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Improving adoption and acceptability of digital health inter-
ventions for HIV disease management: a qualitative study
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Abstract
Disease management remains a challenge for many people 
living with HIV (PLWH). Digital health interventions (DHIs) may 
assist with overcoming these challenges and reducing burdens 
on clinical staff; however, there is limited data regarding meth-
ods to improve uptake and acceptability of DHIs among PLWH. 
This qualitative study aimed to assess patient and provider 
perspectives on the use of DHIs and strategies to promote 
uptake among PLWH. Eight focus groups with patients (k = 5 
groups; n = 24) and providers (k = 3 groups; n = 12) were con-
ducted May through October of 2014. Focus groups (~90 min) 
followed a semi-structured interview guide. Data were analyzed 
using thematic analysis on three main themes: (a) perspectives 
towards the adoption and use of DHIs for HIV management; (b) 
perceptions of barriers and facilitators to patient usage; and (c) 
preferences regarding content, structure, and delivery. Analyses 
highlighted barriers and facilitators to DHI adoption. Patients 
and providers agreed that DHIs feel “impersonal” and “lack 
empathy,” may be more effective for certain subpopulations, 
should be administered in the clinic setting, and should use 
multimodal delivery methods. Emergent themes among the pro-
viders included development of DHIs for providers as the target 
market and the need for culturally adapted DHIs for patient sub-
populations. DHIs have potential to improve HIV management 
and health outcomes. DHIs should be developed in conjunction 
with anticipated consumers, including patients, providers, and 
other key stakeholders. DHIs tailored for specific HIV subpop-
ulations are needed. Future studies should evaluate dissemin-
ation methods and marketing strategies to promote uptake.
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INTRODUCTION
Digital health technologies (digital health interven-
tions [DHIs]) are increasingly used to disseminate 
health information to patients across the health care 
system. Patients can access medical records online, 
communicate with treatment providers via email or 
chat, and receive patient education electronically 
[1]. There has been significant interest in the devel-
opment and testing of behavioral interventions deliv-
ered through digital platforms [2]. Uptake of these 
platforms may increase access to effective behav-
ioral interventions among underserved populations, 
which may lead to improved health outcomes and 
reduced health care expenditures.

Many people living with HIV (PLWH) experience 
comorbid medical and psychiatric complications [3, 
4], creating increased disease burden and decreased 
financial and social resources in the HIV treatment 
setting. Inadequate treatment adherence and reten-
tion remains a significant concern among PLWH [5, 
6]. HIV requires lifelong adherence to medication, 
regular attendance at clinic appointments, and fre-
quent completion of labs and blood work [7–10]. 
Management of HIV is further complicated among 
patients who experience treatment regimen fatigue, 
which is characterized by lapses in motivation to 
maintain adherence and continue with the pre-
scribed treatment protocol [11]. Novel approaches to 
prevention and treatment are needed to address the 
syndemic of medical and psychiatric complications 
among PLWH.

DHIs are unique in their potential to assuage treat-
ment burden by assisting patients and providers with 
management of HIV and other medical and psychi-
atric comorbidities. DHIs are cost-effective [12], flex-
ible, and can be delivered by computer [13], short 
message services (SMS) text-messaging [14–16], or 
smartphone applications [17, 18]. They have been 

Implications
Practice: Adoption of DHIs hinges on the ability 
of the tool to solve a problem for the providers 
such as improving care coordination or reducing 
practitioner’s time providing support services 
for patient self-management, and improving 
patient outcomes including medication adher-
ence, appointment attendance, and credible dis-
ease-specific education.

Policy: DHIs demonstrated to be effective in pro-
moting medical management of HIV should be 
identified and made available to providers, insur-
ers, and patients.

Research: Research needs to develop and test 
digital applications and tools that are designed to 
solve known problems for this patient population 
and test their effectiveness.
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used to re-engage patients in care, provide real-time 
adherence monitoring, increase motivation to pro-
mote health behavior change, and provide educa-
tion and support [19–21]. Additionally, DHIs may 
allow patients to receive behavior change interven-
tions who are unable to access intervention services 
due to lack of insurance coverage or transportation 
challenges.

As DHIs continue to be developed and tested, it 
is imperative that research highlights the limitations 
of uptake among this population to better inform 
implementation approaches. Barriers to adoption 
and implementation of DHIs among PLWH have 
not been identified in the extant literature. While 
the evidence for DHIs’ efficacy in research trials is 
positive overall and research in the area is growing 
rapidly, relatively little is known regarding patient 
and provider perspectives on the barriers to and 
use of these technologies. Baranoski and colleagues 
[22] compared patient and provider perspectives 
on the use of text messaging for HIV medication 
adherence. Both providers and patients reported 
text-messaging interventions as acceptable for pro-
moting adherence, with alarms and reminders for 
medication compliance described as most helpful 
for patients. The primary barriers to use of text mes-
saging interventions identified were patient apathy 
and additional burden on providers. Providers and 
patients can provide crucial insights to guide design, 
dissemination, and eventual adoption of DHIs into 
the health care context.

Better understanding of patient and provider pref-
erences for design and delivery of DHIs is neces-
sary for consumer uptake of evidence-based DHIs. 
Assessment of provider perspectives towards patient 
usage of DHIs may inform channels of dissemin-
ation and barriers to adoption. The current study 
extends previous research by examining patient and 
provider perspectives on DHIs to manage HIV dis-
ease. The aim of this qualitative study was to assess 
patient and provider: (a) perspectives towards the 
adoption of DHIs to assist patients in the manage-
ment of HIV; (b) perceptions of barriers and facili-
tators to patient uptake of DHIs; and (c) preferences 
regarding content, structure, and delivery of DHIs 
for HIV disease management.

METHODS

Target population
This qualitative study recruited PLWH engaged 
in care and healthcare providers working within 
the HIV community to participate in focus groups 
examining perspectives on the use of DHIs in the 
clinic setting. The patients were recruited from an 
academic immunology center in the Midwest dur-
ing Spring 2014. Patients were eligible for the study 
if they were (a) infected with HIV, (b) over the age 
of 18  years, (c) currently prescribed antiretroviral 

therapy (ART), and (d) fluent in English. Adults 
who were unable to consent and current clinic 
employees were not eligible to participate in the pa-
tient focus groups.

Healthcare providers were recruited from an aca-
demic immunology center and local HIV/AIDS 
service organizations in the Fall of 2014. Providers 
were eligible to participate if they (a) were over age 
18 years, (b) were employed full-time at a local HIV 
treatment setting, and (c) had more than 1 year of 
experience working with PLWH. Providers were not 
excluded based on their HIV status. We aimed to 
conduct the number of focus groups necessary for 
saturation of key themes.

Procedure
This study was conducted in accordance with pro-
cedures approved by the university’s Institutional 
Review Board.

Patient focus groups
Potential participants were screened for eligibility 
based on their electronic medical records (i.e., cur-
rently prescribed ART). After initial screening, 
they were contacted in-person during their sched-
uled clinic appointments. They were approached 
in the waiting room and led by a trained research 
assistant to a private area, where the research as-
sistant provided him/her with information about 
the study. Eligible participants were scheduled to 
attend a focus group. All participants were offered 
transportation assistance for their scheduled 
appointment.

Upon arriving for their scheduled focus group 
appointment, participants were escorted to a clinic 
conference room, where they met with the other 
focus group participants and research investiga-
tors. Prior to each discussion, participants reviewed 
study risks, benefits, and procedures with research 
staff and provided written informed consent. Focus 
group discussions lasted approximately 90  min, 
with an additional 30 min allocated for completion 
of questionnaires. A trained research assistant took 
notes during the groups to ensure the integrity of 
transcription. Following the group discussion, par-
ticipants completed a brief set of questionnaires 
regarding demographic and treatment character-
istics. Each participant received a $20 gift card for 
their participation and refreshments during the 
focus group.

Provider focus groups
Healthcare providers at each recruitment site 
received a recruitment flyer and an email with 
details about the study. Providers interested in par-
ticipating contacted the study staff, were screened 
for eligibility, and were scheduled for a time to 
attend a focus group. General procedures for pro-
vider focus groups were identical to those used in 
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the patient groups. Providers were compensated 
$40 for participation in the focus group.

Discussion guide
A semi-structured interview was used to guide both 
patient and provider focus group discussions. The 
interview guides for patients and providers differed, 
in that (a) the patient guide included a section assess-
ing technology knowledge, skills, and usage patterns 
and (b) the provider guide included a section assess-
ing barriers to delivering adherence interventions 
within the existing organizational structure. The 
guides were structured to assess participants’ initial 
perspectives of DHIs broadly, and then we provided 
a sample of intervention content (Table  3) to pro-
mote understanding and visualization of a program 
that could be delivered within the clinical setting. 
Open-ended questions were used to assess partici-
pants’ usage patterns of technology, barriers and 
facilitators in use of technology to facilitate treat-
ment adherence, preferences for digital health tools, 
and perceived utility of these tools. Participants in 
this study had not previously used a DHI, which is 
a product of limited access to DHIs in Ryan White 
funded HIV clinical settings. Thus, participants 
were provided a sample intervention with a list of 
proposed content (Table  3) to be included in a 
DHI designed for PLWH to facilitate understanding 
of DHIs.

Coding and data analysis
Focus group discussions were audio recorded, tran-
scribed verbatim, and reviewed for errors by trained 
research assistants. A preliminary coding structure 
was derived deductively from the interview agenda. 
Data were coded and analyzed using applied the-
matic analysis [23]. Three coders independently 
reviewed all transcripts and applied specific subtype 
coding to the coding structure inductively as themes 
emerged from the data. A  master codebook was 
finalized, and trained coders reviewed and coded all 
transcripts independently. The coders met to review 
and discuss code assignments, and any discrepan-
cies were discussed and reconciled. After consensus 
was reached, the final set of master codes for each 
transcript was entered into NVivo 10 [24]. Data 
analysis was iterative, using standard thematic ana-
lysis techniques, including open coding, marginal 
remarks, and memo-writing [23]. Themes related to 
the a priori research questions were extracted. Data 
for the patient and provider transcripts were coded 
separately. Authors KRC, EM, and MBM discussed 
and analyzed themes from patients and providers 
and triangulated impressions to determine the impli-
cations of the data. Analyses revealed the following 
themes: (a) perceived barriers to DHI adoption; 
(b) perceived facilitators to DHI adoption; and (c) 
recommendations to increase DHI uptake among 
PLWH.

RESULTS

Sample characteristics
A total of 24 PLWH engaged in care and 12 health-
care providers consented and participated in eight 
focus groups (five with patients, three with provid-
ers). See Table 1 for participant characteristics.

Patient focus groups
A total of 24 patients (83% male, mean age  =  47) 
across five focus groups (3–8 participants per group) 
completed the study. Half of the participants were 
non-White individuals, with an average of 68 months 
since initiating antiretroviral medications. Most had 
at least a high school education (79.2%) and almost 
half (n = 10) were never married and did not iden-
tify as being in a relationship at the time. Patients 
reported a range of technology usage patterns with 
a couple of participants reporting minimal use of a 
computer (e.g., only for vacation planning, barely 
turning it on), and one participant who had received 
a degree in computer engineering. Participants also 
reported a range of cell phone usage such that some 
participants had Smartphone devices and reported 
using mobile apps frequently, while others indicated 
using cell phones only to make phone calls or text 
message.

Provider focus groups
Three provider focus groups were conducted 
(n = 4–8 participants per group) among HIV provid-
ers in the community. The groups were stratified by 
provider type: (a) physicians/residents/nurse practi-
tioners; (b) nurses, counselors, social workers; and 
(c) case managers and outreach workers.

Perceived barriers to DHI adoption and usability

Patient-targeted DHIs
Both patients and providers noted that the usefulness 
of DHIs will vary as a function of the user’s level of ex-
perience and comfort with technology (see Table 2). 
Younger patient participants reported more enthu-
siasm to adopt such technology into managing their 
healthcare; however, older patient participants who 
reported limited knowledge and experience with 
smartphone devices and computers expressed little 
desire to learn to incorporate such a program into 
their health care. For example, several older patients 
reported being uninterested or frustrated by comput-
ers and mobile devices—“I deal with- and I’m there with 
my glasses, curser, you know, [Expletive], I  hit the wrong 
number and I have to move it- I mean, it’s just too much!”

Participants expressed concerns regarding pa-
tient motivation and attention, literacy, and privacy. 
Patients and providers perceived that poor atten-
tion spans, even among motivated patients, may 
prove to be a barrier to program completion: “I feel 
like the biggest challenge would be to keep them focused.” 
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Providers identified literacy issues for which an 
adherence nurse or clinic staff may be required to 
go through the program with patients, potentially 
increasing burden on clinic staff. Patients noted 
that too much information delivered through a 

mobile platform may be overwhelming and reduce 
motivation to use the program. Another issue iden-
tified by both patients and providers, particularly 
younger patients, was privacy and anonymity of the 
program. Patients did not want the program to be 
easily identifiable as an HIV-related program on 
personal devices, as this may result in unintentional 
disclosure of HIV status. Providers emphasized the 
need for such programs to be HIPAA compliant 
and pass security tests if there is an exchange of pa-
tient health information.

Both patients and providers noted that important 
health-related issues would be better addressed 
in-person with a healthcare provider who could an-
swer questions, address patient concerns, and pro-
vide empathy and support. Patients perceived that 
DHIs may feel “cold” and “impersonal.” Patients indi-
cated that social support is an important benefit of 
in-person interactions and they believed it would be 
challenging and likely impossible to translate this 
support through technology devices.

Providers indicated that continuous access to 
cell phones, data plans, and capability to download 
mobile applications may be potential barriers for 
certain subpopulations of PLWH (i.e., low socio-
economic status). These issues may be particularly 
salient among the subgroups most at-risk for treat-
ment drop-out and inadequate adherence, including 
people who use drugs or people who have significant 
mental health concerns. Providers were concerned 
that many patients may not have smartphones and/
or do not know how to operate advanced features, 
particularly the older generation of patients.

Provider-targeted DHIs
The development of DHIs designed for providers as 
the target market emerged as a theme among the 
provider focus groups. Participants expressed sev-
eral potential barriers including provider and clinic 
staff turnover, the need for checks and balances on 
both the patient and provider sides, and the poten-
tial for tasks to “fall through the cracks”. Providers 
expressed concern for diffusion of responsibility 
to occur among the team of providers which may 
result in tasks not being completed (e.g., failure to 
follow-up with a housing referral).

Perceived facilitators to DHI adoption and usability

Patient-targeted DHIs
Participants agreed that DHIs have the poten-
tial to improve certain aspects of treatment. 
Specifically, patients and providers noted that 
medication and appointment reminders would 
be helpful. Participants commented that DHIs 
may be most appropriate and more effective for 
newly diagnosed patients as a means of additional 
support during a challenging time when they are 
processing their HIV status, learning about HIV 

Table 1 | Patient (N = 24) and provider (N = 12) demographics

Variable Patient N (%) Provider N (%)

Participant sex
  Male 20 (83.3) 2 (16.7)
  Female 4 (16.7) 10 (83.3)
Ethnicity
  White 12 (50) 7 (58.3)
  African American/Black 8 (33.3) 2 (16.7)
  Hispanic/Latino 1 (4.2) 5 (41.7)
  American Indian 3 (12.5) 1 (8.3)
Employment Status
  Full time 7 (29.2) 12 (100)
  Part time 1 (4.2) 0
  Unemployed, seeking 2 (8.3) 0
  Unemployed, not seeking 2 (8.3) 0
  Disabled 12 (50) 0
Education
  Some high school 5 (20.8) —
  High school/GED 7 (29.2)
  Some college 6 (25)
  College 4 (16.7)
  Master’s level 2 (8.3)
Sexual orientation
  Bisexual 4 (16.7) —
  Gay/lesbian 12 (50)
  Heterosexual 5 (20.8)
  Undecided 1 (4.2)
  Prefer not to respond 2 (8.3)
Marital status
  Never married 10 (41.7) —
  Married 6 (25) 1 (8.3)
  Divorced 2 (8.3) 5 (41.7)
  Domestic Partnership 2 (8.3) 2 (16.7)
  Widowed 1 (4.2) 1 (8.3)
  Living with same-sex 

partner
2 (8.3) 1 (8.3)

  Living with opposite-sex 
partner

1 (4.2) 2 (16.7)

Employment title —
  Pediatric coordinator
  Case manager
  Health advocate
  Social worker
  Nurse practitioner
  Physician

Patient M (SD) Provider M (SD)
Age 47 (12.98) 39 (14.28)
How long prescribed  

ART (mos)
68.29 (69.95) —
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Table 2 | Emergent themes related to barriers and facilitators of digital health intervention (DHI) adoption

Patient 
perspective

Provider 
perspective Representative quote

Barriers to DHI adoption
  Patients attend-

ing to content
X X “People with short attention spans…they’re gonna be clicking 

through.” (Patient, FG 3);
“The biggest challenge would be to keep them focused because 

most of them, it’s hard to sit in one place for an extended 
amount of time.” (Provider, FG 6)

  Age & the 
“Digital Divide”

X X “For some people, yes, it’s [DHIs] going to work, but it’s more of 
an age group situation than who it will and won’t work for them, 
in my opinion.” (Patient, FG 1)

“The internet has become so complicated. I don’t wanna mess 
with all the passwords and all that kind of stuff.” (Patient, FG 4)

“It’s trying to make sure that you got the right fit for the right gen-
eration, or the right learning style, or the right communication 
style…because what works for me, won’t work for my mother, 
which isn’t gonna work for my son.” (Patient, FG 3)

  Impersonal X X “A computer’s not gonna talk to you.” (Patient, FG 2)
“I wouldn’t necessarily like it. I like the interaction of a human 

being.” (Patient, FG 4)
  Too much in-

formation is 
overwhelming

X “Like when after first finding out I think, um, it felt a little over-
whelming, seeing like this stack of papers, with all this infor-
mation on it. I feel like maybe seeing it maybe all in an iPad 
or something it would seem not like where I can go through it 
slowly or whatever but having a stack of papers where- with 
all this- telling me all this stuff about it- uh- it was a little over-
whelming sometimes.” (Patient, FG 3)

  Privacy and 
confidentiality

X X “A lot of people got that privacy issue. I would too…anybody can 
get hacked.” (Patient, FG 1)

  Length and 
frequency of 
program

X X “As long as it’s not like long. It’ll be like, oh, five minutes, oh, three 
minutes. Something short that they’ll learn something from it, 
but it’ll be like they sat through it all.” (Provider, FG 7)

  Patient Literacy X “I think if you have the adherence nurse or whoever this desig-
nated person is with that patient and you’re working along with 
a tablet that would be fine, but there are a lot of literacy issues 
with this population.” (Provider, FG 8)

  Patient & 
Provider 
Self-Motivation

X X “It would be a matter of the provider saying this app is available 
and then the person would have to be self-motivated to use the 
app.” (Provider, FG 8)

“Unless that physician knows about this program, what good 
does it do me?” (Patient, FG 4)

  Access to smart-
phones and 
data plans

X “They’re not gonna have that kind of phone…I mean the app is 
a great idea. Maybe when the government-issued phones get 
onboard and they start issuing the smartphones to the clients.” 
(Provider, FG 6)

Facilitators to DHI adoption
  Entertaining and 

appealing (i.e., 
interactive, 
games)

X X “Honestly, if y’all came out with this [sample intervention content] 
I wouldn’t take it…’cause it’s nothing really appealing to me, and 
I know everything that’s on here. I’m not saying that I know every-
thing, but my point is I’ll do it if it’s appealing.” (Patient, FG 4)

“Make it a game cuz I’ve got a lot of clients that’ll sit there on their 
phone and just be playing a game.” (Provider, FG 2)

  Include 
testimonials

X X “People that’s been [living with HIV] that’s still alive. Let them 
make tapes. You know, put ‘em on DVD. Include it with the 
packet, that way if they want they got it for backup. In case 
they don’t wanna read all that paperwork. They could look at 
testimonials.” (Patient, FG 2)

“Having advice. Maybe telling them what to do. Even have like a 
person to call if you need advice or stuff like that. Even having 
comments from other people that are going through the same 
situation.” (Provider, FG 7)
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Patient 
perspective

Provider 
perspective Representative quote

  Include peer 
mentors or 
in-person 
sessions as an 
adjunct

X X “If it would be like, maybe a class, and teaching people how to use 
it.” (Patient, FG 5)

“I would say, like she said, a number so they can call so they don’t 
feel like they’re talking to a machine which is what they feel ma-
jority of the time due to the fact that it can get so busy that you 
won’t speak to a client that you spoke to yesterday until next week 
or the week after and you’re like, oh snap, I have to call this client 
back, he left me a message two weeks ago.” (Provider, FG 7)

“I think patients like in-person sessions. They like having that re-
lationship. They like having that point person that they really 
connect with…I think to have that as your foundation because 
then they establish a relationship, and then maybe they have 
a couple of phone calls or a few, some text messages or some-
thing, and then this follow-up with the person again. In between 
they’re getting some of those things? I think that would be a pro-
gram that would be very attractive to patients.” (Provider, FG 8)

  Include educa-
tional content 
(i.e., nutrition, 
treatment 
options, medi-
cation, sub-
stance use)

X “The encouragement, the problem solving, social support, 
self-worth, coping with stress, depression, alcoholism and 
drugs. I think that would be something really good to have for a 
person coming in to this particular situation.” (Patient, FG 1)

“So if I get intoxicated enough that I throw up, you know, do I take 
my pill again?” You know, different things like that. I wish they 
were more educated on different circumstances from, like travel, 
like if you’re going into different time zones.” (Patient, FG 3)

  Include medica-
tion reminders

X X “Maybe some new app or something that has a better program in 
it for like – ‘Beep, beep. Take your medicine.’” (Patient, FG 3)

  Use as a plat-
form to initiate 
difficult topics 
of conversation

X X “Providers should come up with some way of giving the infor-
mation if you want it. Instead of, per se, you gotta come to the 
clinic and ask a doctor or a counselor, it just pop up on your cell 
phone.” (Patient, FG 4)

“Even my male doctor, I’ve had to say some things, and I gotta 
whisper to him. Then I am thinking, ‘Why am I so embarrassed 
to talk to him about this stuff?’ But I know that I have to, and 
I do, but a lot of people don’t. A lot of people can’t mention 
stuff, so the computer program might be something you might 
want to set up.” (Patient FG 1)

  Promote stand-
ardized con-
versations with 
patients

X “Two-fold…you can go and get additional information about that, 
if you so desire…it can also – the doctor can also [use it as] a 
promotional tool.” (Patient, FG 4)

“I mean I think I don’t think about it in this step wise approach, 
and I have more of a like a global just thought of what are the 
issues. Maybe a little motivational interviewing in an inter-
view, but I wouldn’t go through these things in such a meth-
odical way. Like I wouldn’t prioritize transportation, which 
I think is so smart. [Laughter]I mean, instead of exploring 
why don’t you take your medicine, just asking, ‘Can you make 
it to pick up your medicine? Can you make it to your appoint-
ments?’”(Provider, FG 8)

  Patient tracking 
and coordi-
nated care

X “Apps on the collaborative care side might be helpful for us, like 
managing our team-based approach. Some type of—and I’m 
so technologically not savvy, but some type of hub where we 
can upload information from each area that we’re covering.” 
(Provider, FG 8)

  Include scare 
tactics and 
personalized 
feedback for 
risk behaviors

X “We all know that the egg in the pan, that had some effect, 
though, that when they—“This is your brain on drugs.” You 
know what I mean? Actual “This is gonna happen,” you know 
what I mean? The stuff that’s going to happen—you know 
what I mean? If you continue to—you know what I mean?—ac-
tually seeing or I don’t know, but cuz I remember that egg in 
the pan.” (Provider, FG 6)

Dissemination methods to increase uptake

Table 2 | Continued
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treatment, and making lifestyle changes. “After first 
finding out [HIV status] I think, um, it felt a little over-
whelming, seeing like this stack of papers, with all this 
information on it. I feel like maybe seeing it maybe all in 
an iPad or something it would seem like where I can go 
through it slowly…” Patients noted that digital tools 
would decrease the need for paper-based educa-
tional materials and resource handouts. A  recur-
ring theme among patients was the belief that you 
can never have too much education and repetition 
of information is important which is an added 
benefit of DHIs.

Participants highlighted the need to justify the 
credibility and value of such a program in order to 
solicit patient buy-in and increase program utiliza-
tion. Patients reported using the internet to increase 
their HIV-related knowledge; however, they were 
concerned that the sources were not credible and 
viewed DHIs as a solution to being confident in the 
credibility of the source. Both patients and provid-
ers noted that DHIs may promote patient-provider 
discussion of uncomfortable topics. “Yeah, a lot of 
doctors don’t bring up this stuff. I have to bring this stuff 
up, and I’m bashful about certain things I talk about, even 
though he’s my doctor…”

Patients identified several helpful topics in add-
ition to the topics provided in the sample interven-
tion: nutrition, reviewing HIV treatment options 
and services throughout treatment, medication edu-
cation, and testimonials regarding patients’ experi-
ences living with HIV. Patients noted that a harm 
reduction approach to address drug and alcohol 

misuse and medication adherence would be helpful: 
“So if I get intoxicated enough that I throw up, you know, do 
I take my pill again?” Furthermore, patients reported 
wanting the opportunity to share their story and help 
personalize the program. Suggestions included hav-
ing a “narrative” section allowing patients to write 
his or her own story related to HIV or provide an ad-
vice section that future program participants would 
be able to view and learn from their experiences.

Providers perceived the use of scare tactics (e.g., 
‘this is your brain on drugs’ commercials), personal-
ized feedback interventions for risky behaviors (e.g., 
substance use), and developing an “action plan” 
for uncertain situations (e.g., drinking to intoxica-
tion and taking medications) as being useful con-
tent to include in patient-targeted DHIs. Providers 
suggested that providing patients with education 
regarding the different roles of healthcare providers 
(e.g., case managers, social work, physician, nurse) 
and strategies to navigate the healthcare system may 
improve patient ownership of their healthcare.

Provider-targeted DHIs
Participants noted minimal knowledge of such pro-
grams beyond electronic health record systems and 
indicated the potential for such programs to improve 
clinic work flow and patient care. Providers liked 
the stepwise structure of the content outlined in the 
sample intervention as it provided a desired “…frame-
work when I’m going through issues with adherence” and 
promoted a standardized discussion between patients 
and providers of important HIV management topics. 

Patient 
perspective

Provider 
perspective Representative quote

  Completion in 
the clinic

X X “Do the IPad in the examination room. There’s sometimes you sit 
back there quite a bit before you see the doctor.” (Patient, FG 2)

  Language X X “I would always tell my doctor, ‘Would you please Ghettofy [sim-
plify] that for me because I’m not understanding what you’re 
sayin’.” (Patient, FG 2)

“Are you looking to broaden that and not just be English? 
Because there’s other cultures that might have HIV, like Latino, 
Cambodian, African… Because not everybody speaks English. 
This is America.” (Provider, FG 6)

  Multiple delivery 
modalities

X X “[Also}, give them a CD that way they can use it on down the road 
if they want.” (Patient, FG 2)

“I’m not savvy on the computers so, the DVD I think, everybody’s 
got a DVD.” (Patient, FG 2)

  Target younger 
PLWH or newly 
diagnosed

X X “I think, would be great for someone that’s just starting on 
their meds and dealing with it. But, you know- but, as far as 
someone in my position, these things have all been figured out 
long ago.” (Patient, FG 1)

  Waiting room 
televisions 
as educa-
tional tools 
instead of TV 
programming

X X “I know some places have programming on the TV that it’s about 
their clinic, but they make it a show and they’ll entertain [the pa-
tient] while they’re waiting, and you don’t even realize it’s there 
and you’re watching it. I think that’ll help them.” (Provider, FG 7)

“They’ve got two TV screens in the waiting room here at the 
lobby. Instead of having a computer program that’s interactive, 
just have something that’s running. That’s your program base 
that’s informational that you can read.” (Patient, FG2)

Table 2 | Continued
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Providers noted such a framework would ensure all 
important topics were discussed with each patient 
and promote initiation of more challenging topics 
that providers reported frequently avoiding or over-
looking during appointments (e.g., substance use, ad-
herence, transportation challenges).

Providers highlighted the potential utility of 
DHIs to improve provider communication and pa-
tient tracking throughout the HIV care continuum. 
Specifically, providers expressed desire for a DHI 
that could be accessed through a smartphone or 
tablet device. “Apps on the collaborative care side might be 

helpful for us, like managing our team-based approach. Some 
type of hub where we can upload information from each area…
[have] total access to what’s going on…we need some sort of 
tracking device and hubs for our information.” There was 
consensus among physicians and other advanced 
care practitioners for use of a DHI for tracking patient 
referrals and services currently in place for patients 
that are not logged in electronic health record sys-
tems (e.g., addiction treatment services). Providers 
suggested having a database with easy access to re-
ferral contact information in an effort to “help make it 
more navigable for the patient.” The providers noted that 

Table 3 | Sample intervention shown to participants

Module Description of topics covered in each step

Step 1: Education & Introduction • � The role medication plays in successful treatment of HIV
• � Increase your knowledge about HIV and medications
• � Increase your confidence to properly take your medications
• � Learn ways to help problem-solve situations that make it difficult to 

take your medications.
Step 2: Transportation to Appointments • � Resolutions and problem-solving transportation issues

• � Provides examples of ways to increase the chances of remembering 
appointments and medications

Step 3: Obtaining Medications • � Develop a plan for continuing to get your medication
• � Privacy and confidentiality concerns when talking to the pharmacist 

or other healthcare providers
Step 4: Communicating with Health Care Providers • � Techniques and strategies to help make you more comfortable with 

asking health care providers’ questions.
Step 5: Coping with Side-Effects • � Develop a treatment schedule for taking medications with the help 

of your doctor to minimize side effects
• � Rethink the meaning of side effects (e.g., medications are in your 

bloodstream and working)
• � Discuss the importance of taking medications despite the side 

effects
Step 6: Formulating a Daily Medication Schedule • � Create a detailed schedule of an average day of pill-taking

• � Consider things such as where you are and what you are doing at 
different times

• � Create reminders to take your medications throughout the day 
based on your schedule

Step 7: Storing Medications • � Safe and proper medication storage for when you are not at home.
Step 8: Cues for Pill-Taking • � Provided colored adhesive dots that act as reminders for you to take 

your medications.
• � Where to place colored adhesive dots
• � Other reminders (e.g., alarms and different ways of thinking about 

taking medications)
Step 9: Response to Slips in Adherence • � Dealing with slips and forgetting to take your medications

• � How to avoid ways of thinking that can impact your adherence
Step 10: Review • � Review earlier steps through a short 10-question quiz

• � Provided correct answers for any questions answered incorrectly
HIV Beliefs • � Beliefs and myths that some people have about HIV and medications
Encouragement • � Strategies for staying motivated to meet your goals for taking 

medications
Problem Solving • � Problem-solving skills regarding HIV and medications
Social Support • � Strengthen the support you get from people around you
Self-Awareness • � Skills to feel confident that you can do what your doctors 

recommend
Coping with Stress • � Stress reduction, and ways to relax and not worry so much
Depression • � Dealing with sadness and depression
Alcohol and Drugs • � How alcohol and drug use impacts HIV medications and ways to re-

duce use
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having community-based referral information readily 
available via DHI during the clinic appointment may 
improve clinic work flow by preventing unnecessary 
referrals to case managers or social workers.

Perspectives to promote uptake

Program structure
Providers identified several important program 
features to promote uptake among patient-targeted 
DHIs. Providing adapted versions of HDIs that are 
sensitive to language (e.g., primarily Spanish) and cul-
tural diversity would likely increase reach and accept-
ability among the target population. Additionally, 
incorporating motivational interviewing strategies 
into the DHI for topics related to adherence and sub-
stance use may prove valuable. Providers discussed 
the pros and cons of varying program durations, with 
mixed preferences on most effective program length. 
“They wouldn’t want to sit ten times for one hour, but if you 
had a longer session the first time and then said every time 
you come back, if it’s a weekly appointment for this interven-
tion, if they knew that today is 40 minutes, but every subse-
quent appointment is gonna be 20 or 25 or something like 
that, they might be more willing to enroll in a program that 
was structured that way. Because they’re always in a hurry.” 
On the other hand, patients expressed concern that 
a multi-session program delivered in the clinic is un-
realistic and noted that most patients would likely 
only complete one session of a program.

Patients and providers noted that having an 
in-person follow-up to the DHI program may over-
come the lack of empathy provided by a DHI and 
might be a nice adjunct to such a program. For ex-
ample, patients recommended having a mentor who 
is also living with HIV (similar to a sponsor model in 
Alcoholics Anonymous). Providers suggested engag-
ing family members or people within the patient’s 
immediate social support network in the DHI pro-
gram. There was consensus among participants that 
users of the DHI may require basic technology edu-
cation upon initiation of the program.

Delivery modality
Participants agreed that making DHIs accessible via 
multimodal delivery methods may increase uptake 
and acceptability (e.g., web-based vs. mobile platform 
vs. DVDs). Patients indicated that this may accom-
modate the range of technological literacy among 
patients. Both patients and providers recommended 
utilizing existing technology within the organiza-
tional structure to provide educational information. 
Specifically, they suggested using clinic televisions to 
provide basic HIV-related educational information 
(e.g., healthy vs. unhealthy viral load or CD4 counts). 
Patients reported that they would prefer this type of 
programming to general television programming.

Providers identified the environment in which 
DHIs are delivered as important. They noted that 

a group setting that is not too “school-like” may be 
a useful delivery format that promotes program mo-
tivation and sustained attention; however, providers 
emphasized that this delivery modality should not 
encompass didactics and lecturing, rather it should 
promote group member involvement through activ-
ities and discussion. Regardless of delivery method, 
providers agreed that requiring completion of the 
program in the clinic setting (rather than at home) 
would ensure the highest completion rates.

Patients expanded on the provider perspectives 
through identification of several additional com-
ponents. Specifically, patients noted that the use of 
veteran HIV patients to deliver educational infor-
mation (i.e., “testimonials”) would decrease reading 
demand and thereby alleviate literacy barriers, pro-
mote attention to the program, and increase person-
alization. Additionally, they suggested delivering 
the intervention on a tablet device while patients are 
in the exam room waiting for the doctor. Patients 
reported that this strategy may increase program 
completion and privacy. Patients recommended 
providing a copy of the digital health tools for those 
who want to review it later or would like to share the 
information with friends and family. 

DISCUSSION
The present study examined patient and provider 
perspectives on the use of DHIs to assist with HIV 
disease management and strategies to promote up-
take and acceptability among PLWH. Focus groups 
included discussions on the utility of DHIs, barriers 
and facilitators to program usage, and content pref-
erences. DHIs have not been widely disseminated 
in HIV clinical settings; consequently, participants 
in this study did not have prior experience with 
HIV-related DHIs. However, participants were fa-
miliar with other health-related mobile applica-
tions. Participants in this study were provided with 
a sample of intervention content (Table 3) and were 
asked to describe their preferences related to the 
delivery of this intervention. Understanding patient 
and provider concerns and preferences for DHIs is 
an important step in informing the development of 
DHIs and implementation approaches to increase 
uptake and acceptability in HIV clinical settings. 
In general, both patients and providers perceived 
DHIs as having utility to assist patients in manag-
ing HIV disease; however, several concerns were 
expressed that should be considered among devel-
opers of DHIs and among clinicians who prescribe 
or recommend DHIs to their patients.

Patients described a need for increased social sup-
port and a desire for empathic in-person interaction 
as important components that DHIs may not be able 
to provide. Patients and providers expressed con-
cern about DHIs feeling “cold” and “impersonal.” 
This could be a product of patients’ repeated expe-
riences with in-person interactions with treatment 
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providers in the clinic setting. Alternatively, patients 
may have been unable to visualize different types of 
DHI programs and how they might be used to either 
assist in communication with providers or as a tool 
to help the patient manage HIV treatment. Inclusion 
of videos and audio of providers may lessen this 
concern. Further, enabling coaching via in-app mes-
saging or FaceTime may eliminate this concern. 
Patients also noted that structuring the program to 
include patient testimonials and narratives would 
promote content interest. It is possible that DHIs 
may prove most effective as an adjunctive treatment 
component. For example, patients may benefit most 
from the use of DHIs in conjunction with in-person 
interactions delivered by patient navigators, case 
managers, or adherence nurses in the clinic setting. 
Research is needed to better understand how to pro-
mote “empathy” and a “personal touch” through use 
of DHIs. Intervention developers should consider 
inclusion of coaching components in smartphone 
applications that have the capability of providing 
patients with support and feedback in real time from 
credible personnel.

Providers should assess certain patient charac-
teristics to appropriately prescribe specific digital 
health tools to patients. Patients with attention chal-
lenges may benefit from short, incremental interven-
tion delivered in the clinic setting. Patients with less 
technology experience may be intimidated by intro-
ducing new forms of technology; thus, prescribing 
DHIs using technology platforms that the patient 
has experience with is essential to promoting adop-
tion. Providers should assess psychosocial factors 
that may impede DHI usage such as limited access 
to smartphones and data plans, patient literacy and 
language/cultural barriers, and patient concerns 
regarding privacy and confidentiality.

One emergent theme during the provider focus 
groups was the need for technology-based tools be-
yond electronic health record systems designed spe-
cifically for treatment providers. There are over 200 
HIV-related mobile health applications marketed 
for PLWH on either android or apple platforms. 
A review of mobile applications found that only 55 
applications promoted HIV prevention and care 
services, and the majority of these apps focused on 
providing disease-specific educational information 
only. No mobile applications were identified for 
treatment providers as the target market [25].

Providers indicated potential for DHIs to promote 
a team-based approach to patient care, particularly 
when coordinating care with treatment providers 
located at off-site clinics or to assist with referrals and 
patient tracking. Such portable applications could 
allow for real-time patient tracking of services and 
on-demand access to content or services to enhance 
care coordination. This technology has the poten-
tial to overcome cracks in a fragmented healthcare 
system and increase clinic efficiency, work flow, and 

communication among interdisciplinary providers. 
Further, these technologies may provide a means 
of monitoring high-risk patients and promoting 
quicker re-engagement in care upon treatment drop-
out. Future studies should further evaluate provider 
and systems-level challenges by which DHIs can 
reduce. Providers in this study highlighted gaps in 
care coordination and patient tracking across the 
care continuum. There is a need to improve existing 
electronic health record systems to accommodate 
provider communication across sites and ability to 
track patient referrals and appointment attendance 
across multiple health care systems.

Results from this study indicated that patients want 
to be informed about their healthcare; however, feel-
ing overwhelmed, difficulty with initiating sensitive 
topics, and lack of patient-provider communication 
are barriers to sustained collaboration throughout the 
course of treatment. Considering the lifelong nature 
of HIV, promotion of a collaborative relationship be-
tween patients and providers may improve long-term 
treatment engagement and retention. DHIs may be 
helpful in supporting this type of patient-provider re-
lationship. Some patients may feel more comfortable 
expressing concerns or asking important health-re-
lated questions through the use of technology. DHIs 
have the potential to reduce communication barri-
ers among patients and providers. Previous studies 
among healthcare providers have noted concerns 
with increasing patients’ access to methods of commu-
nication, mostly due to fear of increased work load for 
providers as a result of increased emails and messages 
[26, 27]. Mid-level providers may be ideally suited to 
provide this type of additional support to patients via 
technology without significantly increasing workload 
burden. The inclusion of decision trees and identifi-
cation of relevant resources for patients may promote 
autonomy and self-efficacy to navigate the healthcare 
system, thereby decreasing patient reliance on clinic 
personnel.

LIMITATIONS
Findings from this study should be considered in 
light of several limitations. Consistent with the ex-
ploratory and qualitative nature of this study, the 
sample size was small and nonrandom. Patient par-
ticipants were recruited from a single urban HIV 
clinic, limiting the generalizability of these findings. 
However, participants in this study reported a range 
of variability in technology usage patterns and fa-
miliarity, which provided unique insights. Future 
studies should assess perspectives of DHIs among 
patients not actively engaged in care to determine 
unique needs associated with that specific subpop-
ulation. In this study, provider experience and com-
fort with technology was not assessed. Additionally, 
we did not reach saturation among the provider 
focus groups in regards to DHIs designed for provid-
ers as the target market, and were unable to conduct 
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additional focus groups to explore this emergent 
theme due to funding limitations and recruitment 
challenges with providers. However, we reached 
data saturation in regards to the a priori research 
themes. This study focused on patient-level inter-
ventions; therefore, themes which emerged based 
on provider-level interventions need to be explored 
in future studies.

CONCLUSIONS
This study sought to understand patient and pro-
vider perspectives on the use of DHIs for HIV dis-
ease management and methods to improve uptake 
among PLWH. DHIs should be developed with 
input from consumers, including patients, providers, 
and key stakeholders (e.g., clinic directors). Methods 
to increase engagement and appeal to the target 
audience are essential for widespread uptake of 
DHIs. Developers of DHIs should take into account 
the target population’s learning style and level of 
education. Specifically, DHIs providing primarily 
didactic information or using PowerPoint may not 
be suited for participants with limited literacy. The 
use of interactive games or activities may better pro-
mote learning and interest among such populations. 
Further, DHIs are likely most beneficial for certain 
subpopulations of PLWH, which may include indi-
viduals who are more tech savvy, younger, or newly 
diagnosed.

Research is growing in the development and test-
ing of DHIs; however, the field continues to lack an 
understanding regarding for whom DHIs are best 
suited and in what capacity DHIs should be delivered 
to promote optimal uptake and widespread dissemin-
ation. Future research should establish for whom DHIs 
are most effective. Cost-effectiveness studies may also 
establish the utility of DHIs among patients with lim-
ited access to technology devices (e.g., Smartphones 
with data capabilities). Developers should also con-
sider provider-targeted DHIs to improve clinic work 
flow and patient care capacity. Thus, providers and 
clinic staff may be an optimal target population for 
such tools. Finally, future research should evaluate 
core elements of DHIs for HIV-related disease man-
agement and develop culturally-tailored DHIs for 
key populations (e.g., newly diagnosed, substance 
abusing populations). There exists a need to develop 
effective patient-level DHIs that providers can feel 
confident in prescribing to their patients for assist-
ance with managing HIV disease.

Acknowledgments: This was an investigator-initiated study supported 
in part by grant numbers K23 DA039037 and T32 DA007097 from 
the National Institute on Drug Abuse, T32 AA007459 from the National 
Institute on Alcohol Abuse and Alcoholism at the National Institutes of 
Health, and HR-13–140 from the Oklahoma Center for the Advancement of 
Science and Technology. The funders played no role in the design, conduct 
or analysis of the study, nor in the interpretation and reporting of the study 
findings. All authors had full access to all of the data in the study (including 
statistical reports and tables) and can take responsibility for the integrity of 
the data and the accuracy of the data analysis.

Authors contributions: K.R.C. is the Principal Investigator for the study, led 
the conceptualization of the study and the drafting of the original grant pro-
posal, and developed a first draft of the manuscript. T.L. is a co-investigator 
and contributed to conceptualization of the study. E.M. contributed to writing 
the initial draft of the manuscript. M.B., E.L., and E.B. contributed to writing 
successive drafts of the manuscript. All authors read and approved the final 
manuscript.

Ethics approval: This study has been approved by the Oklahoma State 
University Health Sciences Center Institutional Review Board.

Informed consent: Informed consent was included from all participants in 
the study.

Conflict of interest: Kasey R. Claborn, Ellen Meier, Mary Beth Miller, Eleanor 
L. Leavens, Emma I. Brett, and Thad Leffingwell have no conflict of interest 
to report.

References

1.	 Free C, Phillips G, Watson L, et  al. The effectiveness of mobile-health 
technologies to improve health care service delivery processes: a sys-
tematic review and meta-analysis. PLoS Med. 2013; 10(1): e1001363.

2.	 Catalani C, Philbrick W, Fraser H, Mechael P, Israelski DM. mHealth for 
HIV treatment & prevention: a systematic review of the literature. Open 
AIDS J. 2013; 7: 17–41.

3.	 Blank MB, Mandell DS, Aiken L, Hadley TR. Co-occurrence of HIV and 
serious mental illness among medicaid recipients. Psychiatr Serv. 2002; 
53(7): 868–873.

4.	 Rosenberg SD, Goodman LA, Osher FC, et al. Prevalence of HIV, hepa-
titis B, and hepatitis C in people with severe mental illness. Am J Public 
Health. 2001; 91(1): 31–37.

5.	 Risher K, Mayer KH, Beyrer C. HIV treatment cascade in MSM, people who 
inject drugs, and sex workers. Curr Opin HIV AIDS. 2015; 10(6): 420–429.

6.	 Van Beckhoven D, Lacor P, Moutschen M, et al. Factors associated with 
the continuum of care of HIV-infected patients in Belgium. J Int AIDS Soc. 
2014; 17(4): 19534. doi:10.7448/IAS.17.4.19534

7.	 Bangsberg DR, Moss AR, Deeks SG. Paradoxes of adherence and drug 
resistance to HIV antiretroviral therapy. J Antimicrob Chemother. 2004; 
53(5): 696–699.

8.	 Lima VD, Geller J, Bangsberg DR, et al. The effect of adherence on the asso-
ciation between depressive symptoms and mortality among HIV-infected 
individuals first initiating HAART. AIDS. 2007; 21(9): 1175–1183.

9.	 Nakagawa F, May M, Phillips A. Life expectancy living with HIV: recent 
estimates and future implications. Curr Opin Infect Dis. 2013; 26(1): 
17–25.

10.	 Samji H, Cescon A, Hogg RS, et  al.; North American AIDS Cohort 
Collaboration on Research and Design (NA-ACCORD) of IeDEA. Closing the 
gap: increases in life expectancy among treated HIV-positive individuals in 
the United States and Canada. PLoS One. 2013; 8(12): e81355.

11.	 Claborn KR, Meier E, Miller MB, Leffingwell TR. A systematic review of 
treatment fatigue among HIV-infected patients prescribed antiretroviral 
therapy. Psychol Health Med. 2015; 20(3): 255–265.

12.	 Griffiths F, Lindenmeyer A, Powell J, Lowe P, Thorogood M. Why are 
health care interventions delivered over the internet? a systematic re-
view of the published literature. J Med Internet Res. 2006; 8(2): e10.

13.	 Claborn KR, Fernandez A, Wray T, Ramsey S. Computer-based HIV ad-
herence promotion interventions: a systematic review: translation 
Behavioral Medicine. Transl Behav Med. 2015; 5(3): 294–306.

14.	 Ammassari A, Trotta MP, Shalev N, et al. Timed short messaging service 
improves adherence and virological outcomes in HIV-1-infected patients 
with suboptimal adherence to antiretroviral therapy. J Acquir Immune 
Defic Syndr. 2011; 58(4): e113–e115.

15.	 Finitsis DJ, Pellowski JA, Johnson BT. Text message intervention designs 
to promote adherence to antiretroviral therapy (ART): a meta-analysis of 
randomized controlled trials. PLoS One. 2014; 9(2): e88166.

16.	 Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text 
messaging for promoting adherence to antiretroviral therapy in patients 
with HIV infection. Cochrane Database Syst Rev. 2012; (3): CD009756. 
doi:10.1002/14651858.CD009756.

17.	 Dayer L, Heldenbrand S, Anderson P, Gubbins PO, Martin BC. Smartphone 
medication adherence apps: potential benefits to patients and providers. 
J Am Pharm Assoc (2003). 2013; 53(2): 172–181.

18.	 Rosen RK, Ranney ML, Boyer EW. Formative research for mhealth HIV 
adherence: the iHAART app. Proc Annu Hawaii Int Conf Syst Sci. 2015; 
2015: 2778–2785.

19.	 Cohn AM, Hunter-Reel D, Hagman BT, Mitchell J. Promoting behavior change 
from alcohol use through mobile technology: the future of ecological mo-
mentary assessment. Alcohol Clin Exp Res. 2011; 35(12): 2209–2215.



ORIGINAL RESEARCH

TBM� page 279 of 279

20.	 Haberer JE, Kiwanuka J, Nansera D, Wilson IB, Bangsberg DR. 
Challenges in using mobile phones for collection of antiretroviral 
therapy adherence data in a resource-limited setting. AIDS Behav. 
2010; 14(6): 1294–301.

21.	 Klasnja P, Pratt W. Healthcare in the pocket: mapping the space of mobile-
phone health interventions. J Biomed Inform. 2012; 45(1): 184–98.

22.	 Baranoski AS, Meuser E, Hardy H, et al. Patient and provider perspec-
tives on cellular phone-based technology to improve HIV treatment ad-
herence. AIDS Care. 2014; 26(1): 26–32.

23.	 Guest G, MacQueen KM, Namey EE. Applied Thematic Analysis. 
Washington DC, Sage Publications; 2011.

24.	 QSR International. NVivo Qualitative Data Analysis Program. Melbourne, 
Australia: QSR International Pty Ltd; 2002.

25.	 Muessig KE, Pike EC, Legrand S, Hightow-Weidman LB. Mobile phone 
applications for the care and prevention of HIV and other sexually trans-
mitted diseases: a review. J Med Internet Res. 2013; 15(1): e1.

26.	 Moyer CA, Stern DT, Dobias KS, Cox DT, Katz SJ. Bridging the electronic 
divide: patient and provider perspectives on e-mail communication in 
primary care. Am J Manag Care. 2002; 8(5): 427–433.

27.	 Seto E, Leonard KJ, Masino C, Cafazzo JA, Barnsley J, Ross HJ. Attitudes of 
heart failure patients and health care providers towards mobile phone-
based remote monitoring. J Med Internet Res. 2010; 12(4): e55.


