exercise,
creating a word cloud from their COPD care experiences,
grouping related terms, and assigning overarching themes (ie,
brain mapping). These 2 phases were moderated by AM and
were conducted with the entire group. During phase 3,
participants read quotes, identified keywords (codes), and were
encouraged by the moderators to group these codes under
overarching themes, as practiced in phase 2. Simultaneously,
the quotes prompted discussions about their own experiences
with COPD care, exacerbation management, and RPM often

confirming interview findings and introducing new insights.
This phase was moderated by JJA and MJK. Afterward,
participants completed a questionnaire gathering their
sociodemographical information.

Data Analyses

Overview
The interviews and coanalysis focus group data were audio
recorded, transcribed verbatim, and pseudonymized.
Furthermore, descriptive analyses (eg, mean and SD, number
and percentage) of interview and focus group participants were
performed in Microsoft Excel 365 to summarize participants’
sociodemographic characteristics.

The framework method was deemed most applicable to the
explorative nature of this study and allowed for codes and
themes to emerge inductively and deductively [39,40]. The first
2 interviews with patients and HCPs were individually coded
by 2 independent researchers (AM and EB). Consequently, the
codes were compared during consensus meetings to develop a
comprehensive code scheme and to improve intercoder
reliability [41]. Once consensus was reached, one researcher
(AM) coded the remaining transcripts. A consensus meeting
was conducted if any new codes emerged. The entire coding
procedure was supervised by 2 researchers (JJA and MJK) and
the final set of codes and subcodes was reviewed (Multimedia
Appendix 4). If required, consensus meetings were scheduled
with the senior researchers. The analysis of the interview data
was performed using the Atlas.ti (Lumivero) software (version
23).

Coanalysis Focus Group
The input from phase 1 was summarized and resulted in a final
overview of key stakeholders in COPD exacerbation
management and an overview of their first associations with
RPM in COPD care. The thematic coding exercise of phase 2
was summarized in a handwritten overview developed during
the focus group. The new codes identified by the participants
during phase 3 were added to the existing code scheme and
applied to relevant quotes. The discussions between participants
while reading the quotes were recorded, transcribed,
summarized, and coded using the existing code scheme. Any
new themes that emerged from the coanalysis focus group were
used to further contextualize the results.

Results

We aimed to address the following objectives: (1) identifying
stakeholders in COPD care, (2) understanding current COPD
care processes, and (3) assessing stakeholder experiences and
expectations regarding RPM in COPD care. During this process,
2 overarching themes emerged, providing a comprehensive
summary of the contextual inquiry phase as follows: (1) The
regular COPD care process and (2) The exacerbation
management process. The experiences and expectations related
to RPM were interrelated to these 2 main themes.

Population Characteristics
An overview of key stakeholders in COPD exacerbation care
was determined based on all research activities. The stakeholders
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prominently involved were patients; partners or informal
caregivers; primary, secondary, and rehabilitation care nurses;
physiotherapists; pulmonologists; and general practitioners
(GPs). Less frequently mentioned stakeholders, such as home
care nurses, pharmacists, and breathing coaches were excluded
from the interviews for clarity.

Table 1 presents a summary of the demographics of the patient
interviews and coanalysis focus group. Patients’ ages varied
between 48 and 86 years and their COPD Global Initiative for

Obstructive Lung Disease classification ranged from stage 2 to
4. Most patients (23/24, 96%) had experienced at least one
exacerbation in the last 12 months. Table 2 represents a
summary of the HCP interviews. The HCPs’ ages varied from
33 to 60 years and their professions were pulmonologist, nurse
specialist (NS; secondary care), rehabilitation nurse, GP, nurse
practitioner (NP; primary care), and physiotherapist. Participants
were mainly from the central and southern regions of the
country.

Table 1. Patient characteristics of interview and coanalysis focus group participants (N=24)a.

ValuesCharacteristics

68.5 (8.9)Age (y), mean (SD)

14 (58)Male sex, n (%)

Nationality, n (%)

21 (88)Dutch

1 (4)Dutch-Moluccan

1 (4)Dutch-Iranian

1 (4)Dutch-Turkish

10 (7)COPDb (y), mean (SD)c

GOLDd classification, n (%)

3 (13)2

9 (37)3

7 (29)4

5 (21)Unknown

Education, n (%)

10 (42)Low (no education to high school)

6 (25)Intermediate (intermediate vocational education)

8 (33)High (BSc, MSc, or doctorate)

Profession, n (%)

7 (29)Disabled for work

14 (58)Retired

3 (13)Volunteer

7 (29)Experience with RPMe, n (%)

aIn total, 18 patients and 1 informal caregiver participated in interviews and 6 patients participated in the coanalysis focus group. The characteristics of
the informal caregiver was not added to the table. She was aged 78 years, Dutch, had experience with RPM because of her partner, had an intermediate
education, and was disabled for work due to burn-out and her informal caregiver tasks.
bIn total, 21 patients provided information on the number of years they had a diagnosis of COPD.
cCOPD: chronic obstructive pulmonary disease.
dGOLD: Global Initiative For Chronic Obstructive Lung Disease.
eRPM: remote patient monitoring.
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Table 2. Characteristics of interview participants, health care professionals, and the policy adviser (N=15).

ValuesCharacteristics

43.7 (9.5)Age (y), mean (SD)

4 (27)Male sex, n (%)

Profession, n (%)

6 (40)Pulmonologist

1 (7)GPa (primary care)

5 (33)Nurse

1 (7)NSb (secondary care)

1 (7)Rehabilitation nurse

3 (20)NPc (primary care)

2 (13)Physiotherapist

1 (7)Policy adviser

15.6 (10.3)Experience (y), mean (SD)

10.3 (5.5)Experience in COPDd (y), mean (SD)

6 (40)Experience with RPM, n (%)e

aGP: general practitioner.
bNS: nurse specialist.
cNP: nurse practitioner.
dCOPD: chronic obstructive pulmonary disease.
eRPM: remote patient monitoring.

Regular COPD Care Process

Overview
According to the HCPs, the initial conversation for diagnosis
is typically conducted by the GP or pulmonologist. Some
pulmonologists indicated that due to time constraints, follow-up
conversations are conducted by nurses. In total, 2 interviewed
NPs indicated that they serve as the primary point of contact
from the initial diagnosis onward, only consulting the GP when
unfamiliar situations arise. Depending on patient’s medical
status and COPD classification they are either under treatment
in primary care or secondary care. The more complex cases are
often referred to secondary care. Although many found it
difficult to recall details, most patients noted that the information
they received at diagnosis was limited, typically consisting of
a brief explanation of COPD and instructions on how to use
their inhalers:

The initial diagnosis made by a GP was “you have
COPD, good luck living with it and there is nothing
we can do.” [Patient 10]

The patients interviewed reported feeling restricted in their daily
lives and having to rely on others during routine activities like
grocery shopping, cooking, cleaning, and sometimes even eating.
Individuals living alone initially felt embarrassed to seek help
but soon recognized its necessity, especially as their
rehabilitation emphasized the importance of distributing their
energy throughout the day, particularly during recovery from
an exacerbation. HCPs observed that patients often struggle to

grasp the progressive nature of COPD, leading to frustration as
they adapt to life changes caused by their worsening condition:

When we’re out and I need to use the rest room, I
need to take breaks frequently and end up occupying
the rest room for a while. I often try to anticipate
going to the rest room before leaving, which adds
more stress to the situation. [Patient 1]

Patients with stable symptoms typically attend consultations
with their GP or pulmonologist once or twice a year. Despite
regular interactions, ambiguity often exists among patients
regarding their primary point of contact. When available,
patients may also have biannual appointments with an NP or
NS. Physician visits often last between 10 and 15 minutes,
covering medication management and their health status. Some
patients expressed doubts about the value of pulmonologist
visits, citing limited time for in-depth discussions and a lack of
understanding of their needs and preferences concerning
medication and aids, such as oxygen. Some even felt their
concerns and questions were overlooked or ignored, leading to
dissatisfaction and the decision to change physicians. Others
reported high satisfaction, valuing effective communication and
prompt responses. Some could easily contact their HCPs
whenever they felt anxious or experienced symptoms worsening.
An illiterate interviewee received information verbally, which
met his needs. However, despite repeated explanations, he had
difficulty retaining detailed information about his condition but
was proactive in seeking assistance when needed.

HCPs reported that they strive to deliver optimal and equitable
care, but experience challenges in providing optimal care to
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patients facing information or language barriers. Although NPs
and NSs often have more time to address disease-related needs
and use tools like the Assessment of Burden of Chronic
Conditions (which visualizes changes in patient-reported
outcomes with color-coded balloons) and the “topic overview”
placemat (which helps patients choose relevant topics for
discussion), they still acknowledged and encountered barriers:

Low literacy and limited digital skills present a
challenging situation where communication frequently
lacks because it just does not get through. When a
patient relies on a young child to translate, it further
hinders effective interaction and creates personal
resistance from my end. [NS]

Experiences and Expectations of RPM During Regular
COPD Care
Some patients, as well as the informal caregiver (8/25, 32%),
were familiar with RPM for COPD, using mainly apps with
daily, weekly, or monthly questionnaires that became more
frequent when they indicated an increase in symptoms. While
they valued the reassurance of ongoing monitoring, motivation
was often external and depended on HCP’s recommendations
or perceived benefits for HCPs. Despite a generally positive
view, many questioned RPM’s specific benefits for their health
or COPD management and struggled with vague or ambiguous
questions and unhelpful automatic responses such as “refer to
your COPD action plan” or “call your GP.” In addition, some
patients noted that the repetitive nature of the questions could
lead them to respond automatically, without consciously
reflecting on their feelings and answers. A system that could
objectively measure their status was therefore considered
beneficial to them:

The question, “Do you feel normal?” can be
answered with the option, “I feel normal” or “I feel
better.” But better? That hasn’t been the case for a
long time. I find it a bit suggestive, and the other
possible answer implies something much worse,
making it difficult questions to interpret and answer.
[Patient 8]

Patients unfamiliar with the concept of RPM had varying
expectations. Some were enthusiastic about sharing their status
with HCPs, believing it would enhance communication and
disease management. Others worried that RPM might reduce
human interaction and limit consultations to even lesser frequent
intervals. In addition, patients questioned whether RPM systems
could fully capture their well-being through stand-alone data.
Some worried that HCPs unfamiliar with their medical history
might misinterpret data and therefore miss crucial insights.
Others were open to interacting with new HCPs but emphasized
the need for evidence or trust that the system would positively
impact their well-being. Generally, most patients did not foresee
technical barriers to using RPM but stressed the need for
comprehensive in-person training to aid adoption and empower
them. A patient with a migration background, fluent in Dutch
but with a history of addiction and lower education, reported
difficulties with tasks like emailing and online banking. Despite
this, he expressed a positive attitude toward using RPM for
health monitoring and regular HCP assessments. He felt

confident in his ability to use RPM effectively, provided he
received thorough introductory training:

Yes, I find it challenging to send emails and manage
online banking for instance, but an app like that
[RPM] sounds great. It would allow me to keep track
of my disease and health status, and I wouldn’t need
to bother my nurse as much. They could simply guide
me through the app on what to do. I think that would
be really helpful. [Patient 18]

Among the interviewees, RPM was solely implemented in
secondary care; hence, from the HCPs only 1 NS, some
pulmonologists, and the policy advisor (6/15, 40%) were
familiar with these processes within COPD care. In addition, 2
pulmonologists from the same hospital had recently changed
RPM systems due to technical system changes but had positive
experiences with the previous system as it showed a reduction
of exacerbation-related emergency room visits and
hospitalization. The NS with RPM experience was optimistic
about the future of RPM. He foresaw that through RPM time
and resources could be allocated more efficiently, but also noted
challenges related to digital and language barriers and some
patient populations’eligibility. HCPs generally indicated asking
patients if they were interested in participating in RPM
processes. However, they also reported that in many cases they
would assess patients’ eligibility. According to the participant
whose native language was Farsi, language should not pose a
significant barrier in today’s society. He suggested that tools
like Google Translate effectively eliminate communication
obstacles, enabling individuals such as himself to participate
more in such interventions:

You don’t notice much of it [effect of RPM] yet, but
I think in the long term, as more people participate
and we all become more familiar with this population,
it [RPM] will help reduce the workload. We’ll see
patients less frequently, maybe only once every year
and a half. That’s where the real benefit should come
from. [NS]

HCPs without RPM experience (9/15, 60%) were generally
open to its benefits, noting that regular insights into patients’
well-being could prompt timely interventions and reduce
unnecessary visits. However, they expressed concerns about
the frequency of use, the inclusion of patients who may benefit
from RPM but are perceived as ineligible, and the distribution
of roles across different HCPs and the patient. They also
reported that having insight into patients’ medication use,
especially changes that might not be communicated until a
regular consultation, would be very beneficial. This information
is considered crucial for understanding a patient’s disease
trajectory:

There are situations where a patient repeatedly falls
ill with varying symptoms, and after several rounds
of treatment, both the doctor and the patient start to
wonder, “Are we on the right path?” A home
monitoring app could add significant value here,
providing insights that the patient might struggle to
recall. [Pulmonologist]
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Exacerbation Care Process

Experiencing and Recognizing Exacerbations
Most patients reported being unaware of what an exacerbation
was until they had experienced it one or more times, a finding
that was confirmed by some HCPs. Many did not recall detailed
information about exacerbations at diagnosis or during following
consultations, aside from possibly receiving information in
brochures. Some HCPs reported that they intentionally avoid
discussing exacerbations during the initial consultation to
prevent overwhelming patients. Instead, they may briefly
mention that symptom fluctuations are inherent to COPD or
choose to introduce the topic only after the patient has
experienced an exacerbation. A patient during the coanalysis
focus group coded quotes regarding this topic as “feeling
ignorant” and “confused” due to a lack of understanding about
what was happening to him and the implications of worsening
symptoms:

I couldn’t come back; it just kept getting worse. I
should have called for help sooner, but I was
inexperienced and overwhelmed. I felt completely out
of breath, struggling to stay afloat, and genuinely
feared it was the end. [Patient 9]

Overall, patients reported experiencing certain exacerbations
as traumatic, characterized by sensations of suffocation, a state
of disorientation, and feeling deadly ill. When asking patients
how they would describe an exacerbation, the definitions and
recognition varied greatly among patients. Some described an
exacerbation as persisting and extreme illness-like symptoms,
such as fever, extreme fatigue, and breathlessness, while others
described them as short episodes of extreme breathlessness
sometimes leading to a panic attack or having a “bad day.”
Almost all patients admitted struggling at times with
distinguishing a “normal” cold from an exacerbation. In
addition, patient responses indicated that terms such as
“exacerbations” and “pneumonia” are sometimes used
interchangeably by HCPs. As one nurse clarified, while every
case of pneumonia is an exacerbation, not every exacerbation
is a case of pneumonia:

Interviewer: You mentioned earlier that you have
experienced exacerbations.

Patient 1: Yes, yes. Quite a lot actually. I’ll have three
good days, and then I feel worse. That’s essentially
another exacerbation. Although, for many patients,
it’s very difficult to recognize what an exacerbation
really is.

HCPs define an exacerbation as a worsening of symptoms for
at least 2 to 3 days, with increased coughing and green sputum.
They noted that patients often have difficulty recognizing an
exacerbation promptly, even with a COPD action plan designed
to guide early symptom identification and management.

Acting Upon Exacerbations
Delays in seeking help and contacting HCPs remain a concern
in COPD care, confirmed by both patients and HCPs. Most
(26/39, 67%) of the participants, both patients and HCPs, were
familiar with the COPD action plan or had heard of something

similar. In the other cases, it was either not discussed or
unknown. Nevertheless, some HCPs acknowledged that use of
the plan is not integrated into their standard care process. Most
patients who had undergone rehabilitation reported becoming
acquainted with the COPD action plan during rehabilitation,
where they received practical tips and theoretical information
on effective exacerbation recognition and daily energy
management. All patients who underwent rehabilitation were
highly enthusiastic and felt that they gained significant insights
into their condition:

It’s usually introduced to people who experience
frequent exacerbations, and then the pulmonary nurse
is involved to develop such a plan with them. Ideally,
we would provide it to everyone, but we simply don’t
have enough resources for that. [Pulmonologist]

The use of the plan varies significantly, some patients follow
it diligently, while others use it inconsistently or still face
challenges in seeking timely help due to uncertainty about
symptom severity or underestimation and trivialization of
symptoms. In addition, friends, family, and physiotherapists
often alert patients to worsening shortness of breath or other
physical changes, prompting them to contact their HCP. Some
patients in secondary care indicated that they often consult their
GP first for advice and medication. While pulmonologists
generally have no objections to patients contacting their GP,
they prefer to be informed about any exacerbation treatment to
monitor disease progression. The interviewed physiotherapists
mentioned occasionally contacting patients’ GPs to inform,
advise, or discuss the patients’ conditions, given their frequent
contact with patients. However, this interaction is often
perceived as one-way communication and generally lacks a
well-established multidisciplinary collaboration:

I don’t use it [COPD action plan]. No, I don’t really
need it. It’s intended for situations where someone is
with me and I might have an exacerbation. So my
friends know they can refer to the plan because that’s
what it’s for. At least, that’s how I understood it. Or
isn’t it? [Patient 2]

In some cases, patients have a clear protocol for managing
symptom worsening, such as contacting their HCP for
medication advice or scheduling a physician visit. Some patients
had established agreements with their physicians, allowing them
to initiate treatment independently when suspecting an
exacerbation. For instance, an illiterate patient used a designated
phone number to reach an NS during specific hours, to address
his worsening symptoms. One GP recommended patients to
call if coughing persisted 2 days, despite the clear guidance,
they still experienced delays in patients seeking medical help.
Furthermore, many patients felt the general definition of an
exacerbation did not match their symptoms, such as lack of
persistent coughing, green sputum, or fever, confusing whether
to contact their HCP:

I have a card with the phone numbers and names of
the nurses. You can call them during specific hours
if it seems like things are worsening, like a telephone
consultation for COPD. [Patient 13]
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Experiences and Expectations of RPM During
Exacerbations
Patients experienced that RPM often had a well-established
process in place already for managing symptom worsening.
Consequently, they questioned the app’s value in addressing
exacerbations. They often did not consider using the app for
worsening symptoms if they had already completed their weekly
questionnaire, as it might have been sent on Monday, while
symptoms began on Wednesday. Although some patients
received advice from nurses monitoring the app varying from,
“wait and see” to “increase medication usage,” or “visit your
HCP for a check-up,” when reporting worsened symptoms. The
majority (6/7, 86%) did not find it effective in preventing or
identifying exacerbations earlier. One patient specifically
mentioned not feeling more secure or empowered by the app.
However, most patients viewed it positively, appreciating the
continuous insights into their well-being over a longer
timeframe, its visibility for HCPs, and the ability to easily
contact HCPs when needed. Although they rarely used the chat
functionality for urgent medical support:

You would naturally get a sense of whether things
were improving or worsening. And if things weren’t
going well, I would automatically receive a message
from the nurses saying, “It seems like you’re not
doing well, maybe you take more medication” or “Be
cautious and if it worsens contact your GP.” Overall,
I was quite pleased with it. [Patient 3]

They rely on the information I provide. And that time
the exacerbation happened on Wednesday, not on a
Monday or Sunday. In such cases, I don’t think about
it [name of application]. I don’t consider calling my
pulmonologist, I call my GP first. I’m not saying they
wouldn’t have helped if I had called, but the app
wouldn’t have been useful in that situation. [Patient
9]

The interviewed patients unfamiliar with RPM processes (17/24,
70%) had varied perspectives and expectations regarding its
use in exacerbation management. Some felt it could enhance
their understanding of COPD and enable earlier detection of
exacerbations. These patients, who often already monitored
their saturation, blood pressure, or heart rate, were open to using
an objective measurement system for predicting exacerbations.
Conversely, others expressed skepticism, emphasizing the
importance of physically observing patients and evaluating their
overall presentation, even if conducted during video
consultation. Furthermore, most patients felt it would be more
convenient to interact with HCPs familiar with their health status
to avoid repetitive discussions, reduce data misinterpretation,
and foster trust:

It would be great if there would be something that
could detect it [exacerbation] before I do. It would
feel like having a buddy that helps keep an eye on me.
[Patient 5]

Last time I mentioned over the phone that I wasn’t
feeling well, but she said, ‘the data shows you are
fine,’ and, in those situations, I shut down, because
I think to myself, I’m not a machine. No, I can’t say

I have much confidence in home monitoring. [Patient
10]

Most HCPs (14/15, 93%), regardless of their experience with
RPM, believed that RPM could aid in the earlier identification
of exacerbations, with a system incorporating both objective
and subjective measurements being the most beneficial. HCPs
generally preferred patients to proactively notify them through
the RPM system. HCPs should intervene only if the system
indicates concerning outcomes without the patient initiating
contact. One physiotherapist suggested that HCPs should be
responsible for monitoring the data and contacting patients, as
patients might not be skilled to interpret medical data:

I think a questionnaire and some form of objective
measurements could add even more value, where the
breath analysis device could anticipate an
exacerbation for instance. But it would need to be
combined with the symptoms a person is experiencing.
[Pulmonologist]

Overall, most of the participants (34/40, 85%) were receptive
toward RPM and anticipated benefits in early exacerbation
detection. However, various participants noted that successful
implementation requires clear guidance, logistics, defined roles,
and responsibilities between different HCPs and patients, and
careful consideration of RPM’s content and frequency of use.
In addition, maintaining a human element in COPD exacerbation
management is crucial, as exacerbation presentations can
strongly vary among patients:

Clear agreements need to be made about
responsibilities, and if I’m not the primary caregiver,
I don’t think I am the right person to handle it. Other
arrangements can be made, but they need to be clear
at the regional level. Otherwise, it becomes
unmanageable for the pulmonologist, especially with
agreements involving multiple general practitioners.
It’s best to coordinate such arrangements regionally
to avoid overwhelming the hospital. [GP]

Discussion

Principal Findings
This study encompassed the initial stage of cocreation, a
contextual inquiry, to support the development of a novel RPM
device and corresponding care process for COPD exacerbation
management. We identified 7 main stakeholders as prominently
involved in COPD care: patients, pulmonologist, GP, NP, NS,
physiotherapists, and informal caregivers. Our findings revealed
a lack of national uniformity in COPD care, exacerbation
management, and RPM use, as well as some concerns regarding
the use and added value of RPM; we also confirmed that
exacerbation recognition remains challenging.

Comparison to Previous Work
State-of-the-art literature was compared to our findings based
on themes identified in the results. The implications of patients’
daily lives found in our study were in line with existing literature
where patients often address their forced reliance on others due
to their physical impairments and their inability to conduct
simple tasks and domestic chores [42]. Furthermore, COPD is
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often linked to mental health challenges as patients cope with
accepting their diagnosis, declining health, daily adjustments,
and exacerbations [43]. These challenges may be reinforced by
the lack of information provided to participants regarding
exacerbations at diagnosis and throughout the COPD care
process, which is a known issue in COPD care [25,44]. Hayes
et al [45] conducted a questionnaire among UK patients to assess
their perspectives on COPD care, where patients reported either
missing information about their COPD diagnosis or during
discharge, or not understanding the information provided. In
addition, a review exploring patients’ needs in advanced stages
of COPD concluded that information about the implications of
the disease is often insufficient [46]. These findings suggest a
lack of information provision experienced by patients throughout
various stages of their disease [42,44-46]. Research shows that
open communication and information provision strengthen the
patient-HCP relationship [46]. This aligns with our findings
that patients sometimes feel overlooked by their pulmonologist
when their questions are ignored or when there is a lack of
transparency about their health status. Our study, along with
previous research, confirms that patients with COPD are eager
to learn more about their condition [47]. However, the British
Lung Foundation reported that approximately 75% of
respondents did not receive clear support to manage their care
and missed an agreed written plan on managing their COPD
[48]. This emphasizes the importance of improving the guidance
and involvement of patients with COPD throughout their care.
Our study’s findings strengthen the advice of frameworks, such
as patient-centered care where it is deemed essential to actively
engage patients in their care process to improve health care
quality and safety [49]. This prerequisite in patient-centered
care can be translated to the development and implementation
of sustainable and valuable RPM processes in COPD
exacerbation management, by recognizing patients as
collaborative experts and responding to their needs and values.
In addition, HCPs noted that language barriers often diminish
the quality of care and information provision. Borge et al [50]
highlight this gap, noting that there is a disparity between the
needs of patients with COPD with low health literacy and the
ability of HCPs to address those needs. This lack of
understanding of patients’ needs may reflect situations where
language barriers impact the quality of care provided and
received, suggesting that training and enhanced communication
are necessary to bridge this gap [50].

The gaps and inequities in health care appear to widen with
technical processes like RPM [51]. HCPs who participated in
this study acknowledged that they gauge patients’ suitability
for processes, such as RPM, a finding consistent with existing
literature [52]. Studies highlight that HCPs often hesitate to
offer RPM to their most vulnerable patients, limiting
participation among those who could benefit the most
[15,26,53]. These factors may unintentionally widen the gap
within the Dutch COPD population by favoring patients who
are more engaged with their disease or more willing to
participate in such processes [53]. Cocreation frameworks, such
as the CeHRes and PROCEDURES emphasize the importance
of collaborating with patients continuously throughout the
development cycle [32,33]. Although they recognize the need
of focusing on health literacy and digital or language barriers,

they often lack explicit guidance on how and when to consider
and involve more vulnerable populations. Integrating theories
in which inequality barriers are considered, such as the
Enhanced Chronic Care model could facilitate in strengthening
cocreation processes by actively involving and advocating on
behalf of vulnerable populations [54].

Despite concerns anticipated inequities in RPM and the
skepticism in the literature regarding the effectiveness of other
RPM devices, such as at-home spirometers or wearables, the
HCPs interviewed in this study remained optimistic about
RPM’s future [17,52,55]. However, they emphasized that its
success depends on facilitating conditions, such as clear
agreements regarding implementation, communication, and
responsibility. This aligns with the unified theory of acceptance
and use of technology (UTAUT) framework, in which one of
the concepts considered as an important factor for influencing
behavioral change is “facilitating conditions” [56].

Most patients (6/7, 86%) in this study who used RPM questioned
its added value for exacerbation management, early exacerbation
detection, and overall well-being. These patients were often
knowledgeable about their condition and had already established
clear communication with their HCPs regarding exacerbation
management. According to the literature, this might be a reason
that patients perceive RPM processes as redundant or
cumbersome [25]. The absence of perceived added value aligns
with findings from a study assessing the app used by some of
our participants, which found no significant reduction in
exacerbation-related hospitalizations [22]. Nevertheless, the
review by Nagase et al [20] highlights that RPM can lead to
better insights into their condition, disease control, reduced
anxiety, and a decreased burden on family members. These
benefits were not frequently mentioned by participants in this
study, although they expressed feeling more secure due to easier
communication with their HCPs and the benefit of continuous
insights into their well-being. However, most patients did not
experience or believe that the app they used contributed to
earlier recognition or action in case of an exacerbation.
Conversely, patients without RPM experience believed that
RPM could aid in early recognition of exacerbations, aligning
with a qualitative study in which patients felt it could enhance
their awareness of symptom deterioration [25]. This highlights
a discrepancy between the perceived and experienced added
value of RPM in COPD care and exacerbation management.
The UTAUT emphasizes the role of performance expectancy,
which has a direct influence on willingness to use and behavioral
change. In our study this is reflected by patients’ expectations
of RPM benefits despite lack of prior experience with RPM. In
contrast, experienced patients, as reflected in this study,
expressed skepticism about its added value in exacerbation
management. According to the UTAUT, experience is a key
moderating variable in behavioral change [56]. This underscores
the importance of considering the perceived usefulness and
lived experience of an innovation in the early stages of
development to anticipate on the desired behavioral change in
the implementation phase. The updated CeHRes 2.0 Roadmap
highlights the importance of behavior change techniques during
cocreation, which will be taken into account in the subsequent
phases of the cocreation process [57].
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There is no standardized care process for managing
exacerbations as it largely depends on the agreements between
patients and HCPs as well as patients’ability to recognize when
action is required, aligning with our findings [58]. Many patients
continue to struggle with distinguishing between disease-related
fluctuations, common colds, and exacerbation symptoms [5,59].
A widely known tool for early exacerbation recognition is the
COPD action plan, aiding patients in identifying deteriorating
symptoms early and providing personalized guidance, such as
adjusting medication or contacting HCPs [18,28]. Most
interviewed patients were familiar with this plan, although HCPs
acknowledged that they do not introduce this to every patient.
However, some patients familiar with the plan, continued
struggling with recognizing exacerbation-related symptoms.
Schrijver et al [19] also reported other barriers, such as disliking
daily symptom monitoring and the complexity of symptom
diaries and action plans. Participants in this study expressed a
willingness to monitor daily symptoms through RPM if they
believed it would enhance their COPD care or overall health
status. Literature offers no clear consensus on the efficacy of
RPM in preventing exacerbations. Some studies suggest that
RPM aids in early exacerbation detection, reduces exacerbation
frequency, and lowers hospitalization rates, while others find
little significant evidence [16,60,61]. Studies demonstrating
beneficial outcomes typically focus on measuring vital
parameters. They may also incorporate questionnaires like the
Clinical COPD Questionnaire and assess physical activity
through step counting, which could account for differences in
experiences and study results [16,21,60].

Previous studies emphasize the positive complementary effect
of measuring objective data alongside patients’ subjective
experiences [23,52]. A wide variety of RPM devices and
processes exist, yet we note the variety in perceived and
experienced added value. This points to the need to refine
existing RPM devices and processes to accommodate efficient,
effective, and inclusive COPD exacerbation management for
the individual patient while taking behavior change techniques
into account. This is in line with the recently published
PANACEA framework, which emphasizes the importance of
the degree to which RPM processes meet needs in COPD care
by assessing performance, disease management, costs, patient
experience, clinical experience, research experience, and access.
This framework strengthens the need of this current cocreation
study and continuation of cocreating the RPM device and care
processes by involving the important stakeholder’s experiences
and ultimately facilitating successful uptake in clinical care
[62].

Strengths and Limitations
An important strength of this study is its uniqueness in which
this study has performed the initial cocreation phase, guided by
the CeHRes Roadmap, with such detail within this population.
We have systematically performed various iterative research
activities that strengthened the cocreative nature of this study
and the final findings. In line with this, the analyses of the
interviews were partly conduced in coanalysis with patients
with COPD, which, to our knowledge, is the first study to have
performed coanalysis with this population. The coanalysis
allowed for the involvement of prospective end users throughout

all the aspects of this first cocreation phase, and to move beyond
the researchers’ perspective during analyses [36]. Furthermore,
studies often focus solely on either patients or HCPs, neglecting
to address both perspectives in COPD care, exacerbation
management, and RPM processes, or fail to include caregivers
and other relevant stakeholders hampering the
comprehensiveness of cocreation in this respective field [30,63].
This study addressed this limitation by incorporating a variety
of stakeholders and perspectives. Finally, cocreation processes
frequently involve knowledgeable patients who have adequate
technical or language proficiency, potentially increasing health
disparities [64]. In contrast, this study involved individuals with
diverse migration backgrounds, educational levels, and digital
and literacy proficiencies from the outset of the cocreation
process. This approach established a strong foundation for future
cocreation phases and ensured inclusivity from the start, aiding
to develop a novel RPM device and corresponding care process
to accommodate a broad range of end users’ needs and
requirements.

One of the limitations was that patients unfamiliar with RPM
might have found it challenging to envision the processes and
articulate their expectations, particularly those with language
barriers or lower educational levels. However, involving
individuals who have no prior knowledge or experience with
RPM to understand their perceptions of its purpose and potential
relevance to their care process can also be perceived as strength.
In such cases, researchers attempted to explain RPM using an
example of an existing process, without giving too many details
to avoid biasing responses. Nevertheless, it is possible that
patients’ responses about their ideal RPM device and process
were biased, as their creativity may have been hampered after
hearing the researcher’s explanation. This could limit the extent
to which their answers reflected original, imaginative thinking
and restricted out-of-the-box ideas. Furthermore, their perceived
expectations may have been skewed by the way potential RPM
processes were presented, leading to the possible idealization
of RPM’s added value to their COPD care and overall
well-being. Furthermore, most participants were from the
midsouth of the Netherlands, which may limit the
generalizability of the findings to the northern regions, as
differences were observed even between adjacent areas. Given
the greater remoteness and longer distances to hospitals in the
northern Netherlands, the perceived and experienced added
value of RPM processes may differ significantly from the
findings of stakeholders in the central and southern regions of
the country.

Implications
This study provides a solid foundation for the subsequent
cocreation steps (value specification, design phase,
operationalization, and evaluation) in developing a novel RPM
device and corresponding care process for COPD exacerbation
management. As this device remains under development, the
study supports the identification and extrapolation of user needs,
preferences, and values. These insights serve as inputs for
subsequent cocreation phases, guiding the translation of user
values and needs into technical and user requirements during
the value specification and design phases. This approach aims
to guide the development of a prototype for a novel RPM device
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and an accompanying care process blueprint, such as the breath
analysis device. In addition, the methodology of this study can
serve as a guide for other cocreation efforts, whether in similar
or different populations or conditions. The findings also offer
several opportunities to enhance clinical practice in COPD
exacerbation management and RPM processes. Future research
should focus on further developing and improving RPM devices
and especially corresponding processes. This involves striking
the right balance between collecting objective measurements
and subjective patient-reported symptoms through RPM,
improving communication among HCPs and between HCPs
and patients in both primary and secondary care, providing clear
information and transparency on COPD, medication usage,
health aids, exacerbation management, and improving
inclusivity. It also involves refining how HCPs evaluate patients’
eligibility for exacerbation management processes, such as
RPM, to ensure that all patients can benefit from new
interventions rather than only those deemed sufficiently skilled.

Conclusions
This paper provides a detailed overview of the context in which
a novel RPM device and its corresponding care process may be

implemented. It offers insights into key stakeholders, regular
COPD care processes, the variation in exacerbation
management, information provision, and experiences and
expectations regarding RPM processes. Improving the
information and transparency provided to patients about COPD
and exacerbations is essential for optimizing COPD care. The
overall willingness to use RPM presents opportunities to
enhance COPD exacerbation management. However, this study
highlights the need to identify and target appropriate patients
for RPM, particularly those often perceived as ineligible due to
technical or language barriers. In addition, the perceived value
of RPM must be demonstrated to patients and HCPs to facilitate
acceptance and uptake. The findings highlight opportunities to
refine COPD exacerbation management and RPM processes by
improving devices, balancing objective data with
patient-reported symptoms, strengthening communication
between patients and HCPs, and ensuring inclusivity by
involving key stakeholders throughout the cocreation process
starting from the initial phase.

Acknowledgments
First and foremost, the authors would like to express their gratitude to all the participants in this study, including the patients,
health care professionals, informal care giver, and policy adviser. Furthermore, a special thanks to the employees of the Dutch
Lung Health Organization for their support in recruiting patients with chronic obstructive pulmonary disease for the interviews.
A special thank you goes to Nicole Horsman, who coordinates the Dutch Lung Health Organization sessions in Utrecht and
organized the coanalysis focus group. The authors also extend their thanks to Piet van Eck, Gert Otter, Michelle de La Roij, and
Fleur Heijermans for their participation in the project group meeting. In addition, they appreciate the administrator of the Lung
Patients Facebook group for their trust and posting the recruitment flyer within the group. Furthermore, they would like to thank
their partners in the Breath-Sense consortium for their participation and contributions. This publication is part of the Breath-Sense
project, which has received funding from the European Union’s Horizon Europe European Innovation Council research and
innovation program under grant 101115028. Finally, we acknowledge that ChatGPT was used to improve the grammar of this
paper.

Data Availability
The datasets generated or analyzed during this study are not publicly available due to the fact that the participants did not consent
to share the data with people and parties other than the researchers but are available from the corresponding author on reasonable
request, 5 years after publication. The prerequisite is a data transfer agreement, approved by the legal department of the requesting
researcher and the legal department of Leiden University Medical Center.

Disclaimer
The content of this publication does not necessarily reflect the official opinion of the European Union. Responsibility for the
information and views expressed in the publication lies entirely with the authors.

Authors' Contributions
JJA and MJK contributed to funding acquisition, conceptualization, methodology, data gathering and analysis, and reviewing the
manuscript. AM contributed to the conceptualization, methodology, data gathering and analysis, transcribing, draft preparation,
and editing the manuscript. EB contributed to data gathering and analysis, transcribing, and reviewing the manuscript. NHC
contributed to funding acquisition and reviewing the manuscript.

Conflicts of Interest
None declared.

J Med Internet Res 2025 | vol. 27 | e67666 | p. 13https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 1
Interview guide for health care professionals—contextual inquiry.
[DOCX File , 24 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Interview guide for patients with remote patient monitoring experience—contextual inquiry.
[DOCX File , 26 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Interview guide for patients without remote patient monitoring experience—contextual inquiry.
[DOCX File , 25 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Themes and codes overview—contextual inquiry.
[DOCX File , 22 KB-Multimedia Appendix 4]

References

1. Agustí A, Celli BR, Criner GJ, Halpin D, Anzueto A, Barnes P, et al. Global initiative for chronic obstructive lung disease
2023 report: GOLD executive summary. Eur Respir J. Apr 2023;61(4):2300239. [FREE Full text] [doi:
10.1183/13993003.00239-2023] [Medline: 36858443]

2. Chen S, Kuhn M, Prettner K, Yu F, Yang T, Bärnighausen T, et al. The global economic burden of chronic obstructive
pulmonary disease for 204 countries and territories in 2020-50: a health-augmented macroeconomic modelling study. Lancet
Glob Health. Aug 2023;11(8):e1183-e1193. [FREE Full text] [doi: 10.1016/S2214-109X(23)00217-6] [Medline: 37474226]

3. Monteagudo M, Rodríguez-Blanco T, Llagostera M, Valero C, Bayona X, Ferrer M, et al. Factors associated with changes
in quality of life of COPD patients: a prospective study in primary care. Respir Med. Oct 2013;107(10):1589-1597. [FREE
Full text] [doi: 10.1016/j.rmed.2013.05.009] [Medline: 23786889]

4. Miravitlles M, Ribera A. Understanding the impact of symptoms on the burden of COPD. Respir Res. Apr 21, 2017;18(1):67.
[FREE Full text] [doi: 10.1186/s12931-017-0548-3] [Medline: 28431503]

5. Aaron SD, Donaldson GC, Whitmore GA, Hurst JR, Ramsay T, Wedzicha JA. Time course and pattern of COPD exacerbation
onset. Thorax. Mar 2012;67(3):238-243. [doi: 10.1136/thoraxjnl-2011-200768] [Medline: 22008189]

6. Hurst JR, Vestbo J, Anzueto A, Locantore N, Müllerova H, Tal-Singer R, et al. Susceptibility to exacerbation in chronic
obstructive pulmonary disease. N Engl J Med. Sep 16, 2010;363(12):1128-1138. [FREE Full text] [doi:
10.1056/NEJMoa0909883] [Medline: 20843247]

7. Whittaker H, Rubino A, Müllerová H, Morris T, Varghese P, Xu Y, et al. Frequency and severity of exacerbations of COPD
associated with future risk of exacerbations and mortality: a UK routine health care data study. Int J Chron Obstruct Pulmon
Dis. 2022;17:427-437. [FREE Full text] [doi: 10.2147/COPD.S346591] [Medline: 35264849]

8. Rapport zorg bij copd-longaanvallen - analyse NZa/ LAN 2024. Nederlandse Zorgautoriteit. 2024. URL: https://puc.
overheid.nl/nza/doc/PUC_758052_22/ [accessed 2024-10-03]

9. Hurst JR, Han MK, Singh B, Sharma S, Kaur G, de Nigris E, et al. Prognostic risk factors for moderate-to-severe exacerbations
in patients with chronic obstructive pulmonary disease: a systematic literature review. Respir Res. Aug 23, 2022;23(1):213.
[FREE Full text] [doi: 10.1186/s12931-022-02123-5] [Medline: 35999538]

10. Suissa S, Dell'Aniello S, Ernst P. Long-term natural history of chronic obstructive pulmonary disease: severe exacerbations
and mortality. Thorax. Nov 2012;67(11):957-963. [FREE Full text] [doi: 10.1136/thoraxjnl-2011-201518] [Medline:
22684094]

11. Pasquale MK, Sun SX, Song F, Hartnett HJ, Stemkowski SA. Impact of exacerbations on health care cost and resource
utilization in chronic obstructive pulmonary disease patients with chronic bronchitis from a predominantly Medicare
population. Int J Chron Obstruct Pulmon Dis. 2012;7:757-764. [FREE Full text] [doi: 10.2147/COPD.S36997] [Medline:
23152680]

12. Chandra D, Tsai CL, Camargo CAJ. Acute exacerbations of COPD: delay in presentation and the risk of hospitalization.
COPD. Apr 2009;6(2):95-103. [FREE Full text] [doi: 10.1080/15412550902751746] [Medline: 19378222]

13. Halpin DM, Miravitlles M, Metzdorf N, Celli B. Impact and prevention of severe exacerbations of COPD: a review of the
evidence. Int J Chron Obstruct Pulmon Dis. 2017;12:2891-2908. [FREE Full text] [doi: 10.2147/COPD.S139470] [Medline:
29062228]

14. Hurst JR, Skolnik N, Hansen GJ, Anzueto A, Donaldson GC, Dransfield MT, et al. Understanding the impact of chronic
obstructive pulmonary disease exacerbations on patient health and quality of life. Eur J Intern Med. Mar 2020;73:1-6.
[FREE Full text] [doi: 10.1016/j.ejim.2019.12.014] [Medline: 31954592]

J Med Internet Res 2025 | vol. 27 | e67666 | p. 14https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app1.docx&filename=932de20a35926761abb01436e0a2bd3a.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app1.docx&filename=932de20a35926761abb01436e0a2bd3a.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app2.docx&filename=c2a15fb18d23361000126a01e56f5ea8.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app2.docx&filename=c2a15fb18d23361000126a01e56f5ea8.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app3.docx&filename=2d6c106cb4da94c9fd5a90bd3dee4ca5.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app3.docx&filename=2d6c106cb4da94c9fd5a90bd3dee4ca5.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app4.docx&filename=12caed41adb641c911774666c0aacca7.docx
https://jmir.org/api/download?alt_name=jmir_v27i1e67666_app4.docx&filename=12caed41adb641c911774666c0aacca7.docx
https://publications.ersnet.org/lookup/pmidlookup?view=long&pmid=36858443
http://dx.doi.org/10.1183/13993003.00239-2023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36858443&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-109X(23)00217-6
http://dx.doi.org/10.1016/S2214-109X(23)00217-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37474226&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(13)00183-2
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(13)00183-2
http://dx.doi.org/10.1016/j.rmed.2013.05.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23786889&dopt=Abstract
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-017-0548-3
http://dx.doi.org/10.1186/s12931-017-0548-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28431503&dopt=Abstract
http://dx.doi.org/10.1136/thoraxjnl-2011-200768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22008189&dopt=Abstract
http://hdl.handle.net/2445/46327
http://dx.doi.org/10.1056/NEJMoa0909883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20843247&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/COPD.S346591?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S346591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35264849&dopt=Abstract
https://puc.overheid.nl/nza/doc/PUC_758052_22/
https://puc.overheid.nl/nza/doc/PUC_758052_22/
https://respiratory-research.biomedcentral.com/articles/10.1186/s12931-022-02123-5
http://dx.doi.org/10.1186/s12931-022-02123-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35999538&dopt=Abstract
http://thorax.bmj.com/lookup/pmidlookup?view=long&pmid=22684094
http://dx.doi.org/10.1136/thoraxjnl-2011-201518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22684094&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/COPD.S36997?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S36997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23152680&dopt=Abstract
https://www.tandfonline.com/doi/10.1080/15412550902751746?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/15412550902751746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19378222&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/COPD.S139470?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S139470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29062228&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0953-6205(19)30443-1
http://dx.doi.org/10.1016/j.ejim.2019.12.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31954592&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Korpershoek Y, Vervoort S, Nijssen L, Trappenburg J, Schuurmans MJ. Factors influencing exacerbation-related
self-management in patients with COPD: a qualitative study. Int J Chron Obstruct Pulmon Dis. 2016;11:2977-2990. [FREE
Full text] [doi: 10.2147/COPD.S116196] [Medline: 27932877]

16. van Buul AR, Derksen C, Hoedemaker O, van Dijk O, Chavannes NH, Kasteleyn MJ. eHealth program to reduce
hospitalizations due to acute exacerbation of chronic obstructive pulmonary disease: retrospective study. JMIR Form Res.
Mar 18, 2021;5(3):e24726. [FREE Full text] [doi: 10.2196/24726] [Medline: 33734091]

17. Fan KG, Mandel J, Agnihotri P, Tai-Seale M. Remote patient monitoring technologies for predicting chronic obstructive
pulmonary disease exacerbations: review and comparison. JMIR Mhealth Uhealth. May 21, 2020;8(5):e16147. [FREE Full
text] [doi: 10.2196/16147] [Medline: 32348262]

18. Hallensleben C, Meijer E, Biewenga J, Kievits-Smeets RM, Veltman M, Song X, et al. REducing Delay through edUcation
on eXacerbations (REDUX) in patients with COPD: a pilot study. Clin eHealth. 2020;3:63-68. [doi:
10.1016/j.ceh.2020.07.001]

19. Schrijver J, Effing T, Brusse-Keizer M, van der Palen J, van der Valk P, Lenferink A. Facilitators and barriers of adherence
to multi-disease exacerbation action plans in COPD patients - a qualitative study. COPD. Dec 2023;20(1):262-273. [FREE
Full text] [doi: 10.1080/15412555.2023.2240408] [Medline: 37503723]

20. Nagase FI, Stafinski T, Avdagovska M, Stickland MK, Etruw EM, Menon D. Effectiveness of remote home monitoring
for patients with Chronic Obstructive Pulmonary Disease (COPD): systematic review. BMC Health Serv Res. May 14,
2022;22(1):646. [FREE Full text] [doi: 10.1186/s12913-022-07938-y] [Medline: 35568904]

21. Stergiopoulos GM, Elayadi AN, Chen ES, Galiatsatos P. The effect of telemedicine employing telemonitoring instruments
on readmissions of patients with heart failure and/or COPD: a systematic review. Front Digit Health. Sep 25, 2024;6:1441334.
[FREE Full text] [doi: 10.3389/fdgth.2024.1441334] [Medline: 39386390]

22. van der Burg JM, Aziz NA, Kaptein MC, Breteler MJ, Janssen JH, van Vliet L, et al. Long-term effects of telemonitoring
on healthcare usage in patients with heart failure or COPD. Clin eHealth. 2020;3:40-48. [doi: 10.1016/j.ceh.2020.05.001]

23. Coutu FA, Iorio OC, Ross BA. Remote patient monitoring strategies and wearable technology in chronic obstructive
pulmonary disease. Front Med (Lausanne). 2023;10:1236598. [FREE Full text] [doi: 10.3389/fmed.2023.1236598] [Medline:
37663662]

24. Pépin JL, Degano B, Tamisier R, Viglino D. Remote monitoring for prediction and management of Acute Exacerbations
in Chronic Obstructive Pulmonary Disease (AECOPD). Life (Basel). Mar 29, 2022;12(4):499. [FREE Full text] [doi:
10.3390/life12040499] [Medline: 35454991]

25. Korpershoek YJ, Vervoort SC, Trappenburg JC, Schuurmans MJ. Perceptions of patients with chronic obstructive pulmonary
disease and their health care providers towards using mHealth for self-management of exacerbations: a qualitative study.
BMC Health Serv Res. Oct 04, 2018;18(1):757. [FREE Full text] [doi: 10.1186/s12913-018-3545-4] [Medline: 30286761]

26. Hailu R, Sousa J, Tang M, Mehrotra A, Uscher-Pines L. Challenges and facilitators in implementing remote patient
monitoring programs in primary care. J Gen Intern Med. Oct 23, 2024;39(13):2471-2477. [doi: 10.1007/s11606-023-08557-x]
[Medline: 38653884]

27. Wilde LJ, Percy C, Clark C, Ward G, Wark PA, Sewell L. Views and experiences of healthcare practitioners supporting
people with COPD who have used activity monitors: "more than just steps". Respir Med. Nov 2023;218:107395. [FREE
Full text] [doi: 10.1016/j.rmed.2023.107395] [Medline: 37633422]

28. Bischoff EW, Hamd DH, Sedeno M, Benedetti A, Schermer TR, Bernard S, et al. Effects of written action plan adherence
on COPD exacerbation recovery. Thorax. Jan 2011;66(1):26-31. [doi: 10.1136/thx.2009.127621] [Medline: 21037270]

29. RespiQ homepage. RespiQ. URL: https://respiq.com/ [accessed 2024-04-01]
30. Poberezhets V, Kasteleyn MJ. Telemedicine and home monitoring for COPD - a narrative review of recent literature. Curr

Opin Pulm Med. Jul 01, 2023;29(4):259-269. [doi: 10.1097/MCP.0000000000000969] [Medline: 37140553]
31. Vargas C, Whelan J, Brimblecombe J, Allender S. Co-creation, co-design, co-production for public health - a perspective

on definition and distinctions. Public Health Res Pract. Jun 15, 2022;32(2):3222211. [FREE Full text] [doi:
10.17061/phrp3222211] [Medline: 35702744]

32. Leask CF, Sandlund M, Skelton DA, Altenburg TM, Cardon G, Chinapaw MJ, et al. Framework, principles and
recommendations for utilising participatory methodologies in the co-creation and evaluation of public health interventions.
Res Involv Engagem. 2019;5:2. [FREE Full text] [doi: 10.1186/s40900-018-0136-9] [Medline: 30652027]

33. van Gemert-Pijnen JE, Nijland N, van Limburg M, Ossebaard HC, Kelders SM, Eysenbach G, et al. A holistic framework
to improve the uptake and impact of eHealth technologies. J Med Internet Res. Dec 05, 2011;13(4):e111. [FREE Full text]
[doi: 10.2196/jmir.1672] [Medline: 22155738]

34. Jamshed S. Qualitative research method-interviewing and observation. J Basic Clin Pharm. Sep 2014;5(4):87-88. [FREE
Full text] [doi: 10.4103/0976-0105.141942] [Medline: 25316987]

35. Caron-Flinterman JF, Broerse JE, Bunders JF. The experiential knowledge of patients: a new resource for biomedical
research? Soc Sci Med. Jun 2005;60(11):2575-2584. [doi: 10.1016/j.socscimed.2004.11.023] [Medline: 15814182]

36. Cowley A, Kerr M, Darby J, Logan P. Reflections on qualitative data analysis training for PPI partners and its implementation
into practice. Res Involv Engagem. 2019;5:22. [FREE Full text] [doi: 10.1186/s40900-019-0156-0] [Medline: 31428457]

J Med Internet Res 2025 | vol. 27 | e67666 | p. 15https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.tandfonline.com/doi/abs/10.2147/COPD.S116196?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/abs/10.2147/COPD.S116196?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S116196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27932877&dopt=Abstract
https://formative.jmir.org/2021/3/e24726/
http://dx.doi.org/10.2196/24726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33734091&dopt=Abstract
https://mhealth.jmir.org/2020/5/e16147/
https://mhealth.jmir.org/2020/5/e16147/
http://dx.doi.org/10.2196/16147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348262&dopt=Abstract
http://dx.doi.org/10.1016/j.ceh.2020.07.001
https://www.tandfonline.com/doi/10.1080/15412555.2023.2240408?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.1080/15412555.2023.2240408?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1080/15412555.2023.2240408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37503723&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-022-07938-y
http://dx.doi.org/10.1186/s12913-022-07938-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35568904&dopt=Abstract
https://doi.org/10.3389/fdgth.2024.1441334
http://dx.doi.org/10.3389/fdgth.2024.1441334
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39386390&dopt=Abstract
http://dx.doi.org/10.1016/j.ceh.2020.05.001
https://europepmc.org/abstract/MED/37663662
http://dx.doi.org/10.3389/fmed.2023.1236598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37663662&dopt=Abstract
https://www.mdpi.com/resolver?pii=life12040499
http://dx.doi.org/10.3390/life12040499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35454991&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3545-4
http://dx.doi.org/10.1186/s12913-018-3545-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30286761&dopt=Abstract
http://dx.doi.org/10.1007/s11606-023-08557-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38653884&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(23)00283-4
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(23)00283-4
http://dx.doi.org/10.1016/j.rmed.2023.107395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37633422&dopt=Abstract
http://dx.doi.org/10.1136/thx.2009.127621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21037270&dopt=Abstract
https://respiq.com/
http://dx.doi.org/10.1097/MCP.0000000000000969
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37140553&dopt=Abstract
https://doi.org/10.17061/phrp3222211
http://dx.doi.org/10.17061/phrp3222211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35702744&dopt=Abstract
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-018-0136-9
http://dx.doi.org/10.1186/s40900-018-0136-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30652027&dopt=Abstract
https://www.jmir.org/2011/4/e111/
http://dx.doi.org/10.2196/jmir.1672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22155738&dopt=Abstract
http://www.jbclinpharm.org/article.asp?issn=0976-0105;year=2014;volume=5;issue=4;spage=87;epage=88;aulast=Jamshed
http://www.jbclinpharm.org/article.asp?issn=0976-0105;year=2014;volume=5;issue=4;spage=87;epage=88;aulast=Jamshed
http://dx.doi.org/10.4103/0976-0105.141942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25316987&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2004.11.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15814182&dopt=Abstract
https://researchinvolvement.biomedcentral.com/articles/10.1186/s40900-019-0156-0
http://dx.doi.org/10.1186/s40900-019-0156-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31428457&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


37. Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K. Purposeful sampling for qualitative data collection
and analysis in mixed method implementation research. Adm Policy Ment Health. Sep 2015;42(5):533-544. [FREE Full
text] [doi: 10.1007/s10488-013-0528-y] [Medline: 24193818]

38. Extramuraal LUMC Academisch Netwerk (ELAN). Leids Universitair Medisch Centrum. URL: https://www.lumc.nl/
over-het-lumc/partners/elan/ [accessed 2024-10-03]

39. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. Jan 2006;3(2):77-101. [doi:
10.1191/1478088706qp063oa]

40. Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med Res Methodol. Sep 18, 2013;13:117. [FREE Full text] [doi:
10.1186/1471-2288-13-117] [Medline: 24047204]

41. Olson JD, McAllister C, Grinnell LD, Gehrke Walters K, Appunn F. Applying constant comparative method with multiple
investigators and inter-coder reliability. Qual Report. Jan 4, 2016;21(1):26-42. [doi: 10.46743/2160-3715/2016.2447]

42. Jarab A, Alefishat E, Mukattash T, Alzoubi K, Pinto S. Patients' perspective of the impact of COPD on quality of life: a
focus group study for patients with COPD. Int J Clin Pharm. Jun 2018;40(3):573-579. [doi: 10.1007/s11096-018-0614-z]
[Medline: 29542033]

43. Eisner MD, Blanc PD, Yelin EH, Katz PP, Sanchez G, Iribarren C, et al. Influence of anxiety on health outcomes in COPD.
Thorax. Mar 2010;65(3):229-234. [FREE Full text] [doi: 10.1136/thx.2009.126201] [Medline: 20335292]

44. Titmarsh S, Poliziani M, Russell RE. "Breathing new life into chronic obstructive pulmonary disease (COPD)" - results
from an online survey of UK patients. Int J Chron Obstruct Pulmon Dis. 2019;14:2799-2807. [FREE Full text] [doi:
10.2147/COPD.S222139] [Medline: 31824144]

45. Hayes S, Smyth K, Coleiro M. P211 COPD patients’ perspectives on their care. Thorax. 2023;78:A238-A239. [FREE Full
text] [doi: 10.1136/thorax-2023-btsabstracts.361]

46. Gardiner C, Gott M, Payne S, Small N, Barnes S, Halpin D, et al. Exploring the care needs of patients with advanced COPD:
an overview of the literature. Respir Med. Feb 2010;104(2):159-165. [FREE Full text] [doi: 10.1016/j.rmed.2009.09.007]
[Medline: 19818590]

47. Muijsenberg AJ, Haesevoets S, Houben-Wilke S, Tatousek J, Lacroix J, Spruit MA, et al. Motivation and preferences for
learning of patients with COPD or asthma and their significant others in pulmonary rehabilitation: a qualitative study. ERJ
Open Res. May 2024;10(3):01021-02023. [FREE Full text] [doi: 10.1183/23120541.01021-2023] [Medline: 38887681]

48. Philip K, Gaduzo S, Rogers J, Laffan M, Hopkinson NS. Patient experience of COPD care: outcomes from the British Lung
Foundation Patient Passport. BMJ Open Respir Res. 2019;6(1):e000478. [FREE Full text] [doi:
10.1136/bmjresp-2019-000478] [Medline: 31673369]

49. Santana MJ, Manalili K, Jolley RJ, Zelinsky S, Quan H, Lu M. How to practice person-centred care: a conceptual framework.
Health Expect. Apr 2018;21(2):429-440. [FREE Full text] [doi: 10.1111/hex.12640] [Medline: 29151269]

50. Borge CR, Larsen MH, Osborne RH, Engebretsen E, Andersen MH, Holter IA, et al. Exploring patients' and health
professionals' perspectives on health literacy needs in the context of chronic obstructive pulmonary disease. Chronic Illn.
Sep 2022;18(3):549-561. [doi: 10.1177/1742395321999441] [Medline: 33705224]

51. van de Vijver S, Tensen P, Asiki G, Requena-Méndez A, Heidenrijk M, Stronks K, et al. Digital health for all: how digital
health could reduce inequality and increase universal health coverage. Digit Health. 2023;9:20552076231185434. [FREE
Full text] [doi: 10.1177/20552076231185434] [Medline: 37434727]

52. Debeij SM, Aardoom JJ, Haaksma ML, Stoop WA, van Dam van Isselt EF, Kasteleyn MJ. The potential use and value of
a wearable monitoring bracelet for patients with chronic obstructive pulmonary disease: qualitative study investigating the
patient and health care professional perspectives. JMIR Form Res. Sep 13, 2024;8:e57108. [FREE Full text] [doi:
10.2196/57108] [Medline: 39270210]

53. Thomas EE, Taylor ML, Banbury A, Snoswell CL, Haydon HM, Gallegos Rejas VM, et al. Factors influencing the
effectiveness of remote patient monitoring interventions: a realist review. BMJ Open. Aug 25, 2021;11(8):e051844. [FREE
Full text] [doi: 10.1136/bmjopen-2021-051844] [Medline: 34433611]

54. Gee PM, Greenwood DA, Paterniti DA, Ward D, Miller LM. The eHealth Enhanced Chronic Care Model: a theory derivation
approach. J Med Internet Res. Apr 01, 2015;17(4):e86. [FREE Full text] [doi: 10.2196/jmir.4067] [Medline: 25842005]

55. Althobiani MA, Khan B, Shah AJ, Ranjan Y, Mendes RG, Folarin A, et al. Clinicians’ perspectives of wearable technology
to detect and monitor exacerbations of chronic obstructive pulmonary disease: mixed-method survey. Int J Chronic Obstr
Pulm Dis. Jul 2023;Volume 18:1401-1412. [doi: 10.2147/copd.s405386]

56. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Q. 2003;27(3):425-478. [doi: 10.2307/30036540]

57. Kip H, Beerlage-de Jong N, van Gemert-Pijnen LJ, Kelders SM. The CeHRes roadmap 2.0: update of a holistic framework
for development, implementation, and evaluation of eHealth technologies. J Med Internet Res. Jan 13, 2025;27:e59601.
[FREE Full text] [doi: 10.2196/59601] [Medline: 39805104]

58. Williams V, Hardinge M, Ryan S, Farmer A. Patients' experience of identifying and managing exacerbations in COPD: a
qualitative study. NPJ Prim Care Respir Med. Sep 18, 2014;24:14062. [FREE Full text] [doi: 10.1038/npjpcrm.2014.62]
[Medline: 25372181]

J Med Internet Res 2025 | vol. 27 | e67666 | p. 16https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/24193818
https://europepmc.org/abstract/MED/24193818
http://dx.doi.org/10.1007/s10488-013-0528-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24193818&dopt=Abstract
https://www.lumc.nl/over-het-lumc/partners/elan/
https://www.lumc.nl/over-het-lumc/partners/elan/
http://dx.doi.org/10.1191/1478088706qp063oa
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-117
http://dx.doi.org/10.1186/1471-2288-13-117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24047204&dopt=Abstract
http://dx.doi.org/10.46743/2160-3715/2016.2447
http://dx.doi.org/10.1007/s11096-018-0614-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29542033&dopt=Abstract
https://europepmc.org/abstract/MED/20335292
http://dx.doi.org/10.1136/thx.2009.126201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20335292&dopt=Abstract
https://europepmc.org/abstract/MED/31824144
http://dx.doi.org/10.2147/COPD.S222139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31824144&dopt=Abstract
https://thorax.bmj.com/content/78/Suppl_4/A238.2.info
https://thorax.bmj.com/content/78/Suppl_4/A238.2.info
http://dx.doi.org/10.1136/thorax-2023-btsabstracts.361
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(09)00305-9
http://dx.doi.org/10.1016/j.rmed.2009.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19818590&dopt=Abstract
https://europepmc.org/abstract/MED/38887681
http://dx.doi.org/10.1183/23120541.01021-2023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38887681&dopt=Abstract
https://bmjopenrespres.bmj.com/lookup/pmidlookup?view=long&pmid=31673369
http://dx.doi.org/10.1136/bmjresp-2019-000478
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31673369&dopt=Abstract
https://europepmc.org/abstract/MED/29151269
http://dx.doi.org/10.1111/hex.12640
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29151269&dopt=Abstract
http://dx.doi.org/10.1177/1742395321999441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33705224&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076231185434?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/20552076231185434?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076231185434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37434727&dopt=Abstract
https://formative.jmir.org/2024//e57108/
http://dx.doi.org/10.2196/57108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39270210&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34433611
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34433611
http://dx.doi.org/10.1136/bmjopen-2021-051844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34433611&dopt=Abstract
https://www.jmir.org/2015/4/e86/
http://dx.doi.org/10.2196/jmir.4067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25842005&dopt=Abstract
http://dx.doi.org/10.2147/copd.s405386
http://dx.doi.org/10.2307/30036540
https://www.jmir.org/2025//e59601/
http://dx.doi.org/10.2196/59601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39805104&dopt=Abstract
https://doi.org/10.1038/npjpcrm.2014.62
http://dx.doi.org/10.1038/npjpcrm.2014.62
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25372181&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


59. Lopez-Campos JL, Calero C, Quintana-Gallego E. Symptom variability in COPD: a narrative review. Int J Chron Obstruct
Pulmon Dis. 2013;8:231-238. [FREE Full text] [doi: 10.2147/COPD.S42866] [Medline: 23687444]

60. Cooper CB, Sirichana W, Arnold MT, Neufeld EV, Taylor M, Wang X, et al. Remote patient monitoring for the detection
of COPD exacerbations. Int J Chron Obstruct Pulmon Dis. 2020;15:2005-2013. [FREE Full text] [doi:
10.2147/COPD.S256907] [Medline: 33061338]

61. Noah B, Keller MS, Mosadeghi S, Stein L, Johl S, Delshad S, et al. Impact of remote patient monitoring on clinical outcomes:
an updated meta-analysis of randomized controlled trials. NPJ Digit Med. 2018;1:20172. [FREE Full text] [doi:
10.1038/s41746-017-0002-4] [Medline: 31304346]

62. Khor YH, Poberezhets V, Buhr RG, Chalmers JD, Choi H, Fan VS, et al. Assessment of home-based monitoring in adults
with chronic lung disease: an official American Thoracic Society research statement. Am J Respir Crit Care Med. Feb
2025;211(2):174-193. [FREE Full text] [doi: 10.1164/rccm.202410-2080ST] [Medline: 39585746]

63. Shah SG, Robinson I, AlShawi S. Developing medical device technologies from users' perspectives: a theoretical framework
for involving users in the development process. Int J Technol Assess Health Care. Oct 2009;25(4):514-521. [doi:
10.1017/S0266462309990328] [Medline: 19845981]

64. Loignon C, Dupéré S, Fortin M, Ramsden VR, Truchon K. Health literacy - engaging the community in the co-creation of
meaningful health navigation services: a study protocol. BMC Health Serv Res. Jun 28, 2018;18(1):505. [FREE Full text]
[doi: 10.1186/s12913-018-3315-3] [Medline: 29954407]

Abbreviations
CeHRes: Center for eHealth Research and Disease Management
COPD: chronic obstructive pulmonary disease
GP: general practitioner
HCP: health care professional
NP: nurse practitioner
NS: nurse specialist
QoL: quality of life
RPM: remote patient monitoring
UTAUT: unified theory of acceptance and use of technology
WMO: Dutch Medical Research Involving Human Subjects Act

Edited by J Sarvestan; submitted 17.10.24; peer-reviewed by J Edwards, K Wadell; comments to author 21.12.24; revised version
received 27.01.25; accepted 21.03.25; published 26.05.25

Please cite as:
Mahboubian A, Kasteleyn MJ, Bašić E, Chavannes NH, Aardoom JJ
Patients’ and Health Care Professionals’ Perspectives on Remote Patient Monitoring in Chronic Obstructive Pulmonary Disease
Exacerbation Management: Initiating Cocreation
J Med Internet Res 2025;27:e67666
URL: https://www.jmir.org/2025/1/e67666
doi: 10.2196/67666
PMID:

©Atena Mahboubian, Marise J Kasteleyn, Enna Bašić, Niels H Chavannes, Jiska J Aardoom. Originally published in the Journal
of Medical Internet Research (https://www.jmir.org), 26.05.2025. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the original publication on
https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2025 | vol. 27 | e67666 | p. 17https://www.jmir.org/2025/1/e67666
(page number not for citation purposes)

Mahboubian et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.tandfonline.com/doi/abs/10.2147/COPD.S42866?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S42866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23687444&dopt=Abstract
https://www.tandfonline.com/doi/abs/10.2147/COPD.S256907?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.2147/COPD.S256907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33061338&dopt=Abstract
https://doi.org/10.1038/s41746-017-0002-4
http://dx.doi.org/10.1038/s41746-017-0002-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304346&dopt=Abstract
https://escholarship.org/uc/item/qt3jh2t2dw
http://dx.doi.org/10.1164/rccm.202410-2080ST
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39585746&dopt=Abstract
http://dx.doi.org/10.1017/S0266462309990328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19845981&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-018-3315-3
http://dx.doi.org/10.1186/s12913-018-3315-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29954407&dopt=Abstract
https://www.jmir.org/2025/1/e67666
http://dx.doi.org/10.2196/67666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

