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Background: Lack of routines and competence among healthcare professionals have been reported as barriers to COPD management
in long-term care. Online education could be used as a strategy to make COPD education more accessible.
Purpose: The aim of this study was to evaluate a digital COPD education program for healthcare professionals in long-term care
regarding feasibility, knowledge and working procedures.
Methods: A randomized controlled feasibility trial with a convergent mixed methods design was conducted. Two municipalities in
Sweden were randomized to intervention (n=20) or control (n=17). The intervention was a digital COPD education program accessible
for three months. Data was collected through questionnaires on COPD-specific knowledge, conceptual knowledge, feasibility and
usage of the COPD Web platform. Repeated individual interviews using a semi-structured interview guide was also performed.
Quantitative and qualitative findings were merged using a mixed methods design.
Results: The digital COPD education program appears feasible based on the expressed satisfaction of the healthcare workers and their
reports that it supported them in their work. Across questionnaires, objective COPD-specific knowledge increased by 14 to
16 percentage points in the intervention group compared to 0 to 6 percentage points in the control group (p=0.001). The objective
increase in COPD-specific knowledge was also captured in the interviews, where a perceived increase in knowledge led to increased
security and focus on COPD management. Few changes in working procedures were expressed, but participants felt that attention was
raised regarding COPD and the importance of preventive healthcare services. In addition, increased knowledge of healthcare services
provided by other involved professions was emphasized, leading to discussions with other professions in relation to COPD
management.
Conclusion: A digital COPD education program is feasible and can increase the COPD-specific knowledge of healthcare profes-
sionals in long-term care, leading to increased focus on COPD-related issues. More comprehensive measures, including organizational
changes, might be needed to change working procedures.
Keywords: e-health, feasibility, work task, qualitative longitudinal research, questionnaire

Introduction
People with chronic obstructive pulmonary disease (COPD), who are no longer able to live independently, often need
long-term care. Such care can be provided in private residential homes or nursing homes.1 Several insufficiencies have
however been found in the management of people with COPD in long-term care. Some of the barriers to providing
sufficient care include a lack of routines and competence among the healthcare professionals.1–4 In an official policy
statement from the American Thoracic and European Respiratory Societies in 2015, it was recommended that healthcare
professionals should receive additional education in evidence-based guidelines to improve standards.5 Education
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programs are therefore considered crucial in increasing the competence of healthcare professionals and the organization
of their working procedures in long-term care to improve COPD management.

Education programs are rarely prioritized by the management for healthcare professionals in long-term care.2 This is
despite evidence that such programs have been shown to increase knowledge and self-efficacy of nurses in primary and
hospital care involved with COPD management.6,7 Electronic health (eHealth) offers an opportunity to facilitate the
accessibility of education for healthcare professionals.8 A digital COPD education program for healthcare professionals
in primary care was found to increase knowledge and attitudes related to COPD management.9

The effects of education programs on healthcare professionals in long-term care, their routines and working
procedures are however unknown. Increased understanding of how their knowledge and working procedures are
influenced by online education programs about COPD is specifically warranted.9

The aim of this study was therefore to evaluate the feasibility of a digital COPD education program for healthcare
professionals in long-term care, its influence on the COPD-specific knowledge and experience of the affiliated healthcare
professionals and their working procedures.

Specific research questions were:

● How do healthcare professionals use, and experience the use of, a digital COPD education program?
● Does a digital COPD education program influence the objective and subjective COPD-specific knowledge and
experiences of the affiliated healthcare professionals?

● Do healthcare professionals experience any changes in their working procedures and COPD-related healthcare
services after a digital COPD education program?

Materials and Methods
Study Design
A randomized controlled trial with a convergent mixed methods design10 was used to evaluate a digital COPD education
program among healthcare professionals working in long-term care. Quantitative and qualitative data was collected over
time and analyzed separately, but in a parallel process. Quantitative data was collected using questionnaires and user data.
Qualitative data was collected using repeated individual interviews.

Reporting procedures were in accordance with guidelines for reporting randomized controlled trials, qualitative
research, qualitative longitudinal research and mixed methods studies.11–14

Setting
This study was conducted in two municipalities in the two most northern county councils in Sweden, both with between
70,000–80,000 inhabitants. The municipalities were selected through convenience sampling. In these municipalities 82 vs
90% of the inhabitants live in the city, while 18 vs 10% live in more rural areas.15 In Sweden, healthcare services are publicly
funded. The municipalities are responsible for providing long-term care for the oldest and frailest people in the population,
who need healthcare provided at home. Municipal healthcare includes care for people both in private residential housing and
in nursing homes. Healthcare professionals within municipal healthcare includes nurses, physical therapists, occupational
therapists, and sometimes dieticians. Physicians who prescribe medical treatment are however employed in primary care, but
collaborate with healthcare professionals in long-term care, and is organized through the county councils. In addition, within
long-term care, “care staff” are responsible for the daily care of people included in municipal healthcare, and they can be
employed by home care services, at nursing homes, or in short-term residential care. They can be assistant nurses, which
requires one-year of upper secondary education, or care assistants with no education requirements.2

Recruitment and Sample
Registered healthcare professionals working in the two included municipalities were recruited for the study. Unit managers
provided names and email addresses of registered healthcare professionals working in the municipalities. To detect a mean
difference in COPD-specific knowledge on the primary outcome measure, the Bristol COPD Knowledge Questionnaire
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(BCKQ), of 8.3 ± 8.3 points as seen in a previous study conducted in a primary care setting,16 using a two-tailed test of
significance with statistical power of 80% and alpha of 0.05, the required sample size of healthcare professionals was
estimated to be 16. With an estimated dropout rate of 20%, we aimed to include a total of 20 healthcare professionals in
each group. Potential participants were contacted via email by the researchers and asked if they could think of any
additional colleagues interested in participating. Of the 43 invited healthcare professionals, 39 agreed to participate in the
study and completed baseline assessment. Prior to the baseline measurements, the two municipalities were randomized to
the intervention group or the control group by flipping a coin by a third party not involved in the recruitment. Twenty-one
participants were subsequently included in the intervention group and 18 in the control group. All 39 individuals received
intended interventions, but one participant in each group dropped out before follow-up tests and thus 37 individuals were
analyzed for the primary outcome (Figure 1). Measurement data were collected before and after the intervention period. In
addition, 13 participants from the intervention group were invited to participate in individual interviews before and after the
intervention period using a semi structured interview guide (Appendices 1 and 2) One participant ended their employment
in the municipality during the intervention period and one declined the second interview, resulting in eleven participants
completing both interviews.

Intervention
The intervention was a digital COPD education program adapted for healthcare professionals in municipal healthcare,
delivered through the interactive web-based platform the COPD Web. The digital COPD education program builds on
current national and international COPD treatment guidelines.17,18 The COPD web is an interactive website intended for
healthcare professionals and people with COPD.19 The website was first developed in a co-creative process which
included people with COPD and healthcare professionals in primary care and the content is based on research evidence
and national treatment guidelines.20 The content on the website was later restructured and packaged into a digital COPD
education program based on the needs expressed in interviews with healthcare professionals in municipal healthcare,2

Assessed for eligibility (n = 43)

Excluded (n = 4)
• Did not meet inclusion criteria (n = 2)
• Declined to participate (n = 2)

Randomized
(n = 2 municipalities;

39 participants*)

Allocated to control group (n = 18)
• Received allocated intervention (n = 18)
• Did not receive allocated intervention (n = 0)

Allocated to intervention group (n = 21)
• Received allocated intervention (n = 21)
• Did not receive allocated intervention (n = 0)

Analyzed (n = 20)
• Excluded from analyses (dropout) (n = 1)

Lost to follow-up (dropout) (n = 1)

Analyzed (n = 17)
• Excluded from analyses (dropout) (n = 1)

Lost to follow-up (dropout) (n = 1)

Enrollment

Allocation

Follow-Up

Analyses

Figure 1 Flow chart illustrating the recruitment process in the quantitative component of the randomized controlled trial.
Note: *The two municipalities where the participants worked were randomized to the intervention group or control group.
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national guidelines17 and the BCKQ. The digital program consisted of six modules with different themes (Table 1) and
a set of questions about their content. As an introduction to the digital COPD education program, the participants
received an email containing information about the content of the modules, that the modules were expected to take
approximately 20–30 minutes to complete and some practical information. They also received a computer tablet with
internet access up to 10 GB per month. The digital program was available to the intervention group for 12 weeks and the
participants received email reminders to take part every two weeks.

Control
The control group did not receive any intervention but they were informed that they would receive access to the digital
COPD education program after the end of the intervention period.

Data Collection
The data collection lasted from January 2018 to May 2018. Data for the quantitative component was collected using
questionnaires. The questionnaires were distributed to the participants at baseline and after the 12-week intervention.

COPD-specific knowledge was measured using the BCKQ, which includes 65 items divided into 13 topics.21 For this
study, 25 items divided into five topics (Appendix 1) were added to the BCKQ. These items covered recommendations
from the national treatment guidelines provided by the Swedish National Board of Health and Welfare in 2015.17 The
BCKQ was translated to Swedish by one of the authors, and was – together with the new items – tested for face validity
by two COPD nurses in specialty care.

The questionnaire Conceptual knowledge use, previously used by healthcare professionals in Swedish primary care,22

was also used in this study to assess attitudes, knowledge and whether it was considered part of their role to deliver
evidence-based healthcare services to people with COPD.

Data on usage of the platform was collected through a standardized questionnaire in which participants noted the time
spent on each module in minutes. In addition, the importance of the six modules in their work with people with COPD
were ranked from 1–6 (1 = most important).

Ten statements from the questionnaire Task-technology measures23 were used to assess the feasibility of the COPD
web and how it could support the participants in their work tasks. The statements were adapted to fit the context of the
study. Statements related to “information” were used to assess if the COPD web supported the participants in their
work tasks, while statements related to “assessing feasibility” focused on detecting possible issues related to access
and learnability of the website. The participants rated their concurrence with the statements on a Likert scale from 1
to 7.

Table 1 Content of the Online COPD Education Program as Provided on the COPD Web

Module Content

1. Facts about COPD Information about causes, pathology, symptoms, diagnostics, the differences between COPD and asthma,
smoking, and smoking cessation.

2. COPD and common problems Information about breathing problems, exacerbations and related healthcare services recommended by the

national treatment guidelines.
3. COPD and common problems

(continued)

Self-management strategies, energy conservation techniques, assistive devices, breathing in cold weather, and

nutrition strategies.

4. Physical activity Information about recommended healthcare services for physical activity and exercise, including assessment of
physical capacity and effects.

5. COPD and follow-ups Information about the aim of follow-ups and recommended healthcare services during follow-ups according to

the national treatment guidelines, including interprofessional collaboration.
6. COPD and pharmacological

treatment

Information about the aims and principles for pharmacological treatment, including inhalation technique.

Abbreviation: COPD, chronic obstructive pulmonary disease.
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A qualitative longitudinal approach was used to evaluate and better understand the intervention. Qualitative longitudinal
research is particularly useful in contributing to trial development, evaluation and implementation granting possibilities to
investigate changes and processes.24,25 Individual interviews were performed with participants from the intervention group at
baseline and after the 12-week intervention. All participants in the intervention group was asked to participate in individual
interviews, 11 healthcare professionals accepted an interview at both baseline and the 12 months follow up.

All the interviews at baseline (n = 11) were conducted face-to-face by UMP and the interviews after the intervention
were conducted face-to-face (n = 8) or by telephone (n = 3) by AN and KW. The interviewers had no earlier relationship
with the participants and no additional persons were present during the interviews. The participants were aware that the
interviewers were involved in the project. The interview guide was partly based on the interview guide in a previous
study22 and covered questions about their knowledge of COPD and COPD-related healthcare services (eg How do you
experience your knowledge about COPD?) and their COPD-related working procedures (eg What healthcare services do
you provide based on your professional role?). The second interview also addressed the use and feasibility of the COPD
web (eg How did you experience the use of the COPD web and this education program?), as well as perceived changes in
knowledge and working procedures (eg Do you experience any change in your knowledge about COPD?). The inter-
views took place at the participants’ workplaces. The first interviews lasted 18–60 (median 38) minutes and the second
24–39 (median 29) minutes. All interviews were audio recorded and transcribed verbatim by a professional transcriber.

Data Analysis
The quantitative data analyses were per-protocol. First, the assumption of normality was assessed using the Shapiro–Wilk test.
Then, between-group differences were assessed using independent sample T-tests or Mann–Whitney U-tests depending on
data distribution. In addition, Pearson correlation coefficients were used to analyze the correlation between change in COPD
knowledge and baseline COPD knowledge. The strengths of the correlation coefficients were categorized as 0.1–0.3 small,
0.3–0.5 moderate, 0.5–0.7 large, 0.7–0.9 very large and 0.9–1.0 extremely large.26 No additional analyses were performed.
AN performed the majority of quantitative analysis. The software Jamovi version 1.6.7 (Jamovi, Sydney, Australia) was used
for data management and statistical analysis, and a P-value of <0.05 was considered statistically significant.

The qualitative data were analyzed using qualitative content analysis27 in a diachronic manner (all data were analyzed
after the data collection was completed).25 First, transcripts were read through and the interview text was divided into
three domains: 1) feasibility of the digital COPD education program, 2) knowledge and experience, and 3) working
procedures. The three domains were then analyzed separately, the text associated with each domain was divided in
meaning units and coded. The texts and codes of each participant were then compared over time.24,25 In this stage,
matrices with codes and interview text were constructed to visualize changes between the first and second interviews for
each participant and domain.28,29 Finally, the within-participant changes were compared across the participants, thus
enabling an interpretation of any potential changes in the domains over time. The first interview in each domain was
coded collaboratively by SL and ÅA. SL performed the qualitative analysis, but had repeated discussions with ÅA during
the emerging analysis. The participants were not asked to comment on the transcription or the analysis. The software
MAXQDA 2020 was used for the coding procedure.

A mixed methods merging of the quantitative and qualitative components for each domain was conducted when
preliminary quantitative and qualitative analyses were completed,10,30 using a weaving approach on a domain-by-domain
basis.30 First, the preliminary quantitative and qualitative analyses were divided into the three domains, compared and
discussed by SL, AN, ÅA and KW. Second, based on the discussions, SL wrote a first draft for the result section for each
domain, where the quantitative and qualitative findings were described and compared to each other. The draft was
discussed with AN and ÅA and further analyses were made. Finally, SL wrote the result section in close collaboration
with AN. They presented and discussed the results with ÅA and KW and adjusted the analyses and text until agreement.

Results
The results of the study, where the quantitative and qualitative findings are intertwine, are presented in the three
domains: 1) Feasibility of the digital COPD education program, 2) Knowledge and experience, and 3) Working
procedures. Characteristics of the participants are presented in Table 2.
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Feasibility of the Digital COPD Education Program
Figure 2 shows the intervention group’s rated experience of the support received from the COPD web. The web was
generally experienced as good support. In their first interviews, the participants expressed positive expectations and after
the digital COPD education program they particularly stated that the structure of the program was good. However,
participants also wanted more movies, pictures and recorded lectures to be combined with the text. They also described
a few technical problems.

The participants estimated that they had spent on average 26–31 minutes for each module (Table 3). However, in the
interviews the described time and frequency for using the digital COPD education program varied. The digital program
was completed on a computer and/or tablet, but it was perceived difficult to prioritize the program during the
working day because of time constraints. Several participants consequently described completing the program at home
in their spare time.

And there’s not been that much [time] because I’ve actually sat down [with the education program] when I’ve been on the bus
and, like, in my spare time. It’s been a hindrance that you should try and prioritize [the program] during your work hours and it’s
really difficult when you have lots of other things to do. (nurse, after intervention)

The two modules about COPD and common problems were rated as the most important modules (Table 3) and this was
confirmed in the interviews. The module “COPD and follow-ups” was rated as the least important (Table 3). Participants
did however state that all modules were important in order to acquire knowledge about the roles and healthcare services
for all the different professions.

And there were even parts which were maybe more intended for, like, occupational therapists and physical therapists and such,
but it’s good anyway that we get to see which part of the work that’s theirs and what they’re going to do and how they … it’s

Table 2 Characteristics of the Participants at Baseline

Intervention
(n=20)

Control
(n=17)

Int vs Con
p-value

Age (years), mean (SD) 43 (10) 45 (11) 0.384

Female sex, n (%) 17 (86%) 16 (94%) 0.389

Work experience (years), mean (SD) 13.1 (9.2) 14.1 (8.0) 0.976
Work experience in municipal healthcare (years), mean (SD) 7.7 (8.5) 6.9 (6.3) 0.483

Profession, n: -

Nurse 14 4
Occupational therapist 3 7

Physical therapist 2 6
Dietician 1 0

Estimated number of patients with COPD seen per week, n (%): 0.112

0 patients 1 (5) 5 (29)
1–2 patients 16 (80) 11 (65)

3–5 patients 3 (15) 1 (6)

Percentage of the participants that expressed that it was part of their role to offer the following
healthcare services to people with COPD, %:

Health promotion healthcare services 95 59 0.010

Tobacco prevention 50 24 0.163
Disease-specific education 85 24 <0.001

Information about COPD-related self- management 86 53 0.040

Support for physical activity/exercise training 50 47 0.845
Instructions and training in breathing techniques 50 47 0.845

Advise about nutrition and energy needs 75 29 0.014

Information about energy conservation techniques and assistive devices 65 82 0.331

Abbreviations: Con, control group; Int, intervention group; SD, standard deviation.
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really good, so that you have, like, more understanding for what everyone does. If there’s anything that you wonder about, that
you know that this is maybe your task. And then it becomes easier to work together. (nurse, after intervention)

The participants were generally satisfied with the information in the digital COPD education program. However, both
occupational therapists and dieticians wanted more information related to their professions.

I think that it [the program] was missing a part about occupational therapy and daily activities. That could have been included as
a part of the COPD web too … I mean however ill you are you have to be able to cope with daily, personal care. (occupational
therapist, after intervention)

Each module concluded with 4–24 questions related to their content. The questions were described by the participants as
good learning opportunities. The digital COPD education program had given the participants a desire to learn more,

Figure 2 Experiences of how the COPD web can support participants’ work tasks.
Note: Data is mean (SD).
Abbreviation: COPD, chronic obstructive pulmonary disease.

Table 3 Estimated Time for Usage and Order of Importance for Each Module

Module Subjective Time in Minutes,
Mean (SD)

Order of Importancea,
Mean (SD)

Facts about COPD 30 (15) 3.6 (1.9)

COPD and common problems 31 (14) 2.2 (1.5)
COPD and common problems

(continued)

29 (12) 2.3 (1.4)

Physical activity 29 (16) 3.6 (1.9)
COPD and follow-ups 26 (13) 4.2 (1.4)

COPD and pharmacological

treatment

26 (17) 3.6 (2.2)

Note: aLower score = higher importance.
Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation.
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complete further COPD courses and they wanted more colleagues to complete the program. In the future, they wanted to
continue using the COPD web to update their knowledge, but also for patient education and peer education.

The in-home healthcare staff are very interested in going on courses too. And then I thought, you can actually use [the COPD
web] if you want to explain [COPD-related information]. (nurse, after intervention)

Knowledge and Experience
A significant increase in objective COPD-related knowledge in the intervention group compared to the control group was
shown as measured by the BCKQ (14 vs 6 percentage points, p=0.007). Similarly, the additional questions (based on the
Swedish national guidelines for COPD management) were significantly different between groups in favor of the
intervention group (16 vs 0 percentage points, p=0.002), as well as when all the questions were analyzed together (15
vs 4 percentage points, p=0.001) (Table 4). The participants described in the interviews that the digital program increased
their knowledge. Some stated that they learned about new aspects of COPD, while other participants said that it
confirmed existing knowledge and gave them the possibility to update their knowledge. The experience of increased
knowledge led to a feeling of increased security and attention to COPD.

And then this is something that I haven’t mentioned which has been important for me, infections and which signs you can think
about … I’ll be quicker to realize if they get flu symptoms and quicker to act … that’s probably one of the most important things
I think that I am more aware of now. (nurse, after intervention)

Table 4 Objective COPD-Specific Knowledge Measured with BCKQ and Questions Based on the Swedish National
Guidelines for COPD Management

Intervention (n=20) Control (n=17) Int - Con

Pre Post Pre Post Difference

BCKQ
Epidemiology 64% 84% 68% 70% 18%, p<0.001

Aetiology 76% 88% 80% 76% 16%, p=0.016

Symptoms 74% 76% 54% 62% −6%, NS
Breathlessness 52% 78% 50% 50% 26%, p=0.005

Phlegm 86% 96% 84% 86% 8%, NS

Infections 62% 76% 40% 50% 4%, NS
Exercise 78% 92% 82% 90% 6%, NS

Smoking 80% 80% 76% 76% 0%, NS

Vaccination 86% 94% 64% 66% 6%, NS
Inhaled bronchodilators 74% 86% 56% 64% 2%, NS

Antibiotics 82% 90% 64% 74% −2%, NS
Oral steroids 60% 74% 46% 56% 4%, NS
Inhaled steroids 28% 58% 22% 42% 10%, NS

Total score 69% 83% 60% 66% 8% p=0.007
National guidelinesa

Follow-ups and tests 40% 64% 38% 42% 20% p=0.023

Non-pharmacologic 1 70% 90% 62% 64% 18% NS
Non-pharmacologic 2 80% 94% 74% 72% 16% NS

Diagnostics 54% 70% 56% 60% 12% NS

Asthma/COPD 80% 94% 74% 74% 14% NS
Total score 64% 80% 60% 60% 16% p=0.002
Total scores combinedb 68% 82% 60% 64% 10% p=0.001

Notes: aAdditional questions based on Swedish national guidelines for COPD management not originally covered by the BCKQ. bTotal scores of the BCKQ
and the national guidelines questions combined.
Abbreviations: BCKQ, Bristol COPD Knowledge Questionnaire; Con, control group; COPD, chronic obstructive pulmonary diseases; Int, intervention
group; NS, non-significant; SD, standard deviation.
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For the intervention group, there was a significant correlation between their objectively measured knowledge (BCKQ
including the added questions) before the intervention and their increase in knowledge (r = −0.835, p <0.001). Namely,
participants with a lower BCKQ score before the intervention showed a greater increase in knowledge, which was also
confirmed by how the participants described their experiences in the interviews. Participants who experienced or
described a relatively good knowledge in their first interview perceived that the digital COPD education program
became a confirmation of already existing knowledge and only gave certain elements of increased knowledge.

… most of this that was in the program is stuff which I have learned before and stuff which I’ve heard, but when you’ve heard it
again it’s like … you can take in other stuff. It’s like … oh yeah, it was like this, kind of thing. (nurse, after intervention)

On the other hand, participants who expressed a lack of knowledge in their first interview generally experienced that the
digital education program had given increased knowledge.

… I realize that I have … what I can contribute with … I would like to do so much more, but I feel that I don’t have that
knowledge.

… I have a better understanding now … I feel that I have more knowledge today than what I had then. (physical therapist,
before vs after intervention)

Results from the BCKQ showed that the intervention group had significantly increased their specific knowledge about
epidemiology, breathlessness, aetiology and follow-ups and tests (Table 4). Further, compared to the control group,
a significant increase in percentage of participants with self-reported sufficient knowledge in providing COPD-related
self-management, health promotion healthcare services, and disease-specific education was seen in the intervention group
(Table 5). Although not shown in the knowledge questionnaire, participants also mentioned several areas of increased
knowledge in the interviews, such as breathing techniques, physical activity, signs of exacerbations, weight loss/nutrition,
and diagnostics. Increased knowledge about the areas of other professions was especially emphasized. As an example, in
the first interview a nurse mainly mentioned healthcare services such as breathing exercises, pharmacological treatment
and treating exacerbations. In the second interview, the same nurse also raised physical activity/exercise and nutrition as
important healthcare services. Consequently, there was an increased focus on the importance of interprofessional
collaboration in the second interviews.

On the other hand, I can kind of think more today about … yes but is this someone who can breathe against resistance in a bottle
[PEP] or is anyone thinking about their work of breathing? Is the physical therapist involved? Like more that which is really not
part of my profession but … I think that I’ve got a different view of … yes ok, I’m not going to do the physical therapist’s job or
someone else’s job, but anyway check … have you included several professions? (dietician, after intervention)

Table 5 Subjective Report of Sufficient Knowledge of COPD-Related Healthcare Services from the Conceptual Knowledge Use
Questionnaire

Change in Percentage (%) of Participants with Self-Reported Sufficient
Knowledge in Providing:

Intervention
(n=20)

Control
(n=17)

Int – Cona

Health promotion healthcare services + 50% + 0% 50%, p = 0.010

Tobacco prevention + 10% + 6% 4%, NS
Disease-specific education + 40% + 0% 40%, p = 0.037

COPD-related self-management + 68% − 6% 74%, p = 0.001

Support for physical activity/exercise training + 45% + 18% 27%, NS
Instructions & training in breathing techniques + 30% + 5% 25%, NS

Advise about nutrition and energy needs + 15% + 5% 15%, NS

Information about energy conservation + 25% + 6% 19%, NS
Meanb + 36% + 4% 32%, p < 0.001

Notes: aDifference (post minus pre) in percentage of participants with self-reported sufficient knowledge in providing targeted healthcare services for people with COPD.
bMean percentage of participants with self-reported sufficient knowledge in providing targeted healthcare services for people with COPD.
Abbreviations: Con, control group; COPD, chronic obstructive pulmonary disease; Int, intervention group; NS, non-significant.
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Working Procedures
Working procedures related to COPD management was subjectively evaluated in both the intervention group and the
control group.

After the intervention, neither the intervention group nor the control group showed any changes from baseline
regarding the estimated number of patients with COPD per week or their opinion of healthcare services that were part of
their work tasks. In the interviews, participants stated that only a few of their patients had COPD and that even for those
with COPD, COPD-related issues were rarely the reason for their initial contact. The participants also reported that they
were not always informed about their patients’ COPD diagnosis. The National Treatment Guidelines for COPD were not
implemented in their practice, but guidelines for some other diseases were. After the digital COPD education program,
participants mainly experienced that their working procedures had not changed, but that their attention to patients with
COPD and COPD-related healthcare services was raised. Furthermore, the digital program had also contributed to an
increased confidence in talking about the disease.

In the conceptual knowledge use questionnaires, both the intervention group and control group reported health
promotion healthcare services to people with COPD as important (INT mean 1.5–2.1, CON mean 1.5–2.7), with no
change over time. In the interviews, working procedures were described where the patients’ needs directed the healthcare
services, while the diagnosis itself was often ignored. This led to late healthcare services where the participants were
“putting out fires” rather than working preventively and there was a lack of resources for health promotion healthcare
services. After the intervention, the participants emphasized the importance of health promotion healthcare services and
expressed a wish for earlier healthcare services to prevent exacerbations.

But then as I said, they’re so late in the process, so it feels like we’re more fixing what’s already there than we are improving
their health. It feels like that so much earlier.

As physical therapists … we maybe work more when they are most ill, but it should maybe be the opposite. It maybe should be
that you have more time before. (physical therapist, before vs after intervention)

In the interviews, some changes in working procedures were presented within their own professional area, such as
starting to instruct pursed lip breathing, providing specific advice for physical activity and increased support for smoking
cessation. In addition, the digital COPD education program led to an increased attention to healthcare services provided
by other professions, interprofessional discussions with other professions and a desire for more interprofessional
collaboration.

I’ve felt motivated to … yes this will be good. Yes, that I’ve like got confirmation that you’re thinking correctly when you’re
trying to collaborate with others. (nurse, after intervention)

Finally, the participants expressed their wishes for changes in their working procedures to give them greater opportunities
to use their increased knowledge.

Discussion
The present study is, to our knowledge, the first to evaluate a digital COPD education program for healthcare
professionals in long-term care. The feasibility of the program was expressed as satisfactory concerning the content
and structure. It was also experienced as supporting the participants’ work through increased COPD-specific knowledge,
security and attention to COPD.

Previous research has shown that healthcare professionals in long-term and primary care in Sweden report that they
have insufficient knowledge about COPD management. They also experience a huge gap between treatment guidelines
and the healthcare services provided to people with COPD.2,22 In the present study, baseline COPD-specific knowledge
of our participants was measured using the BCKQ. The percentage of correct answers for the intervention and control
groups was 69% and 60% respectively, which can be compared to previous studies showing 51–59% for non-respiratory
nurses and 60–61% for respiratory nurses.6,31,32 The healthcare professionals included in the present study thus had
a similar, or slightly higher, level of COPD-specific knowledge compared those of previous studies. In a previous study,
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an intensive and interactive two-hour face-to-face education session increased the COPD-specific knowledge of nurses in
different healthcare settings by 19 percentage points.6 That increase was five percentage points more than the increase
seen for the intervention group in the present study who had a total education time of about three hours. However, the
nurses in the aforementioned study had lower knowledge at baseline6 compared to the healthcare professionals in the
present study, indicating greater potential for improvement in that group. Nevertheless, these findings suggest that
a digital COPD education program can be as effective at increasing knowledge as a face-to-face education program. In
support of this, a previous COPD education program consisting of six video lessons was found to increase the knowledge
of healthcare professionals in primary care.33 A previous study further found that a COPD education program for nurses
in primary care increased their sense of security and their confidence in their competence,34 which was also shown in the
present study. Both nurses in primary care and the healthcare professionals in the present study described how the
education programs had taught them about the value of contributions from other professions in COPD management and
facilitated interprofessional collaboration.34 Thus, increased knowledge from a digital COPD education program can lead
to a greater sense of security and increased focus on COPD-related issues, which in turn can facilitate COPD-related
discussions with other healthcare professionals.

Despite the increase in COPD-specific knowledge, especially concerning epidemiology, breathlessness, aetiology, and
follow-ups and tests, the healthcare professionals in the present study did not express any change in their working
procedures. This is perhaps not surprising considering the relatively short time for the digital COPD education program
to enable such a change. The present study also indicates that there might be organizational barriers to changes in
working procedures. The integrated-Promoting Action on Research Implementation of Health Services (i-PARIHS)
framework35 can be used to understand which factors are needed to achieve a successful implementation of evidence-
based COPD management in long-term care. With the digital COPD education program, the knowledge of the
recipients,35 ie the healthcare professionals, was improved. A previous study also showed that an education program
can increase the self-efficacy of healthcare professionals.7 According to i-PARIHS, innovation, context and facilitation
are crucial for implementation.35 Innovation focuses on the evidence for COPD management and how it will fit in the
long-term care setting.35 There is substantial evidence for the effects of COPD management and the healthcare services
are recommended in national and international guidelines,17,18 which the digital COPD education program is based on.
Healthcare professionals in long-term care have however expressed that the national guidelines need to be adapted to fit
the long-term care setting.2 Padilha, Sousa, Pereira36 concluded that it was important to develop specific guidelines and
support for decision-making for the clinical practice of that particular profession. In addition, the healthcare profes-
sionals’ perceptions of digital services can influence the implementation of a digital education program.37 Including
healthcare professionals as stakeholders in the development and implementation of such education programs is important
to provide support adapted to their needs.38 Context includes the immediate work environment of the recipients and the
organization.35 The participants expressed that they had little time to participate in the digital COPD education program,
something which has also previously been reported as an organizational barrier.2,22 Another study in Swedish long-term
care further found that interprofessional collaboration regarding COPD was rare.2 Time constraints and lack of
collaborations thus likely negatively influence the potential to change working procedures. Finally, facilitation is an
important factor and an active ingredient in i-PARIHS, and requires someone to take on the role of facilitator.35 In the
present study, no person had the official role of facilitator. Healthcare professionals thus probably need more support for
change than only a digital education program. Padilha, Sousa, Pereira36 suggested the need for a person who serves as an
agent of change, stimulates reflection, and supports achieving the change. The support should also be directed at
stimulating a change of working procedures in the whole working group, not only for individuals, to stimulate
interprofessional collaboration. Further research is needed to explore which additional interventions are needed to change
working procedures in long-term care.

Methodological Considerations
A major strength of the present study is the use of a mixed methods design and the longitudinal approach in the
qualitative component. Using both quantitative and qualitative methods provides a more comprehensive picture and the
two approaches strengthen each other.10 As an example, by using both quantitative and qualitative methods to evaluate
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COPD-specific knowledge, we found both objectively measured and experiences of increased knowledge, but also
experiences that the increased knowledge led to more security and focus on COPD. The use of a mixed methods design
also showed that, in addition to the 14% increase in objectively measured COPD-specific knowledge seen on a group
level (Table 4), more than a third of the intervention group (36%) reported increased self-reported sufficient knowledge in
providing targeted healthcare services for people with COPD, compared with only 4% in the control group (Table 5). The
recurrent interviews enabled comparisons between participants’ experiences and attitudes before and after the interven-
tion. The interviews followed a semi-structured interview guide so all interviews would have the same focus. However,
had the interviewer also reviewed the first interviews before conducting the second interviews, the second interviews
could had been adapted to follow up on aspects relevant to each participant and thus better capture change among
individuals.28

For this study, we added 25 items to the original version of BCKQ. The original version of BCKQ21 consists of 13 topics
with five items for each topic, where five of the topics are about pharmacological treatment. We wanted get a broader
understanding of the participants’ knowledge, since it is mainly the nurses of the included participants who are involved in
pharmacological treatment. Consequently, we compared the original version with the updated Swedish national treatment
guidelines17 and added topics that were underrepresented to better fit the new guidelines. In the analysis we have, however,
presented the results from the original version separately to facilitate comparisons with other studies.

The question about which healthcare services that were part of their role was answered quite differently by the
intervention group and the control group. This may reflect the skewed distribution of professions between the groups and/
or potential differences in work organization and attitudes across the two municipalities. The intervention group consisted
for the most part of nurses, while the control group largely consisted of occupational therapists and physical therapists.
This skewed distribution of professions could have influenced the generalizability of the results. However, the baseline
knowledge of the two groups was rather similar, thus suggesting that the skewed distribution of healthcare professionals
between intervention and control groups did not impact our between-group comparisons. Furthermore, the skewed
distribution of professions is merely a reflection of the organizational structure of long-term care in Sweden, indicating
that there are regional differences in access and availability of different health professionals within long-term care.
Notably, the content of the digital COPD education program was not specifically designed for healthcare professionals in
long-term care, it was designed based on international and national COPD treatment guidelines17,18 and could thus be
used for healthcare professionals also in other settings than long-term care.

A possible limitation of the study design is that the researchers who conducted the interviews after the intervention
period were part of the team that developed the COPD web and the digital COPD education program, which could have
influenced the answers of the participants. However, it is not clear if the participants were aware of the interviewers’
involvement in the development and the recorded interviews and the transcripts did not reveal any obvious influence on
the participants. Furthermore, all analyses of the interviews were made by a third party not involved in any of the
interviews or the design of the current study.

Conclusions
The digital COPD education program was feasible to use among healthcare professionals in long-term care, with
satisfaction regarding content, structure and support. The digital program also increased the COPD-specific knowledge
of the healthcare professionals who received this intervention. Increased knowledge lead to increased experiences of
security, increased focus on COPD-related issues and discussions about COPD with other healthcare professionals. More
comprehensive measures might be needed to change working procedures, such as allocated time and opportunities for
interprofessional collaboration, as well as a facilitator who can support the implementation of changing working
procedures. Further research is needed to explore how such comprehensive measures should be designed.

Abbreviations
BCKQ, Bristol COPD Knowledge Questionnaire; CON, Control group; COPD, Chronic obstructive pulmonary disease;
eHealth, Electronic health; i-PARIHS, integrated-Promoting Action on Research Implementation of Health Services;
INT, Intervention group; NS, Non-significant; SD, Standard deviation.
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