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Abstract
Background: Many mobile health (mHealth) technologies exist for patients with heart failure (HF). However, HF mhealth
lacks evidence of efficacy, caregiver involvement, and clinically useful real-time data.
Objective:
We aim to capture health care providers’ perceived value of HF mHealth, particularly for pairing
patient–caregiver-generated data with clinical intervention to inform the design of future HF mHealth.
Methods: This study is a subanalysis of a larger qualitative study based on interviewing patients with HF, their caregivers, and
health care providers. This analysis included interviews with health care providers (N=20), focusing on their perceived usefulness
of HF mHealth tools and interventions.
Results: A total of 5 themes emerged: (1) bio-psychosocial-spiritual monitoring, (2) use of sensors, (3) interoperability, (4) data
sharing, and (5) usefulness of patient-reported outcomes in practice. Providers remain interested in mHealth technologies for HF
patients and their caregivers. However, providers report being unconvinced of the clinical usefulness of robust real-time
patient-reported outcomes.
Conclusions: The use of assessments, sensors, and real-time data collection could provide value in patient care. Future research
must continually explore how to maximize the utility of mHealth for HF patients, their caregivers, and health care providers.
(JMIR Cardio 2020;4(1):e18101) doi: 10.2196/18101
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Introduction
Nearly 6.5 million Americans have heart failure (HF), which is
a leading cause of death, associated with high medical costs
and poor quality of life [1]. In all its forms, HF is a chronic
condition often characterized by an unpredictable clinical
trajectory. HF therapies are complex, including as many as 5
categories of medications when optimized, on top of a variety
of possible devices meant to prevent sudden death, improve
quality of life and physical functioning, manage syndromes
occurring secondary to HF, or some combination of all 3
objectives [2,3]. HF management is thus similarly complex,
with alterations to treatment often occurring in response to
unsuccessful trials of treatment combinations or hospitalizations,
ultimately resulting in the consideration for transplant or
mechanical circulatory support [2]. Consistent and ongoing
patient-reported data are critical to understanding and predicting
clinical decompensation, and methods of capturing such data
have historically proven to be elusive [4,5].
The pace of technology continues to drive innovative HF
management strategies [6,7]. Consumer-facing mobile
technology (eg, wearables, mobile apps, and web-based
platforms), known as mHealth (mobile health), offers a modern
approach for HF symptom monitoring and psychosocial support.
Some of these approaches show promise in improving health
care services and health outcomes for patients with HF [8,9].
However, not all off-the-shelf technologies demonstrate
evidence of effectiveness or successful adoption [7,10,11].
Despite mixed reviews on their efficacy, enthusiasm for
emerging technologies continues among researchers and
interventionists [12]. The popularity with real-time interventions,
interoperability with electronic health records, and
personalization features persist, generating voluminous amounts
of data. The clinical usefulness of such robust data in practice
remains continually debated [13].
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Recruitment and Interview Procedure
Between September 2018 and February 2019, participants were
purposefully recruited [17] to partake in semistructured
interviews, which were audio-recorded and transcribed. Initially,
10 health care providers with expertise in the treatment of
patients with HF were recruited, with snowball sampling
methods used to identify an additional 15 providers. Of the 22
that agreed to participate, 20 health care providers from diverse
specialties (physicians, nurses, social workers, therapists, and
chaplains) participated in interviews. Semistructured interviews
were held in a location convenient to the participant and lasted
30-60 minutes.
An 18-question interview guide probed experiences related to
the discipline, training, and clinical work with HF. Graphical
depictions (ie, “wireframes”) of mobile app elements were
created to solicit provider opinions and reactions [18]. Various
in-app
features
included
physiologic
elements,
psychosocial-spiritual assessments, and links to possible
resources, beyond standard symptom monitoring. The research
team asked about perceived usefulness of mHealth tools for
care delivery and care coordination between family caregivers.
Participants were incentivized with a US $25 coffee-shop gift
card upon completion of the interview.

Analysis

This short paper describes preliminary findings from an ongoing
larger mixed-methods research study [14] designed to develop
an evidence-based HF mHealth intervention in partnership with
all health care stakeholders (ie, patients, caregivers, and
providers). The objective of this paper is to illustrate providers’
specific perceived value of HF mHealth, particularly when
pairing patient- and caregiver-generated data with meaningful,
timely, and effective clinical intervention. Future steps include
interviewing and co-designing with patients, health care
providers, and family caregivers.

Two research assistants (KF and KE) read all transcripts and
performed double coding procedures. An iterative team-based
approach was used to develop a codebook and coding structure
based on the research assistants’ epistemological position [19].
The codebook and coding structure were applied to the dataset
using Dedoose software (v8.035). Ongoing analysis meetings
occurred to validate findings and compare written notes and
memos. This consensus-building process ensured the team
bracketed their biases and remained reflexive throughout the
study. Interrater reliability was calculated for 6 randomly
selected transcripts (81% agreement, κ=0.725), reflecting
adequate coding consistency. Additionally, during analysis,
triangulation occurred to compile resources gathered from
interviews (eg, health education materials, mobile app resources,
and website suggestions). Until thematic saturation [20] was
reached, the research team clustered the codes into categories
using significant statements to describe the core essence among
participants’ perspectives and selected illustrative quotes
reflective of each theme. Member-checking occurred with HF
and digital health experts to determine trustworthiness of
findings.

Methods

Results

This study used a phenomenological [15] design to explore
health care providers’ experiences when developing HF
mHealth. The qualitative study took place at the University of
Colorado Anschutz Medical Campus within the University’s
health system—UCHealth. The research team consisted of 1
principal investigator (JDP) and 2 research assistants (KF and
KE) experienced in qualitative methods. The study adhered to
the Consolidated Criteria for Reporting Qualitative Research
(COREQ) [16] and was approved by the Colorado Multiple
Institutional Review Board.

Participants
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The sample included diverse health care provider specialties,
including advanced practice nurses (n=7), art/music therapists
(n=2), chaplains/spiritual care (n=2), physicians (n=4), registered
nurses (n=3), and social workers (n=2). Provider experience
ranged from 2 to 17 years (mean 9.78, SD 3.75) working with
advanced HF patients. All participants identified as White, 16
identified as female and 4 as male.
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Summary of Significant Statements
A total of 5 thematic clusters resulted from the qualitative
analysis. Summarized in Table 1, clusters include

bio-psychosocial-spiritual remote monitoring, using sensors
and mobile apps, interoperability, data sharing, and useful
heuristic preferences.

Table 1. Summary of themes with supporting quotes from participant feedback.
Theme

Illustrative quote

Bio-psychosocial-spiritual remote
monitoring

There are a lot of patients, there are a lot of caregivers for whom that stuff is really important. And they do
track things and I would imagine it could be really helpful for them going into their doctor to be able to have
this information [1012 – Spiritual Provider]
For me, from a provider perspective, this would help me feel connected. So, if I know the person uses it, likes
it, is comfortable with it, and I get immediate messaging about stuff going on, then I can intervene quickly.
So, I think from a provider perspective, there’s great comfort in knowing your patient is not heading to crisis.
And so, the continual updates are helpful. Balancing that with a lot of unnecessary information. [1005 –
Registered Nurse]
So—because when I see people long-term, we both get to the point where we have trouble remembering what
things were like six months ago. …And then you go, well, let’s look. That’s where I use data. Let’s look two
weeks ago. Two weeks ago, you were saying things were good. So, it hasn’t been bad for six months. You were
kind of good two weeks ago but now we’re having a blip. And that will encourage—that will give two things.
That will give people perspective on their disease, but it will also be huge for prognosis for a provider. [1005
– Registered Nurse]
I think symptom tracking is good because a lot of times whether you're the patient or the caregiver, both want
to know what symptoms to look out for to be causes of concern like when do I need to call my doctor, when
do I need to get to an emergency room. [1016 – Social Worker]

Sensor technologies and potential of
real-time data

If that’s one less thing the person has to enter, then I’m all for it. [1005 – Registered Nurse]
…for the most part I think that it’s really good because it empowers the patient to take control of their self.
[1019 – Advanced Practice Nurse]
So if you had somebody that had really high heart rates and said they didn’t feel well and that’s for a step like
who’s going to read that data, who’s going to get them in and is it the patient’s responsibility to still call and
say, ‘Hey, I feel terrible.’ [1011 – Advanced Practice Nurse]

Interoperability for a personalized
experience

…[if] they had a desire for [seeing a spiritual provider or social worker]; for there to actually be a vehicle
where they're not dependent on someone asking or them to think to ask for it. Maybe they didn't even know
they could. [1012 – Spiritual Provider]
So yeah, I don’t necessarily have to have my diet fitness app integrated with my heart failure app, per se. I’m
not sure there’s huge advantage to that, unless you're linking them somehow. So OK; so now I’m figuring how
much sodium there is and then my sodium on my fitness diet app is looking at my weight and saying, “Well
as it turns out, you say your weight’s going up and your sodium consumption over the last four days has been
4,000 milligrams a day, which is more,” and then you're like giving real-time feedback to the patient about
how, potentially, what they’re doing in terms of their health behaviors is affecting their objective measures.
That would be nice. That seems pretty complex, though.” [1018 – Physician]

Tailored assessment and sharing of
data

So, I see how it could be helpful for sure. But I just see the patient as potentially having some problems with
it. I see the caregiver as going oh, my gosh, aren’t I doing enough? And so, there can be guilt that this could
trigger. Used with the right people—and if you had the ability to (tailor) opt in or opt out of this feature, that’s
how you might be able to solve that. Some people would love it. I know they would. But I just don’t have a
good feel for the percentages on that and so maybe you just opt in or opt out. [1005 – Registered Nurse]
I think that’s an individual thing. Some caregivers, family members want to know everything like this and some
of them only want to know if something bad is going on. So, I guess that would be a decision between the patient
and the caregiver about what they wanted to do from that. [1011 – Advanced Practice Nurse]

Usefulness of patient-reported outcomes in practice

…in clinic now when I try to get a point across to the patients, I’ll graph some of the data and you can see it
taking off. And it’s really—I don’t know if it’s motivating to them, but they’re real interested in those trends.
[1020 – Registered Nurse]
I think the way this could be useful is just looking at trends. You know, if you were able to say well on Monday
this is how I felt and then on Thursday of that week, you don’t really remember what you put for Monday and
if you could track some sort of bar graph or something for your responses, all of a sudden you click on a
summary and it’s like oh, I’ve been a little tired for the last 12 days and I’ve been coughing and—or whatever
it is. [1000 – Registered Nurse]
…the problem is you have so many different users. You have users with visual impairment who listen to their
smartphone through their ear… It'd be cool if you could design the app where it’s sort of tailored to different
disabilities like see this for visually impaired or see this for hearing… [1015 – Physician]
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Bio-Psychosocial-Spiritual Remote Monitoring

Tailored Assessment and Sharing of Data

Many health care providers, especially clinical providers
(physicians and nurses), mentioned that some of their patients
already tracked HF symptoms in a variety of ways, most
commonly handwritten journals. In addition, several providers
discussed the value of this information for caregivers and the
utility of a mobile app for consolidating patient-reported
monitoring metrics, thus helping family members and caregivers
feel updated on their loved one’s condition. Psychosocial
assessments and questions about practical help, while less
interesting to clinical providers, were recognized as a way to
get a more well-rounded picture of patients with complex
chronic illness. However, a few participants raised concerns
about the utility of psychosocial assessment in a digital platform.
Concerns included the ability of an app to link patients to
reliable follow-up resources based on responses.

Many providers reported reliance on caregivers during patient
encounters as an additional perspective of patient health status
and as a secondary source when discussing care plans. Thus,
most providers agreed that caregivers having access to patient
data would be helpful. However, concerns were raised around
patient privacy and caregiver fatigue or guilt. Furthermore,
providers discussed varying preferences for specific caregivers;
and therefore, tailoring data-sharing options would be critical.

Sensor Technologies and Potential of Real-Time Data
Most providers were excited about sensor technology such as
weight tracking, home blood pressure monitoring, and physical
activity monitoring and its utility in minimizing patient-driven
data collection. A few providers mentioned technical difficulties
(eg, wireless access, end-user error) or practical challenges (eg,
ability to fit sensor-generated data monitoring into the clinical
workflow) in past experiences with sensor technology. While
most providers agree that this type of information is useful
during patient encounters, the ability to monitor the data was a
concern. The technology allows an abundance of data to be
collected 24 hours a day, 7 days a week via sensors with no
associated plan as to how to monitor that data; this was
consistently raised across provider specialties.

Interoperability for a Personalized Experience
Many providers discussed the potential to sync patient-generated
data with the electronic health record and patient portal.
However, many providers raised concerns about various
limitations to make this information useful to the care team and
caregivers. For example, a few providers reported that there are
many symptom-tracking technologies, which collect
patient-reported outcomes, currently linked to the electronic
health record but are rarely monitored on the clinical side.
Beyond clinical interoperability, providers discussed the ability
of HF mHealth to interface with other apps that provide
psychosocial support, reporting it to be useful to sync with other
commonly used apps (eg, mindfulness apps, music apps, Google
calendars, and shared-list apps). Most providers recommended
this would be more helpful than having an additional modality
to find resources. Many providers discussed the many existing
HF resources and raised the need for an app assessment to link
to actionable resources (eg, ask patient about medical power of
attorney and provide a web link to fulfill the need; provide
functionality to request a spiritual provider or social worker
based on remote monitoring responses). Such personalization
appeared advanced to providers. However, most of them
reported how interoperability would improve usability.
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Usefulness of Patient-Reported Outcomes in Practice
Providers almost unanimously preferred graphs showing trends
in HF symptoms and physiologic measures. Many providers
were concerned with facilitating data collection in a
patient-centered, noninvasive way that does not collect more
data than used. Suggestions to improve accessibility, language,
and literacy of assessment questions remained a key
consideration. In addition, several providers brought up
disabilities such as diminished eyesight or hearing among an
older population and discussed advanced technology features
such as voice activation integrated into an app to increase
accessibility of mobile apps in this population.

Discussion
This study reports provider experiences and opinions regarding
the development of HF mHealth that will maximize patient,
family, and provider clinical utility. Our findings suggest
providers remain interested in various innovative solutions for
HF patients and their caregivers. The use of assessments,
sensors, and real-time data collection could provide value in
patient care. However, providers remained skeptical of the
clinical usefulness of vast data and real-time patient reported
outcomes [7,21].
Although HF mHealth is increasing in popularity, concerns with
privacy, confidentiality, and overburden of electronic medical
record alerts with interoperable technologies may only
complicate the clinical practice [22,23]. This contradicts current
endorsements of real-time data generation in mHealth (eg,
just-in-time adaptive interventions and ecological momentary
interventions) to inform clinical decision making [24]. Instead,
we found that health care providers “…like the idea of it but,
personally, probably wouldn’t use it.”
In conclusion, future HF mHealth research must consider its
usefulness in practice for patients, caregivers, and health care
providers. Although innovative mHealth technologies offer
promise in improving HF outcomes and quality of life for
patients, the interventions and tools must remain relevant and
useful without causing an additional burden for the patient,
caregiver, and care team. With the increasing adoption of HF
mHealth, understanding multiple perspectives remains critical
for sustained engagement, thus improving the impact of HF
mHealth on patients, families, society, and the health care
system.
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