JMIR MHEALTH AND UHEALTH

Alwashmi et al

Original Paper

Perceptions of Health Care Providers Regarding a Mobile Health
Intervention to Manage Chronic Obstructive Pulmonary Disease:
Qualitative Study
Meshari F Alwashmi1, BN, MSc; Beverly Fitzpatrick1, PhD; Erin Davis1, PharmD; John-Michael Gamble2, PhD;
Jamie Farrell1, MD, FRCPC; John Hawboldt1, PharmD
1

Memorial University of Newfoundland, St John's, NL, Canada

2

School of Pharmacy, Faculty of Science, University of Waterloo, Waterloo, ON, Canada

Corresponding Author:
Meshari F Alwashmi, BN, MSc
Memorial University of Newfoundland
Health Sciences Centre
300 Prince Philip Drive
St John's, NL, A1B 3V6
Canada
Phone: 1 7096910728
Email: mfa720@mun.ca

Abstract
Background: Using a mobile health (mHealth) intervention, consisting of a smartphone and compatible medical device, has
the potential to enhance chronic obstructive pulmonary disease (COPD) treatment outcomes while mitigating health care costs.
Objective: The aim of this study was to explore the potential facilitators and barriers among health care providers (HCPs)
regarding the use of mHealth interventions for COPD management.
Methods: This was a qualitative study. Semistructured individual interviews were conducted with HCPs, including nurses,
pharmacists, and physicians who work directly with patients with COPD. A flexible prompts guide was used to facilitate discussions.
Interview topics included the following: demographics, mHealth usage, perceptions toward challenges of mHealth adoption,
factors facilitating mHealth adoption, and preferences regarding features of the mHealth intervention for COPD management.
Interviews were conversational in nature, and items were not asked verbatim or in the order presented. The interviews were
transcribed verbatim and compared against the digital recordings to ensure the accuracy of the content. After creating a codebook
for analysis, 2 researchers independently coded the remaining interview data using pattern coding. They discussed commonalities
and differences in coding until a consensus was reached.
Results: A total of 30 nurses, physicians, and pharmacists participated. The main facilitators to mHealth adoption are possible
health benefits for patients, ease of use, educating patients and their HCPs, credibility, and reducing cost to the health care system.
Alternatively, the barriers to adoption are technical issues, privacy and confidentiality issues, lack of awareness, potential limited
uptake from the elderly, potential limited connection between patients and HCPs, and finances.
Conclusions: It is important to understand the perceptions of HCPs regarding the adoption of innovative mHealth interventions
for COPD management. This study identifies some potential facilitators and barriers that may inform the successful development
and implementation of mHealth interventions for COPD management.
(JMIR Mhealth Uhealth 2019;7(6):e13950) doi: 10.2196/13950
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Introduction
Background
The surge in computing power and mobile connectivity has led
to the emergence of mobile health (mHealth) that can transform
the mode and quality of clinical research and health care [1].
mHealth is defined by the National Institutes of Health as the
use of mobile and wireless devices to improve health outcomes,
health care services, and health research. An mHealth
intervention could also include the use of a medical device that
is compatible with a smartphone. Evidence suggests that
mHealth interventions may benefit patients with many chronic
health conditions including chronic obstructive pulmonary
disease (COPD) [2-5].
Although COPD is a preventable and treatable condition, it is
estimated to be the third leading cause of death worldwide by
2020 [6]. According to the Canadian Institute for Health
Information, COPD now accounts for the highest rate of hospital
admission and readmission among major chronic illnesses in
Canada [7]. The Conference Board of Canada has stated that
the combined direct and indirect costs of COPD will increase
from just under CAD $4 billion in 2010 to roughly $9.5 billion
by 2030, an increase of 140% [8]. Dynamic modeling has shown
that any intervention that can reduce the number of
exacerbations in a population will have a substantial impact on
morbidity and costs associated with COPD [8,9]. The authors
previously published a systematic review and noted that the
current literature on the role of smartphones in reducing COPD
exacerbations is limited but does suggest that smartphone
interventions may reduce COPD exacerbations [2].

Importance of Human-Centered Design
The International Organization for Standardization (ISO)
9241-210 standard defines human-centered design (HCD) as
“an approach to systems design and development that aims to
make interactive systems more usable by focusing on the use
of the system and applying human factors/ergonomics and
usability knowledge and techniques” [10]. The ISO uses the
term HCD instead of user-centered design to “address impacts
on a number of stakeholders, not just those typically considered
as users” [10]. However, in practice, these terms are often used
synonymously.
There is increasing interest from academics and clinicians in
harnessing smartphone apps as a means of delivering behavioral
interventions for health; however, research on the development
and evaluation of such apps is in the relatively early stages [11].
Many of the barriers to using mHealth can be avoided with
better planning and collaboration [12]. Testing mHealth
interventions with patients has revealed preferences and
concerns unique to the tested population [13-15]. When
developing an mHealth intervention, Hopkins et al [16]
encourage including insights from key users to potentially
improve the process and the outcome of the intervention.
Triantafyllidis et al used an iterative approach to refine a tablet
computer–based home monitoring system for heart failure
patients [17]. There was limited uptake of the system owing to
usage difficulties and low levels of patient satisfaction. The
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authors recommended patient-centered approaches for
sustainable delivery of remote health monitoring services [17].
Patient-centered care recognizes the complex, subjective, and
changing nature of the patient’s health status [18]; in addition,
it links multiple episodes of care offered by diverse providers
into continuous, integrated care trajectories unique to particular
patients [19,20]. Developing a COPD mHealth intervention
with insights from health care providers (HCPs) working with
patients with COPD will potentially improve the process and
outcome of the mHealth intervention.

Involvement of Health Care Providers
HCD is particularly suited to developing mHealth interventions,
which generally involve multiple stakeholders. Bender suggests
a collaborative care approach within teams comprising
physicians, nurses, pharmacists, and patient advocates to lead
to better care and higher patient adherence for complex and
comorbid conditions [21]. Also, other researchers recommend
the involvement of a multidisciplinary team in mHealth
interventions to develop tailored messages [22], address patient
medication needs [23], enhance physical activity in patients
with COPD [24], and support the management of heart failure
[17], diabetes [25], and cancer [26]. Chiang et al [27] stated that
few studies have examined the obstacles faced by HCPs when
carrying out telehealth interventions. Similar obstacles in
mHealth need to be addressed.
Nursing, medicine, and pharmacy are some of the largest health
professions in Canada. Nurses promote COPD management by
supportive, preventive, therapeutic, palliative, and rehabilitative
means to gain or maintain optimal function [28]. Physicians
assess the condition of COPD and diagnose, treat, and prevent
any disease, disorder, or dysfunction whereas pharmacists play
a role in the promotion of health, prevention, and treatment of
COPD through monitoring and management of medication
therapy [28]. Furthermore, the role of pharmacists has shifted
from drug dispensing responsibilities to the provision of direct
patient care [29]. By obtaining the perspectives of nurses,
physicians, and pharmacists, we hope to understand the
facilitators and barriers affecting some of the largest health
professions in Canada. Furthermore, it will enable us to
understand the differences in requirements for an mHealth
intervention.

Human-Centered Design in Chronic Obstructive
Pulmonary Disease
Although mHealth is gaining popularity in recent years, patient
and HCP perspectives toward using mHealth for COPD
management are relatively unexplored [30]. One study provided
insight into the perceptions of COPD patients and their HCPs
toward using mHealth for COPD management. They stated that
potential barriers to use mHealth include the following: patients
avoiding confrontation with the disease, preference for personal
contact with an HCP, difficulties with displaying feelings in an
application leading to invalid patient measures and lack of trust
in advising characteristics of an mHealth intervention, and lack
of enthusiasm for mHealth by HCPs [30]. They also
recommended including a larger sample of HCPs with more
mHealth experience in future studies [30].
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To improve the success of mHealth solutions in COPD
management, we suggest including HCPs who work with
patients with COPD in the development process. Lessons learned
will bridge the knowledge gap of barriers and facilitators for
mHealth uptake in COPD management. It will also be offered
as a guide for research and technology developers working with
COPD patients and their HCPs.

Methods
Purpose
This study was intended to explore and develop an
understanding of potential facilitators and barriers that might
influence HCPs using mHealth interventions for COPD
management.

Study Design
We used a descriptive qualitative research design that was
grounded in pragmatism [31,32]. Using a qualitative
methodology allowed us to achieve an in-depth, contextualized
picture of how a diverse sample of HCPs, in this case nurses,
pharmacists, and physicians, think and feel about the
possibilities and challenges of using mHealth. This has a
pragmatic value as mHealth is an emerging option for delivering
health care.

Recruitment and Study Setting
HCPs involved in the treatment of patients with COPD were
eligible to participate. The primary investigator (PI) contacted
the Newfoundland and Labrador Medical Association, the
Association of Registered Nurses of Newfoundland and
Labrador, and the Pharmacists' Association of Newfoundland
and Labrador. These organizations were asked to forward a
recruitment email to their mailing lists or post it in their
websites. Interested HCPs contacted the PI via email or
telephone, who then scheduled appointments to complete the
consent forms and conduct the interviews. Our sample consisted
of 30 HCPs: 10 nurses, 10 pharmacists, and 10 physicians. The
study took place in St. John’s, Canada. We conducted some
interviews at Memorial University and others at the participants’
offices or homes.
We used purposive typical case sampling to gather information
that would reflect typical cases of mHealth use [32,33]. We also
used a criterion-based selection [32] so that we could categorize
participant characteristics such as age, familiarity with mHealth,
health care profession, and years of experience. In addition, as
the interviews progressed, some participants were recruited by
snowball or chain sampling, where participants suggested other
possible HCPs [32,34]. Snowball or chain sampling was used
to ask a few information-rich participants for additional contacts
to provide confirming or different perspectives, allowing for
richer data [32].
Participants were recruited from April 2018 to August 2018.
We first contacted nurses, and after interviewing 7 to 8 nurses,
we reached saturation as we were not gathering new information.
However, we continued interviewing until 10 nurses were
interviewed. This was to strengthen the validity of inferences
[35]. We used the same sampling strategy for the remaining
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professions, with similar saturation points and continuing to
interview the 10 participants for each profession. Our final
sample size was comparable with similar qualitative studies
[30,36,37].

Ethical Considerations
Ethical approval for this study was obtained from the
Newfoundland and Labrador Health Research Ethics Authority
(HREB -2017-194). Before agreeing to participate, all subjects
were informed about the nature of the research project, possible
risks and benefits, and their rights as research subjects. All
participants completed a written consent form. They were also
given a copy of the consent form.

Data Collection
We conducted individual semistructured interviews to gain an
understanding of the everyday life-worlds of HCPs in relation
to using mHealth [38,39]. Using semistructured interviews
allowed the interviewer to begin with a broad question to direct
the focus of the interview and then to provide an opportunity
for the HCPs to bring forth their thoughts and feelings about
the phenomenon that they thought were important [38,39]. The
interview prompts are available in Multimedia Appendix 1. If
participants identified that they have not used mHealth, they
were asked questions pertaining to why they had not used
mHealth (barriers). However, we did not ask them about
facilitators because they did not have the experience to answer
these questions. To facilitate discussions, the interviews were
conversational in nature and items were not asked verbatim or
in the order presented. As the study progressed, emerging issues
were explored with subsequent participants to refine the themes.
The prompts were informed by findings from the literature and
input from the authors who have diverse backgrounds including
mHealth, pharmacy, nursing, medicine, respirology, family
medicine, education, and qualitative research.
The interviews were recorded to enable transparent and accurate
transcription. Interview lengths ranged from 20 to 60 min.
Topics included the following: demographics, mHealth usage,
perceptions toward challenges of mHealth adoption, factors
facilitating mHealth adoption, and preferences regarding features
of the mHealth intervention for COPD management. Owing to
the large amount of data, preferences regarding features of the
mHealth intervention will be published in another article. Data
consisted of more than 13 hours of interview time with
approximately 300 pages of transcription.

Data Analysis
The interviews were transcribed verbatim and compared against
the digital recordings to ensure the accuracy of the content.
Identifying information (names) was removed to protect
anonymity. We used NVivo (version 12; QSR International) to
organize the data and examine the words, including frequency
counts, as in classical content analysis [40]. All data were
analyzed, but we only coded the data that were relevant for
answering the research questions, as recommended by Saldana
[41], Wolcott [42], and Yin [43]. An audit trail was created to
keep track of all analytic decisions [44].
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After using NVivo, we used first cycle coding with the nurses’
data that were both structural and holistic [41], meaning that
we used the interview prompts and the literature to guide some
of the coding. One researcher analyzed the transcripts and
developed a set of themes and subthemes and then obtained
input from a second researcher. In the second cycle of coding,
the 2 researchers independently coded the nurses’ data using
pattern coding to develop themes [41]. They then discussed
commonalities and differences in their coding and theme
development until a consensus was reached. The analysis of the
nurses’ data was mainly inductive and iterative throughout as
we went back and forth among the data, the coding, and the
themes [45].
After the nursing analysis was finished, we completed the same
2 cycles of analysis for the pharmacist and physician data. These
2 analyses included inductive and deductive analysis. However,
the analysis was more deductive in nature as themes had already
been developed from the nursing data. The iterative process
continued as these analyses were conducted to find
commonalities, differences, and new patterns in thinking in
relation to the nurses’ data. Once these 3 sets of analysis were
complete, the 2 researchers discussed common and different
trends among the 3 HCP groups to develop final themes that
encompassed all the HCPs.

Results
Demographics

Alwashmi et al
clinics, critical care, long-term care, and community health.
Some HCPs founded a medical technology company or had a
software programming background. About half of the HCPs
had experience with an mHealth intervention to manage COPD.
Participant demographics are outlined in Table 1.
The majority of HCPs thought that mHealth can play a role in
COPD management; however, some HCPs had opposing views.
One nurse who implements an mHealth intervention to manage
COPD indicated that “...the majority of our patients are very
sad to leave the programme.” However, one physician expressed
his concern:
There hasn’t been a lot of evidence to prove that this
makes a difference in terms of patient outcomes...I
think those people are just happy to have another set
of eyes watching them, right. I think it probably gives
them reassurance.
Finally, a pharmacist said,
There’s obviously going to be some patients who don’t
want to do it who are technology averse in which case
that’s totally fine, they can use the traditional
methods.
We developed themes under 2 categories: facilitators and
barriers that would influence the feasibility and use of mHealth.
Table 2 summarizes the main facilitators and Table 3
summarizes the main barriers. We have also included details
and examples to illustrate the HCPs’ thoughts and beliefs.

The sample included HCPs who worked with patients with
COPD in various settings, including respirology clinics, cancer
Table 1. Participant demographics.
Demographics

Sample size

Age (years), mean (SD)

Years of experience, mean (SD)

Nurses

5

47.3 (6)

19.6 (9)

5

40.6 (10)

15.8 (10)

Physicians

5

37 (9)

8.4 (8.7)

mHealth physicians

5

41.2 (12)

14.4 (11)

Pharmacists

7

35.7 (11)

11.4 (10)

mHealth pharmacists

3

27.5 (4)

3.6 (2)

mHealth

a

a,b

nurses

mHealth: mobile health.

b

Experience in using a mobile health intervention.
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Table 2. Themes with specific examples regarding the facilitators of mobile health (mHealth) adoption.
Theme

Specific examples for each theme

There are possible health benefits for patients

•
•
•

Patients can become more readily educated about their disease;
In areas with limited access to health care, mHealth technologies can
bridge the gap between patients and health care providers;
Patients can become more motivated, empowered, and accountable
with managing their health care

The software needs to be easy to use

•
•
•

The technology needs to be simple;
The language should be basic;
The software should be visually appealing

Health care providers and patients need to be educated on the use of
mHealth

•

Educational strategies are needed

The credibility of mHealth should be evident

•
•

Evidence about the effectiveness of mHealth is important;
The credibility of the developer is important

mHealth should reduce the cost to the health care system

•
•

It results in a decreased use of health care resources;
It is affordable owing to the reduced cost of medical devices, and it
does not include a large physical infrastructure;
Partnering with private entities could facilitate uptake

•

Table 3. Themes with specific examples regarding the barriers of mobile health (mHealth) adoption.
Theme

Specific examples for each theme

There are technical issues with mHealth

•
•
•

There may be privacy and confidentiality concerns

•

People, other than the patients, might gain access to private information

Lack of awareness is a challenge

•

Many HCPsa and patients are not aware of the current advancements
in mHealth

There may be limited uptake from the elderly

•

Some HCPs thought older age may be a barrier to technology adoption;
Some believed the upcoming generation will be more familiar with
technology

•

mHealth may limit the personal connection between HCPs and patients

•
•
•

There are possible financial barriers; There were a few challenges mentioned by a minority of HCPs

•
•

a

It may include equipment malfunction, password issues, and interoperability;
It requires internet access;
Many clinics are paper based

Some thought personal connections are necessary;
Others thought the advantages of mHealth outweigh personal connections;
Others thought a hybrid approach might be optimal
This includes the high cost of the mHealth intervention, time consumption, and lack of billing codes for HCPs;
These included false sense of security, anxiety, lack of motivation,
and loss to follow up.

HCP: health care provider.

Facilitators
There are Possible Health Benefits for Patients
Pharmacists, nurses, and physicians agreed that mHealth has
the potential to provide health benefits to patients. One nurse,
who was experienced with mHealth remarked,
It could make life for them, you know, much easier,
and improve their quality of life.
http://mhealth.jmir.org/2019/6/e13950/
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Another nurse felt confident that patients would be “more
educated about their diseases and about what things they should
be looking for.” A physician commented on his patients who
were enrolled in a mHealth intervention program,
...I think those people are just happy to have another
set of eyes watching them, right. I think it probably
gives them reassurance.
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Some HCPs mentioned that mHealth could increase patient
autonomy through simulating empowerment and motivation in
patients. The following physician statement represents thoughts
from several other HCPs, “it would give patients the power to
then be a part of their management plan, which is better when
patients are empowered, because they feel in control of their
health.” A few pharmacists also mentioned increased motivation
as part of this same vein of thought and talked about “access to
motivation or making the patient really feel like they were more
kind of involved in their own healthcare.” Some nurses indicated
that mHealth interventions could provide a sense of
accountability:
There’s a sense of accountability I believe from the
patients. The nurse is watching me this morning, I
better do it because she’ll be waiting or he’ll be
waiting, definitely.
Access to health care in rural areas was also thought to be an
important facilitator. Many HCPs highlighted the importance
of mHealth in reducing travel time and improving access to
rural areas (Newfoundland and Labrador, Canada). A nurse
observed,
You look at all these small communities in and around
the island, those people could certainly benefit from
some kind of remote monitoring.
This thought was reinforced by others, as in this physician
statement,
I think that is probably the best benefit from Mobile
Health in this province is that it can reach some of
those rural communities where we can’t go and see
patients.
As part of rural health care, it was consistently noted that
mHealth would make it easier for HCPs to provide care. For
example, a nurse pointed out that mHealth would help with
management of time and perhaps allow for more patients to be
monitored, as the following comment demonstrates,
...what they can achieve in a video appointment is
sometimes quicker, and a bit more targeted and
efficient, and they can fit them in within their other
appointments.
mHealth should reduce cancelled appointments and hospital
visits as patients would not have to leave their homes, in urban
as well as in rural areas. One physician expressed this concern
about hospital visits, coupled with the advantage of mHealth:
...you can just send that from home. Not even have to
go into a facility. And sometimes that’s really onerous
for people, especially people who are suffering from
COPD, so they’re going to have shortness of breath
and exertion and find it even harder to get from the
parking lot into the hospital, so the more you can do
to make their lives easier, it’s great.

The Software Needs to Be Easy to Use
Usability was highlighted by the majority of HCPs as an
important factor in increasing the uptake of mHealth. One nurse
with experience in conducting mHealth interventions cautioned
http://mhealth.jmir.org/2019/6/e13950/
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that patients may stop using the intervention owing to usability
issues:
...they found it hard, I’d say largely related to the
technology, not being able to handle it or finding it
too much work. Too tiring, too much trouble, not for
them, that kind of thing.
Thus, most HCPs recommended the software to be easy to use.
As another nurse pointed out:
...people are overwhelmed when they are diagnosed
with something that is new and complicated, and
affects something as important as your breathing. So,
this has got to be something that is easy for them to
access and, I think, easy for them to see benefits from.
Some pharmacists recommended using simple language to
enhance usability, as in “it needs to be kept useful, but also
simple enough for them to be able to navigate and use.” One
nurse reinforced this notion and thought the language should
be “set at a grade six reading level, so there’s no issues with
comprehension of what they're being asked or told.” It was also
thought that the software should be visually appealing, with
color and perhaps daily progress or weekly tracking graphs.
Font size was also raised as an issue. One nurse quipped, “people
my age and above can’t see. A lot of it is very tiny, so the need
for reading glasses.” This was apt as COPD generally develops
in later stages of life.
In addition, one nurse with experience in mHealth interventions
said HCPs may not use the intervention if it was difficult to use,
“where the provider is getting all this information, doesn’t feel
that comfortable sorting through it, or using it to make clinical
decisions, and then it just is going to no use it.” So, users and
providers need software that is easy to use as well as
comprehensive. To streamline the physician workflow, one
physician suggested that data collected by the mHealth
intervention should be accessed via the electronic medical
record: “I have an electronic medical record so it would be nice
if it was actually in electronic format.”

Health Care Providers and Patients Need to Be Educated
on the Use of Mobile Health
It was recognized that mHealth is a different type of learning
for many HCPs as it includes learning about technology instead
of diseases. However, as one nurse rationalized, “we need to
make sure we are staying up and current and on top of this.”
Many strategies were suggested for educating HCPs, such as
integrating information about digital health and mHealth in
school curricula; self-learning; Web-based learning; learning
from coworkers, students, and sales representatives; attending
educational sessions; and hiring coordinators for support.
The necessity to educate patients was also acknowledged. As
one pharmacist suggested,
I guess most patients with COPD are older and would
probably benefit from someone walking through the
app with them and showing them how to use it.
Hands-on learning, supplementary print materials, and a video
tutorial were suggested as ways to teach patients how to use the
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software. Others mentioned the convenience of having family
support as an enabler.
In terms of who should teach patients, it was thought by some
that HCPs should share the responsibility. As advocated by one
pharmacist:
I guess anyone, if you're seeing a patient or person
who is in need of that service could introduce it. I
don’t think one person should have to take all the
responsibility, or one profession.
However, this was not an agreed upon idea. Some thought there
should be designated people to teach the necessary skills, but
there were differing opinions about which group of HCPs should
lead the patient education. It was also recommended by some
that technical support staff be available as a resource for patients
to call when they needed technical help.

Alwashmi et al
as explained by a nurse who thought it would “hopefully catch
things in the earlier stage before these patients who were mostly
elderly got in enough trouble that they would end up in the
emergency department.”
Advancements in mHealth can result in a decrease in expenses,
as a third nurse explained,
I can send a patient a whole set of devices including
a blood pressure cuff, O2 sat machine and a weigh
scale for less than 300 dollars.
Large physical infrastructure would not be required, and it was
suggested that some of this could be outsourced to private
entities that are already doing this type of work, thereby reducing
expenses to taxpayers.

Barriers

The Credibility of Mobile Health Should Be Evident

There Are Technical Issues With Mobile Health

HCPs thought that the credibility of mHealth needs to be made
evident to HCPs and patients. This would help raise awareness
to facilitate uptake by HCPs. A physician worded it like this,

Many HCPs expressed that technical issues can be barriers for
mHealth adoption. Specifically, equipment malfunction,
password issues, and interoperability were mentioned frequently.
For example, a nurse reported,

...if I perceived that this is something that would help
someone exercise a little bit more, control their
weight, watch their diet, then I would recommend
that.
A nurse was even more specific in terms of evidence:
...it would be really important to have some solid,
really good evidence to show that, in actual fact, we
receive excellent outcomes in terms of quality of life
indicators, activity levels, medication usage at a
specific time point, be it within one or two years, to
decide that this type of monitoring, and this type of
connection with your provider is making a difference
to your outcomes. I think that type of evidence is
what’s going to change my mind as a practitioner
about whether it’s worth using it or not.
This sentiment was reiterated by a pharmacist who thought that
“knowing if there’s evidence to actually support its use” was
essential.
In addition, the credibility of the developer was mentioned, as
in this statement from a pharmacist, “it’s also about the
credibility of who’s putting the app together.” Added to this,
recommendations from credible HCPs were also thought to be
important. One physician commented:
I mean, the power of one's network. If I view
something and I think that it’s good, then me giving
it a vote of confidence that would then get shared,
and people would know that I am independently
choosing to recommend something.

Mobile Health Should Reduce the Cost to the Health
Care System
It was thought that mHealth has the ability to provide the
“clinical assessment and healthcare that was required in a more
cost-effective manner”, as recommended by one of the nurses.
It should decrease emergency visits and hospital admissions,
http://mhealth.jmir.org/2019/6/e13950/
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There’s been issues with the technology not
communicating because we have setups in four
different ways.
In addition, some technical specifications are required, such as
the smartphone being Bluetooth compatible, along with cellular
and Wi-Fi connections being available. One nurse elaborated,
...there are patients within little pockets of...that don't
have cellular service or Internet connection, so
unfortunately those patients will not be able to be
referred to the program.
Another limiting condition to sharing mHealth data via
electronic medical records was mentioned by physicians, in that
many clinics are still paper based or not up to date in technology
use.

There May Be Privacy and Confidentiality Concerns
A few HCPs thought privacy and confidentiality could be a
barrier to mHealth adoption. A pharmacist, echoing other HCPs,
questioned,
How are patients confident that the information that’s
in that app is only going to stay with them and that
other people are not going to see that data?
The concern of family members viewing private information
was raised,
Patients, you know, if they’re competent they don’t
want their family members to see their information
and that could be an issue.
Also, the issue of stolen or lost phones that contained private
information was raised. However, other HCPs thought these
issues could be mitigated with security, as expressed by a
pharmacist,
...if it is secure and the patient gets to decide who
accesses it, I don’t see it being an issue with
confidentiality.
JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 6 | e13950 | p. 7
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And, some HCPs, as noted by a nurse, were ambivalent
regarding privacy and confidentiality,
I wouldn’t imagine that there are any more privacy
concerns than there are with anything else within
health care.

Lack of Awareness Is a Challenge
Many HCPs indicated that lack of awareness is a major barrier
to mHealth adoption. One physician with limited mHealth
experience expressed this concern,
I think if that had been a part of my training more
and I’d seen it more then it could definitely become
part of my own training.
Employers’ lack of knowledge was also mentioned. For
example, a nurse shared:
Our employer doesn’t want to see us having them out,
people will have the impression we are using it for
personal use. That is one big factor. Our employer
tells us, keep your phones hidden, don’t have them
out.

There May Be Limited Uptake From the Elderly
HCPs had conflicting opinions regarding age and mHealth
adoption. All physicians and some nurses and pharmacists
agreed that the elderly may face issues in adopting these
technologies, as indicated by this pharmacist,
A lot of the patients with COPD being older and
maybe not as app-savvy as the group that you’re
aiming towards.
This thought was reinforced by one physician’s words, with a
caveat of doubt,
I suppose I would assume that the elderly and the
more frail would not be tech-savvy, though, I know
smartphone use is increasing with the ageing
population.
This caveat was supported by some of the nurses with an
mHealth experience, as expressed by one experienced nurse:
I had patients who are older than 90 who never owned
a computer in their life and managed to do their
sessions on their iPads and send it to me with no
trouble. So, I think it depends on maybe education
level and understanding, and maybe how things are
explained to them.
A couple of pharmacists experienced in mHealth even stated
that some elderly people have embraced technology:
I’ve had a lot of kind of older generation patients that
once we’ve kind of sat down they’ve said oh I’ve been
tracking this or I have this app, and I was kind of
shocked. So until you kind of try it out and recommend
it to people you never know what they’re open to using
or what they’re already using.
It was also thought by some that the upcoming generation will
be more familiar with technology, as a nurse surmised,
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We have to be sensitive to the fact that technology is
present in my world, it’s present in yours, but it wasn’t
in my grandparents.
Some physicians also thought that future generations will value
and use mHealth more than the current generation,
I think the younger generation will, you know, take
this in very easily and very much accept it, so I think
going forward there’s only going to be more of it, not
less.
It was also posited that some older HCPs may face issues when
adopting mHealth, as put forward by one pharmacist:
I’m sure there’d be some potentially older
pharmacists who are less familiar with smartphones
and apps that might have more trouble, and may
benefit from a tutorial type thing.
This was reiterated by a physician:
I think that probably technology maybe gets pushed
to the side. I think that a lot of the physicians too
might be, not scared but reluctant to use technology
and to learn a new skill, especially if they’ve been in
practice for thirty years or something.

Mobile Health May Limit the Personal Connection
Between Health Care Providers and Patients
As with age, HCPs had conflicting opinions about mHealth and
building personal connections between patients and HCPs. A
nurse who worried that mHealth might limit the personal
connections said:
I like to have a bit of actual contact and eye contact,
and hear the tone of someone’s voice, and a gentle
touch sometimes can be so reassuring, you know. I
think it’s going to be lost with this type of technology.
However, this same nurse added that even minimal contact
could mitigate that barrier, as in “I think there needs to be some
sort of human contact, even if it is just the face of the person
who receives that information.”
Some physicians also agreed that mHealth lacks this type of
contact, as in “I don’t think you’re ever going to really replace
that human element.” However, although it was emphasized
that interacting with patients face to face is better than online,
some HCPs struggled with the advantages of human contact
versus access. One nurse who was a champion of human contact,
recognized that mHealth is:
...increasing access and to me, that would be a better
benefit than the actual face to face, to be able to reach
more people more often.
Then there were nurses experienced in mHealth who thought it
could enhance the personal connection, as in,
I think the bond is actually a bit more in this program
than it was when I was a bedside nurse in some ways,
because you're getting more personal with the patient
about other aspects of their healthcare as well.
One nurse reported that she had done surveys about patient
satisfaction, provider satisfaction, and support staff satisfaction
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and “the surveys, they do come back that it’s similar if not better
than a face-to-face.”
The majority of physicians, and many pharmacists, thought
mHealth has the potential to improve personal connections.
This pharmacist’s statement represents a commonly expressed
example of how this could happen:
I think it would strengthen that relationship because
you could ask them about their apps and go through
it with them when they come other than just seeing if
they’re late using their prescriptions or late picking
them up or anything.
Some HCPs suggested a hybrid model so that mHealth could
supplement the personal connection, as in this physician’s
comment,
Do I think that it could totally replace it, absolutely
not...but can I see it being hand-in-and, absolutely.
This sentiment was supported by another physician:
I would like to see them for the initial consultation,
but I think for follow-up reports, you know, we could
save them great distances from travelling.
This was also supported by a nurse:
I think having regular face-to-face contacts
intermittently is still a very important part of
healthcare, and it’s something that I think will never
be completely removed.

There Are Possible Financial Barriers
HCPs had conflicting opinions about financial implications. A
few HCPs said some patients with COPD may not be able to
afford mHealth and do not have access to smartphones. One
physician expressed it this way,
Generally more patients with COPD are falling in
the lower socio-economic grouping that wouldn’t
necessarily be able to afford this.
A nurse with experience conducting mHealth programs endorsed
this concern by adding that only about 10% of participants may
remain in the mHealth intervention if the insurance company
stopped paying for the service.
In addition to individual patient costs, there is the initial cost
of establishing the infrastructure, including costs related to
storing data in the cloud. In addition, costs related to the
maintenance and replacement of outdated technology were
discussed, as reinforced by one nurse,
There’s a number of equipment across the province
that are nine years old, and if they die then there’s
no replacement.
In addition, some mHealth programs are limited to a certain
period. Participants may get medical devices (eg, blood pressure
monitors and pulse oximeters) that have to be returned for
cleaning to be used by other participants. One experienced nurse
complained that getting medical devices back from patients can
be problematic, as in:
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I have actually been at the plants, the facilities where
we get them back and clean them. Andcockroachesin
the boxes that were coming back and just swilled with
feces and blood and so on. It is just... They have been
horrendous.
Most physicians thought lack of time was a major challenge.
They mentioned time to learn about mHealth themselves, time
to teach patients, and time to review the results of the mHealth
intervention. One physician gave this example:
When you get a 12 page report on one patient and
you’re seeing 40 patients a day and you know time
constraints with the amount of work that you do
outside in terms of paperwork is already a burden.
Pharmacists had contradictory views about time. A few
pharmacists thought lack of time could be a barrier, as in:
Most pharmacists are quite busy as it is... I see the
workload potentially going up because now if patients
are using this they can’t forget to write things down
or lose what they documented. It’s all there for them,
so now they bring the information in.
Alternatively, other pharmacists thought that mHealth could
save time by collecting information required in advance “with
the expanded pharmacists role we’re building more time to
spend with our patients and in that sense we will have that time
to teach them and to monitor some of these new technologies
that are coming up.”
Lack of reimbursement and billing codes were also mentioned
as barriers. One experienced pharmacist explained:
...there’s not a whole lot of reimbursement for services
like this and like that’s the biggest barrier with most
things within the pharmacy profession...doing like
daily monitoring on patients like is time-consuming
and we definitely want to do it but unfortunately like
it does take time and resources and those resources
aren’t always available.
In addition, it was emphasized that the lack of billing codes for
mHealth is another financial barrier, as a physician insisted:
I mean we’re all so busy that nobody wants to do
anything for free because why would I do that for free
if I get paid for it. So that’s a barrier that has to be
overcome is that how do you change some of the way
physicians are paid. There’s no incentivizing the
optimized care as an example. If I do a poor quality
of care for my COPD patient or if I do an excellent
quality of care, it’s the same payment. So there’s a
problem with the system in that sense and physicians
in general would be resistant to sort of evaluate how
well they’re doing with their patients.

There Were a Few Challenges Mentioned by a Minority
of Health Care Providers
There were additional challenges that were mentioned by small
numbers of HCPs. For example, one physician thought patients
may gain “a false sense of security” about their health status,
owing to technology. Another physician voiced concern that,
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...some sub-groups of patients with anxiety might have
impaired quality of life because then they become
obsessed with that rather than actually just saying
okay that’s what they’re saying, I’m okay.
A pharmacist questioned validity:

There were a few barriers identified by the HCPs. Most of these
barriers have the potential to be resolved, as suggested by many
of the HCPs. Technical issues continue to be a challenge for
mHealth adoption, especially for rural areas and developing
countries that have poor connection network.

...the validity of the data would be something that
some people might question. I guess a lot of that
would depend on how straightforward the devices
are to use or how much training might be required
to make sure that they are using it correctly.
Motivation to continue using the intervention was also a
concern. A pharmacist wondered,

Comparison With Previous Work

I think getting patients to use it and use it often
enough might be difficult, depending on the patient.
A few pharmacists and physicians noted that many patients with
COPD are not motivated to manage their disease. One
pharmacist commented:
The biggest challenge I find with COPD patients, now
that’s the population that I deal with, is that they are
smokers and continue to smoke, the majority of them.
Their education level is probably a little bit on the
lower side and that’s related to the whole smoking,
right, that kind of thing, the socio-economic status of
the patient. So they’re not necessarily invested in
improving their health with a lot of effort, right.
They’ll take an inhaler, take a pill to help them get
better, but really changing their lifestyle and their
smoking is not high on their list.
One nurse highlighted that about 30% of patients dropped out
after using an mHealth intervention.

Discussion
Principal Findings
This qualitative study found that HCPs, in general, had a positive
attitude toward mHealth adoption for COPD management, but
several facilitators and barriers were identified. More barriers
were identified than facilitators, indicating a need to address
these barriers to optimize successful implementation of mHealth
interventions.
To facilitate mHealth uptake, our thoughts, based on the data,
are that both HCPs and patients need to understand the potential
benefits of the mHealth intervention. The interventions must
be easy to use for both patients and HCPs. This could reduce
the time and resources required to teach patients and providers
about the mHealth intervention. One physician stated that the
use of mHealth interventions could provide a false sense of
security, thereby keeping the user from seeking medical advice
in a timely manner. This concern along with the lack of
awareness concerned HCPs, an important finding is the need
for HCPs to teach patients about mHealth interventions. Some
HCPs thought there should be a designated person to teach
patients. It is preferable that these professionals have a
background in chronic disease management and technical
support.
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Although the numbers of HCPs using mHealth interventions
are growing, studies focusing solely on the frontline staff
perspective on mHealth are limited [36,46]. Some of the findings
presented in this study confirm findings that have been reported
previously in the context of mHealth for COPD management.
As Damhus et al [36] noted, HCPs reported technical issues as
a major challenge for mHealth adoption. Our findings are in
agreement with Vorrink et al [47], who stress the importance
of training patients and HCPs on the proper use of mHealth. In
this study, as well as other studies, we have noted that mHealth
will not replace face-to-face interactions [30,36,47]. In
agreement with Damhus et al [36] and Korpershoek et al [30],
we suggest that the expected benefits of using mHealth
contribute to the success of mHealth uptake, although our study
provides additional insight with regard to these perceptions.

Strengths and Limitations
There are several strengths of this study. First, this research is
based on a diverse sample of participants. It includes various
perspectives by presenting the views of nurses, pharmacist, and
physicians, including a respirologist. This human-centered
approach ensures that needs and challenges of different people
involved in the management of COPD can be considered before
developing an mHealth intervention. Second, some HCPs had
experience in using an mHealth intervention to manage COPD
which further increases the richness of the data. Third, all of
the interviews were conducted in a similar manner to ensure
consistency during the data collection and analysis. Finally,
mHealth is particularly important in geographic locations with
relatively large proportions of rural residents such as
Newfoundland and Labrador. mHealth may enhance care
provider access throughout sparsely populated rural areas.
Newfoundland and Labrador has a substantial remote and rural
population, therefore our results may be more applicable to rural
areas.
There were also several limitations. First, not all the HCPs had
experience with using mHealth. Thus, the perceptions of these
participants were not based on actual interventions with patients.
Second, we used only one data collection method, thus not
triangulating data collection. Conducting focus groups with
some of the participants following the individual interviews
could have yielded richer information as participants would
have been given the opportunity to compare their thoughts and
confirm or expand upon each other’s ideas. This would be a
recommendation for a future study.

Implications for Practice
The findings of this study provide insights into the barriers and
facilitators for using mHealth as a part of COPD management.
This information may help a variety of stakeholders who are
planning to use mHealth interventions for COPD management.
Lessons learned include the importance of raising an awareness
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among patients with COPD and HCPs regarding the potential
of mHealth interventions in COPD management. Professional
associations and universities could play a significant role in
raising an awareness of, and even introducing, mHealth in
undergraduate health professional curricula. It also may be
beneficial to designate an HCP, with a background in chronic
disease management and technical support, to teach patients
about mHealth.
The findings emphasize the importance of developing a
user-friendly mHealth intervention. This could reduce the time
and resources required to teach patients and providers about the
mHealth intervention. In addition, the lack of an internet
connection limits access to mHealth interventions, so this should
be taken into consideration when measuring access to health
resources in rural communities.
In terms of credibility, health organizations such as the Food
and Drug Administration, Health Canada, or the Canadian
Association for Drugs and Technologies should take an active
role in regulating mHealth interventions. These organizations
can develop their own app stores, similar to the Veteran Affairs
app store, to showcase credible mHealth interventions. In
addition, when developing mHealth interventions, it is important
to follow international guidelines for the exchange, integration,
sharing, and retrieval of electronic health information [48]. This
could help in addressing interoperability issues. Nevertheless,
these regulations should be implemented in a manner that
supports mHealth uptake.

Alwashmi et al

Recommendations for Future Research
Future studies would benefit from conducting focus groups with
some of the participants following the individual interviews.
Focus groups could yield richer information as participants
would be given the opportunity to compare their thoughts and
confirm or expand upon each other’s ideas. Furthermore,
including the perspectives of allied HCPs, such as
physiotherapists, social workers, and occupational therapists,
would be beneficial to understand the perspectives of
administrators (eg, information technology managers) who may
be able to identify some of the challenges with using mHealth
for COPD management. The authors have conducted a similar
study with a focus on the perspectives of individuals with
COPD. In addition, a future article will focus solely on the
features of the ideal mHealth intervention for COPD
management. After developing a user-centered mHealth
intervention, the authors recommend using a mixed methods
framework for usability testing [49].

Conclusions
It is important to understand the perceptions of HCPs regarding
the adoption of innovative mHealth interventions for COPD
management. This study identifies the facilitators and barriers
that may aid in the successful development and implementation
of mHealth interventions for COPD management. Lessons from
this study may also be applied to other chronic diseases.
Additional research is needed to investigate the conflicting
opinions regarding mHealth adoption by the elderly, the personal
communication between HCPs and patients, and the
cost-effectiveness of mHealth interventions in COPD
management.

Acknowledgments
The authors would like to thank Dr Gerard Farrell and Dr Hai Nguyen for their contribution. The findings presented here have
been made possible by the overwhelming dedication of nurses, pharmacists, and physicians who openly provided their creative
ideas and wishes. The authors would like to thank the Newfoundland and Labrador Medical Association, the Association of
Registered Nurses of Newfoundland and Labrador, and the Pharmacists' Association of Newfoundland and Labrador for their
efforts in recruiting HCPs. The authors would also like to acknowledge the support of Sequence bio. Research funding was
provided by the Saudi Arabian Cultural Bureau and Mitacs.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Health care provider interview prompts.
[DOCX File, 15KB-Multimedia Appendix 1]

References
1.
2.

3.

Steinhubl S, Muse E, Topol E. The emerging field of mobile health. Sci Transl Med 2015 Apr 15;7(283):283rv3 [FREE
Full text] [doi: 10.1126/scitranslmed.aaa3487] [Medline: 25877894]
Alwashmi M, Hawboldt J, Davis E, Marra C, Gamble J, Abu Ashour W. The effect of smartphone interventions on patients
with chronic obstructive pulmonary disease exacerbations: a systematic review and meta-analysis. JMIR Mhealth Uhealth
2016 Sep 1;4(3):e105 [FREE Full text] [doi: 10.2196/mhealth.5921] [Medline: 27589898]
Joe J, Demiris G. Older adults and mobile phones for health: a review. J Biomed Inform 2013 Oct;46(5):947-954 [FREE
Full text] [doi: 10.1016/j.jbi.2013.06.008] [Medline: 23810858]

http://mhealth.jmir.org/2019/6/e13950/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 6 | e13950 | p. 11
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
4.
5.

6.
7.
8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.
19.
20.
21.
22.

23.
24.

25.

Juen J, Cheng Q, Schatz B. A natural walking monitor for pulmonary patients using mobile phones. IEEE J Biomed Health
Inform 2015 Jul;19(4):1399-1405. [doi: 10.1109/JBHI.2015.2427511] [Medline: 25935052]
Zhang J, Song Y, Bai C. MIOTIC study: a prospective, multicenter, randomized study to evaluate the long-term efficacy
of mobile phone-based Internet of Things in the management of patients with stable COPD. Int J Chron Obstruct Pulmon
Dis 2013;8:433-438 [FREE Full text] [doi: 10.2147/COPD.S50205] [Medline: 24082784]
Murray CJ, Lopez AD. Alternative projections of mortality and disability by cause 1990–2020: Global Burden of Disease
Study. Lancet 1997 May;349(9064):1498-1504. [doi: 10.1016/S0140-6736(96)07492-2]
Canadian Institute for Health Information. Health indicators URL: https://secure.cihi.ca/free_products/
HealthIndicators2008_ENGweb.pdf[WebCite Cache ID 76gVKOWKJ]
Najafzadeh M, Marra CA, Lynd LD, Sadatsafavi M, FitzGerald JM, McManus B, et al. Future impact of various interventions
on the burden of COPD in Canada: a dynamic population model. PLoS One 2012 Oct;7(10):e46746 [FREE Full text] [doi:
10.1371/journal.pone.0046746] [Medline: 23071626]
Theriault L, Hermus G, Goldfarb D, Stonebridge C, Bounajm F. The Conference Board of Canada. 2012. Cost risk analysis
for chronic lung disease in canada URL: https://www.conferenceboard.ca/errors/500 [accessed 2019-06-04] [WebCite
Cache ID 78tLvpJ8j]
International Organization for Standardization. 2010. Ergonomics of human-system interaction - part 210: Human-centred
design for interactive systems (ISO 9241-210) URL: https://www.iso.org/standard/52075.html [accessed 2019-06-06]
[WebCite Cache ID 78vLE24w2]
Dennison L, Morrison L, Conway G, Yardley L. Opportunities and challenges for smartphone applications in supporting
health behavior change: qualitative study. J Med Internet Res 2013;15(4):e86 [FREE Full text] [doi: 10.2196/jmir.2583]
[Medline: 23598614]
World Health Organization. 2017. A handbook on how to implement mBreatheFreely, mHealth for COPD and asthma
URL: https://www.who.int/sorry/ [accessed 2019-06-06] [WebCite Cache ID 78vLTs12o]
Nelson L, Mayberry L, Wallston K, Kripalani S, Bergner E, Osborn C. Development and usability of REACH: a tailored
theory-based text messaging intervention for disadvantaged adults with type 2 diabetes. JMIR Hum Factors 2016 Sep
8;3(2):e23 [FREE Full text] [doi: 10.2196/humanfactors.6029] [Medline: 27609738]
Sarkar U, Gourley G, Lyles C, Tieu L, Clarity C, Newmark L, et al. Usability of commercially available mobile applications
for diverse patients. J Gen Intern Med 2016 Dec;31(12):1417-1426 [FREE Full text] [doi: 10.1007/s11606-016-3771-6]
[Medline: 27418347]
Gray SC, Khan A, Kuluski K, McKillop I, Sharpe S, Bierman AS, et al. Improving patient experience and primary care
quality for patients with complex chronic disease using the electronic patient-reported outcomes tool: adopting qualitative
methods into a user-centered design approach. JMIR Res Protoc 2016 Feb 18;5(1):e28 [FREE Full text] [doi:
10.2196/resprot.5204] [Medline: 26892952]
Hopkins IG, Dunn K, Bourgeois F, Rogers J, Chiang VW. From development to implementation—a smartphone and
email-based discharge follow-up program for pediatric patients after hospital discharge. Healthcare 2016 Jun;4(2):109-115
[FREE Full text] [doi: 10.1016/j.hjdsi.2015.11.003]
Triantafyllidis A, Velardo C, Chantler T, Shah SA, Paton C, Khorshidi R, et al. A personalised mobile-based home monitoring
system for heart failure: the SUPPORT-HF Study. Int J Med Inform 2015 Oct;84(10):743-753. [doi:
10.1016/j.ijmedinf.2015.05.003]
Upshur RE, Tracy S. Chronicity and complexity: is what's good for the diseases always good for the patients? Can Fam
Physician 2008 Dec;54(12):1655-1658 [FREE Full text] [Medline: 19074692]
Boyd CM, Fortin M. Future of multimorbidity research: how should understanding of multimorbidity inform health system
design? Public Health Rev 2010 Dec 10;32(2):451-474. [doi: 10.1007/BF03391611]
Miller D, Steele GC, Kuluski K, Cott C. Patient-centered care and patient-reported measures: let's look before we leap.
Patient 2015;8(4):293-299 [FREE Full text] [doi: 10.1007/s40271-014-0095-7] [Medline: 25354873]
Bender BG. Nonadherence in chronic obstructive pulmonary disease patients: what do we know and what should we do
next? Curr Opin Pulm Med 2014 Mar;20(2):132-137. [doi: 10.1097/MCP.0000000000000027] [Medline: 24452102]
Heffernan KJ, Chang S, Maclean ST, Callegari ET, Garland SM, Reavley NJ, et al. Guidelines and recommendations for
developing interactive eHealth apps for complex messaging in health promotion. JMIR Mhealth Uhealth 2016;4(1):e14
[FREE Full text] [doi: 10.2196/mhealth.4423] [Medline: 26860623]
DiDonato KL, Liu Y, Lindsey CC, Hartwig DM, Stoner SC. Community pharmacy patient perceptions of a pharmacy-initiated
mobile technology app to improve adherence. Int J Pharm Pract 2015 Jan 9;23(5):309-319. [doi: 10.1111/ijpp.12168]
Vorrink SN, Kort HS, Troosters T, Lammers JJ. A mobile phone app to stimulate daily physical activity in patients with
chronic obstructive pulmonary disease: development, feasibility, and pilot studies. JMIR mHealth uHealth 2016 Jan
26;4(1):e11 [FREE Full text] [doi: 10.2196/mhealth.4741]
Jo S, Park H. Development and evaluation of a smartphone application for managing gestational diabetes mellitus. Healthc
Inform Res 2016;22(1):11 [FREE Full text] [doi: 10.4258/hir.2016.22.1.11]

http://mhealth.jmir.org/2019/6/e13950/

XSL• FO
RenderX

Alwashmi et al

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 6 | e13950 | p. 12
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
26.

27.

28.

29.
30.

31.
32.
33.
34.
35.
36.
37.

38.
39.
40.

41.
42.
43.
44.
45.
46.

47.

48.
49.

Alwashmi et al

Smith SA, Claridy MD, Whitehead MS, Sheats JQ, Yoo W, Alema-Mensah EA, et al. Lifestyle modification experiences
of african american breast cancer survivors: a needs assessment. JMIR Cancer 2015 Aug;1(2) [FREE Full text] [doi:
10.2196/cancer.4892] [Medline: 26380378]
Chiang K, Wang H, Chien I, Liou J, Hung C, Huang C, et al. Healthcare providers’ perceptions of barriers in implementing
of home telecare in Taiwan: a qualitative study. Int J Med Inform 2015 Apr;84(4):277-287 [FREE Full text] [doi:
10.1016/j.ijmedinf.2015.01.007]
Ministry of Health and Long-Term Care. 2018. Regulated health professions - health workforce planning branch - health
care professionals URL: http://www.health.gov.on.ca/en/pro/programs/hhrsd/about/regulated_professions.aspx [accessed
2019-06-04] [WebCite Cache ID 78tMUz7wN]
Hepler CD, Strand LM, Tromp D, Sakolchai S. Critically examining pharmaceutical care. J Am Pharm Assoc (Wash)
2002;42(5 Suppl 1):S18-S19. [Medline: 12296538]
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 2018 Oct 4;18(1) [FREE Full text] [doi: 10.1186/s12913-018-3545-4]
Merriam S, Tisdell E. Qualitative Research. Fourth Edition. San Francisco, CA, US: Jossey-Bass; 2015.
Patton M. Qualitative Research & Evaluation Methods: Integrating Theory and Practice. New York: Sage Publications;
2015.
Creswell J. 30 Essential Skills for the Qualitative Researcher. Los Angeles: Sage Publications; 2016.
Emerson RW. Convenience sampling, random sampling, and snowball sampling: how does sampling affect the validity of
research? J Vis Impair Blind 2018 Dec 13;109(2):164-168 [FREE Full text] [doi: 10.1177/0145482X1510900215]
Maxwell J. Qualitative Research Design. Los Angeles: Sage Publications; 2013.
Damhus CS, Emme C, Hansen H. Barriers and enablers of COPD telerehabilitation - a frontline staff perspective. Int J
Chron Obstruct Pulmon Dis 2018;13:2473-2482 [FREE Full text] [doi: 10.2147/COPD.S167501] [Medline: 30154650]
Macdonald GG, Townsend AF, Adam P, Li LC, Kerr S, McDonald M, et al. eHealth technologies, multimorbidity, and the
office visit: qualitative interview study on the perspectives of physicians and nurses. J Med Internet Res 2018 Dec
26;20(1):e31 [FREE Full text] [doi: 10.2196/jmir.8983] [Medline: 29374004]
Brinkman S, Kvale S. InterViews: Learning the Craft of Qualitative Research Interviewing, Third Edition. Los Angeles:
Sage Publications; 2015.
Rubin H, Rubin I. Qualitative Interviewing: The Art of Hearing Data, Third Edition. Los Angeles: Sage Publications; 2012.
Leech NL, Onwuegbuzie AJ. Qualitative data analysis: a compendium of techniques and a framework for selection for
school psychology research and beyond. Sch Psychol Q 2008 Dec;23(4):587-604 [FREE Full text] [doi:
10.1037/1045-3830.23.4.587]
Saldaña J. The Coding Manual for Qualitative Researchers Third Edition. Los Angeles: Sage Publications; 2016.
Wolcott H. Writing Up Qualitative Research, Third Edition. Los Angeles: Sage Publications; 2009.
Yin R. Qualitative Research from Start to Finish, Second Edition. New York: Guilford Press; 2016.
Guest G, MacQueen K, Namey E. Applied Thematic Analysis. Los Angeles: Sage Publications; 2012.
Miles M, Huberman A, Saldaña J. Qualitative Data Analysis. Los Angeles: Sage Publications; 2014.
Brunton L, Bower P, Sanders C. The contradictions of telehealth user experience in chronic obstructive pulmonary disease
(COPD): a qualitative meta-synthesis. PLoS One 2015;10(10):e0139561 [FREE Full text] [doi: 10.1371/journal.pone.0139561]
[Medline: 26465333]
Vorrink S, Huisman C, Kort H, Troosters T, Lammers J. Perceptions of patients with chronic obstructive pulmonary disease
and their physiotherapists regarding the use of an eHealth intervention. JMIR Hum Factors 2017 Sep 19;4(3):e20 [FREE
Full text] [doi: 10.2196/humanfactors.7196] [Medline: 28928110]
HL7.org. 2018. Mobile health URL: http://www.hl7.org/Special/committees/mobile/index.cfm[WebCite Cache ID 76VIoguNi]
Alwashmi MF, Hawboldt J, Davis E, Fetters MD. The iterative convergent design for mobile health usability testing:
mixed-methods approach. JMIR Mhealth Uhealth 2019 Apr 26;7(4):e11656 [FREE Full text] [doi: 10.2196/11656] [Medline:
31025951]

Abbreviations
COPD: chronic obstructive pulmonary disease
HCD: human-centered design
HCP: health care provider
ISO: International Organization for Standardization
mHealth: mobile health
PI: primary investigator
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