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Abstract
Background: Perinatal health care is critically important for maternal health outcomes in infants. The United States fares
considerably worse than comparable countries for maternal and infant mortality rates. As such, alternative models of care or
engagement are warranted. Ubiquitous digital devices and increased use of digital health tools have the potential to extend the
reach to women and infants in their everyday lives and make a positive impact on their health outcomes. As voice technology
becomes more mainstream, research is prudent to establish evidence-based practice on how to best leverage voice technology to
promote maternal-infant health.
Objective: The aim of this study is to assess the feasibility of using voice technology to support perinatal health and infant care
practices.
Methods: Perinatal women were recruited from a large Midwest Children’s Hospital via hospital email announcements and
word of mouth. Owing to the technical aspects of the intervention, participants were required to speak English and use an iPhone.
Demographics, patterns of technology use, and technology use specific to perinatal health or self-care practices were assessed at
baseline. Next, participants were onboarded and asked to use the intervention, Self-Management Intervention–Life Essentials
(SMILE), over the course of 2 weeks. SMILE provided users with perinatal health content delivered through mini podcasts
(ranging from 3 to 8 minutes in duration). After each podcast, SMILE prompted users to provide immediate verbal feedback to
the content. An exit interview was conducted with participants to gather feedback on the intervention and further explore
participants’ perceptions of voice technology as a means to support perinatal health in the future.
Results: In total, 19 pregnant women (17 to 36 weeks pregnant) were consented. Themes identified as important for perinatal
health information include establishing routines, expected norms, and realistic expectations and providing key takeaways. Themes
identified as important for voice interaction include customization and user preferences, privacy, family and friends, and context
and convenience. Qualitative analysis suggested that perinatal health promotion content delivered by voice should be accurate
and succinctly delivered and highlight key takeaways. Perinatal health interventions that use voice should provide users with the
ability to customize the intervention but also provide opportunities to engage family members, particularly spouses. As a number
of women multitasked while the intervention was being deployed, future interventions should leverage the convenience of voice
technology while also balancing the influence of user context (eg, timing or ability to listen or talk versus nonvoice interaction
with the system).
Conclusions: Our findings demonstrate the short-term feasibility of disseminating evidence-based perinatal support via podcasts
and curate voice-captured data from perinatal women. However, key areas of improvement have been identified specifically for
perinatal interventions leveraging voice technology. Findings contribute to future content, design, and delivery considerations of
perinatal digital health interventions.
https://formative.jmir.org/2021/3/e18240
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Introduction
Background
Nearly 60% of maternal deaths are preventable [1], and infant
mortality rates are approximately 71% higher in the United
States than in other comparable countries [2]. Race/ethnicity,
low income, and chronic stress are associated with
pregnancy-related complications and poor maternal and infant
mortality statistics [3-6]. To set the stage for long-term health
and well-being of the mother and the infant [7-9], the American
College of Obstetricians and Gynecologists (ACOG) and the
American Academy of Pediatrics emphasize the importance of
maternal perinatal care and infant preventive care. The benefits
of quality perinatal health care are well established, reducing
the risk of pregnancy complications, rates of low birth weight
infants, and infant mortality rates [5,10,11]. However, the United
States fares much worse in preventing pregnancy-related
complications than most other developed countries, despite
spending more than any other country on hospital-based
maternity care [12,13]. Growing concerns regarding
maternal-infant health outcomes, patient satisfaction, access to
quality prenatal care, and costs have increased interest in
alternative models of prenatal care [14]. Given the broad and
ubiquitous nature of technology, digital health tools have the
potential to advance perinatal care and empower women to
engage in the provision of care while maintaining expert
recommended standards of care [15,16].
Evidence shows that pregnant women and those with young
children are accustomed to readily available information using
digital technologies and desire better access to information
offered by health professionals [17]. Earlier efforts to
supplement perinatal care with digital health tools have
demonstrated variable levels of technological complexity. One
of the most notable public health campaigns for perinatal health
is Text4baby. With more than 250 messages tailored to pregnant
women and new mothers, Text4baby represents one of the first
empirically supported mobile health campaigns to reach over
685,000 mothers through text messaging [18]. Similarly
designed for national scalability, Expect With Me follows the
same schedule as individual prenatal care from week 14 of
pregnancy and follows ACOG recommendations for clinical
practice implemented through group prenatal care supplemented
with information technology [15,19]. The obstetric OB Nest
program proposes a reduced number of prenatal visits (ie, 8
onsite obstetric appointments; 6 virtual nurse visits) for low-risk
pregnant women by leveraging technology (eg, fetal heartbeat
and blood pressure home monitoring devices; web-based social
support) to demedicalize the pregnancy experience and provide
care within patients’ daily lives [20,21]. Similar efforts to reach
women in their daily lives, researchers found it feasible to use
an embodied conversational agent (ie, animated conversational
character simulating face-to-face interaction) accessed over the
https://formative.jmir.org/2021/3/e18240
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web, Gabby, to promote preconception health, healthy eating,
and stress management [22,23]. Collectively, a review of
perinatal care and telemedicine/eHealth suggests that digital
tools may be beneficial in empowering patients and promoting
value-based health care, yet ongoing efforts are needed to
provide evidence specific to health outcomes, satisfaction, and
cost and reflect a constantly evolving digital landscape [24]. As
a digital health intervention tool, voice technology has recently
been explored as a modality for delivering information to
support health and well-being [25]. For the purposes of this
paper, we define voice technologies as digital tools and devices
that enable bidirectional communication of information through
speech (eg, conversational agents, dialog systems using audio
content or text-to-speech over smart speakers, smartphone voice
assistants, voice-based apps). Voice technology interventions
that rely on listening and speaking interactions differ from visual
intervention predecessors and warrant further research to
understand how users interact and consume information [26].

Aims of This Study
The primary aim of this study is to assess the feasibility of
delivering perinatal health education via voice among a group
of perinatal women. To explore the potential of voice technology
in maternal-infant health, we aimed to assess the feasibility of
a voice technology mobile app prototype, Self-Management
Intervention–Life Essentials (SMILE), among a group of
perinatal women. Following expert recommendations [27], we
defined feasibility through 4 general domains: (1) acceptability,
(2) demand, (3) practicality, and (4) adaptation. We examined
the ability of the application to retrieve and deliver perinatal
health information through spoken words (eg, podcasts) and
prompt and audio-capture participant reactions to intervention
content immediately following the podcasts. Before efficacy
testing, we sought to understand participants’ tolerability of the
platform, appropriateness and interest in the content and
delivery, and how participants used the system.

Intervention: SMILE
As an initial prototype, SMILE was created using the input from
the literature. From pregnancy through a baby’s first birthday,
the literature collectively identifies the following categories
necessary in perinatal education: information regarding
infant/babies’ needs, postpartum care and postpartum
depression, baby’s feeding/breastfeeding, strategies to manage
the couple’s relationship, mobile/digital resources with links to
reliable documents, and a list of useful contacts/professional
resources [28,29]. In addition to traditional resources such as
family and close friends, new parents use alternative
contemporary channels to find perinatal (pregnancy/parenting)
information to include mobile and internet-based resources [30].
Specifically, digital health interventions have demonstrated the
ability to provide women with perinatal support when they most
need it (ie, immediate) and/or when they have opportunities to
JMIR Form Res 2021 | vol. 5 | iss. 3 | e18240 | p.6
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access content (ie, support is more readily accessible than clinic
visits alone) [17,28].
Podcasts are increasingly being used for education, both to
providers and patients, with demonstrated feasibility,
acceptability, and reach [31,32]. We leveraged the convenience
of podcasts to deliver SMILE content. SMILE was developed
to retrieve content from the long-standing, evidence-based Dr
Mike PediaCast program affiliated with the clinical setting for
the study [33]. PediaCast is a parent-facing podcast that provides
relevant information and news to parents by answering listener
questions, interviewing pediatric experts, offering overviews
of research, and providing the latest news on pediatric
health–related topics.
For initial testing and because of time and monetary constraints,
SMILE leveraged existing voice technology services (ie, Siri,
podcasts) and was designed as a mobile app for use on the
iPhone platform. SMILE could be initiated through voice on
the user’s phone (eg, “Hey Siri, start SMILE”) or by launching

Militello et al
the app through touch/tap, either method would then start a
preselected podcast. Intervention podcast topics were selected
based on their relevance to infant care practices, prenatal care
practices related to improved infant outcomes, and the duration
of podcasts. Although evidence suggests options for users to
tailor/personalize the intervention, podcasts were delivered
sequentially to gauge user perceptions of various topics and
durations. Users were able to listen to podcast in the background
(ie, screen off), with an option to play/pause with voice
command through Siri (“start SMILE” to initiate the app and it
automatically starts the podcast, “Pause SMILE” to pause
episode, and “Continue SMILE” to play where left off). Finally,
upon completing each podcast episode, the app (through spoken
language) asked users to provide feedback by answering
(verbally) 2 brief questions. User feedback was collected by the
app through voice recordings. Figure 1 highlights SMILE
functionalities and how participants could use the app during
the study.

Figure 1. Self-Management Intervention–Life Essentials interactivity highlights.

Theory
The underlying tenets of the proposed innovation are
theoretically grounded in cognitive load theory [34] and the
technology acceptance model (TAM) [35]. Cognitive load theory
asserts that when experience overloads working memory
capacity, learning is impaired [34]. Learning is better supported
when content is broken down into smaller, more manageable
pieces. As such, SMILE podcasts ranged from 3- to 8-minute
https://formative.jmir.org/2021/3/e18240
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chunks, each episode slightly longer, but allowed users the
option to stop after one episode or continue listening. Qualitative
aspects of the study were guided by the TAM (discussed in
detail in the Data Collection section).
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Methods
Design
We conducted a 2-week within-subject feasibility study with
19 perinatal women.

Recruitment, Sample, and Setting
Recruitment occurred over a 1-month period (April to May
2019) at the Nationwide Children’s Hospital, Columbus, Ohio.
Participants were invited to participate through hospital email
announcements and word of mouth. Interested persons were
screened before enrollment. To advance the health of women
and infants, a two-generation approach acknowledging the
interrelated health between mother and infant is critical.
Therefore, the main study inclusion criterion was perinatal
women ≥18 years of age, either pregnant or having an infant
less than 1 year of age. Owing to technical aspects of the
intervention, participants were also required to be English
speaking and an iPhone user. In appreciation for participant
time and feedback, compensation was provided for baseline
survey completion and downloading the app (US $10), field
testing the app, and participating in an exit interview (US $20)
for a possible US $30 total.

Data Collection
Upon written informed consent, participants completed baseline
surveys that captured demographics, patterns of technology use,
and technology use specific to perinatal health and/or self-care
practices (Multimedia Appendix 1). Participants were then
onboarded and instructed to download and use the app over a
2-week period. To prevent nonrecruited users from downloading
and using the app, participants were provided with a link to
download SMILE along with an assigned entry code necessary
to launch the app. To broadly assess app usage, data were
collected from app store analytics (ie, number of active devices,
number of impressions). Participants’ individual app use (eg,
demand) was also collected (ie, podcast number, duration of
app used) to understand how participants progressed through
the intervention. Qualitative data reflective of participants’
acceptability, perceptions, and attitudes toward the intervention
were obtained through 2 channels. First, immediately following
each podcast, participants were asked 2 questions and responses
were audio-captured and recorded through the app. Second,
participants were invited to participate in a semistructured exit
interview following the 2-week intervention field test. Blending
formal structured and unstructured interviewing techniques,
semistructured techniques are widely used in formative research
studies that provide researchers with information on the
acceptability of intervention components [36]. The exit interview
was informed by the TAM [35] and a scale to assess burden
[37] to gather feedback and attitudes toward the technology
(Multimedia Appendix 2). Although scheduled and drop-in
sessions were offered for exit interviews within the hospital
setting, 25% (3/12) of participants completed face-to-face
interviews, whereas the rest opted to complete interviews via
audio/videoconferencing. Qualitative feedback was audio
recorded, deidentified, transcribed verbatim, and verified against
actual recordings by study staff. Field notes taken during the
interviews were used to supplement the transcripts.
https://formative.jmir.org/2021/3/e18240
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Data Analysis
Quantitative data were analyzed using descriptive statistics.
Two researchers performed thematic analysis of qualitative data
[38,39]. Owing to the study design, 2 forms of qualitative data
were evaluated. First, qualitative data collected immediately
following each podcast episode queried participants about the
intervention content. Second, qualitative data collected via exit
interviews provided participant feedback on the overall
intervention. For all qualitative data, researchers first became
familiar with the qualitative data, which involved multiple
readings of transcripts, but did not code any data. Third, key
concepts were identified. Color-coding strategies, both manually
and with Excel spreadsheets, were employed to highlight various
concepts and generate initial codes. Coded data were reviewed
by research team members who compared and contrasted their
independent findings. The initial codes were iteratively modified
in the process of open coding to capture information relevant
to the research question. Identified thematic findings were
reviewed and modified within the context of the larger data set
to ensure that the themes were cohesive, yet distinct [39]. Final,
prominent themes were discussed between the 2 authors until
a consensus was reached. To gauge user perceptions of episode
content and delivery, an additional sentiment analysis was
independently performed for app-collected feedback. Participant
feedback responses were coded −1 for negative, 0 for neutral,
and 1 for positive. Disagreements were resolved through
discussion and consensus.

Ethical Consideration
Ethics approval was obtained from the participating hospital,
Nationwide Children’s Hospital Internal Review Board (IRB
#00000159). Participation was strictly voluntary, and
participants were informed of their right to withdraw at any
time without penalty. Participant data were deidentified and
stored on a secure server.

Results
Demographics
Collectively, 19 participants (17 to 36 weeks pregnant) were
consented and completed baseline surveys, 18 downloaded the
SMILE app, 17 used the app, and 12 participated in the exit
interviews. The sample was predominantly White (15/19, 79%),
married (19/19, 100%), between 25 and 34 years of age (16/19,
84%), and pregnant with their first child (12/19, 63%). Although
education level and occupation were not formally assessed,
some of the participants self-identified as nurses or social
workers or in admin during the exit interviews.
At baseline, the top 3 resources participants used for
pregnancy-related information included calling their health care
provider (7/30, 23%), searching the web (7/30, 23%), or using
smartphone apps (6/30, 20%). The top 2 most cited apps used
to support perinatal health were Ovia (6/42, 14%) and What to
Expect (5/42, 12%). Resources least used included an
information packet provided by a health care provider (2/30,
7%), calling a friend (2/30, 7%), or using a doula (1/30, 3%).
Calendar was the most cited (6/14, 43%) app used to support
everyday life. More than half of our participants reported using
JMIR Form Res 2021 | vol. 5 | iss. 3 | e18240 | p.8
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voice assistants before this study (11/19, 58%).
Participant-reported voice technology data are highlighted in

Militello et al
Table 1.

Table 1. Participant-reported voice technology engagement (baseline).
Category

Value, n (%)

Smartphone-specific voice technology engagement
Duration of voice use (n=11 participants)
1-3 months

2 (18)

3-12 months

1 (9)

1-3 years

6 (55)

>3 years

2 (18)

Top 3 interactions (n=21 responses)a
Weather

4 (14)

Phone calls

3 (10)

Timer

3 (10)

Date/time

2 (7)

Information seeking

2 (7)

Texting

2 (7)

Music

2 (7)

Reminders

2 (7)

Map

1 (5)

Smart speaker–enabled or voice-enabled technology engagement
Duration of voice use (n=10 participants)
1-3 months

2 (20)

3-12 months

2 (20)

1-3 years

5 (50)

More than 3 years

1 (10)

Top 3 interactions (n=26 responses)a

a

Weather

6 (23)

Playing music

6 (23)

Smart house (lights, switches, and thermostat)

5 (19)

Timer

4 (15)

Information seeking

2 (8)

Cooking recipes

1 (4)

Conversion or calculation

1 (4)

Smart television access (search movie)

1 (4)

Participants offered more than one response.

App Usage
Unfortunately, the system failed to capture data related to how
the app was initiated (touch/tap or voice), time of day when the
app was being used, or app usage duration. Therefore, app usage
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was determined from participant feedback captured immediately
after each podcast episode listened to by the participants. Using
these data, SMILE was able to deploy 239 podcasts across 17
participants in a 2-week timeframe (Table 2).
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Table 2. Sentiment ratings for podcast episodes grouped by category.

a

Category

Proportion of pod- Proportion of liscast episodes avail- tens by categorya
able by categorya (n=239), n (%)
(n=23), n (%)

Frequency of response
for question 1 (“What
did you think of this
content?”)

Content positively
Frequency of reInterest in hearrated (question 1), n sponse for question ing more (ques(%)
2 (Interest in hearing tion 2), n (%)
more)

All

23 (100)

239 (100.0)

237

205 (86)

238

209 (86)

Sleep

8 (35)

81 (33.9)

81

71 (88)

80

67 (84)

Pregnancy

7 (30)

72 (30.1)

71

59 (83)

72

66 (92)

Parenting

7 (30)

72 (30.1)

75

71 (95)

74

60 (81)

Breastfeeding

4 (17)

36 (15.1)

35

32 (91)

36

33 (92)

Some percentages will sum to >100%, as some categories overlap.

Participants were required to listen to the podcasts in order. The
response rate to the 2 questions prompted after each podcast
was 60.1% (475/782). The least amount of words voice captured
from participant feedback was 2 (17 characters), while the most
amount of words voice captured from participant feedback was
134 (725 characters). Participants most often used 18 words
(12/239, 5.0%) in voice feedback, with a median of 34 words
per response (IQR 37.3, min-max 20-57.3). Participant feedback
was coded positive (1, good, helpful), neutral (0, not sure), or
negative (−1, not relevant, not helpful). The full podcast episode
list and ratings are given in Multimedia Appendix 3. From the
475 responses collected by the system, 87.2% (414/475)
comments were positive. The average sentiment rating for
question 1 was favorable at 86.8%, and the average interest in
hearing more was positive (85.8%). Despite the positive
feedback, the number of users per episode was reduced by nearly
half during episode 15. Each category was covered by at least
two podcasts during the first 15 episodes. Therefore, the notable

attrition does not necessarily reflect loss of interest in a category
but may reflect decreased use of the intervention over time.
Furthermore, it is difficult to say with certainty that missing
data (eg, no user feedback for an episode) were truly indicative
of missing data or technical glitches. From the app-captured
participant feedback, at least three instances were noted where
the technology failed to capture participants’ initial responses:
I already answered questions for this episode, and it
didn’t save. [Participant 5, episode 14]

Podcast Qualitative Feedback
Participant feedback captured by voice recordings following
each podcast was analyzed qualitatively. Sentiment was gauged
from 0% (poor/negative) to 100% (good/positive). Themes
identified
from
content
feedback
include
(1)
establishing/transitioning routines, (2) expected norms and
tempered expectations, and (3) key takeaways. The themes and
representative quotes are given in Table 3.

Table 3. Examples of qualitative feedback to podcast episodes by theme.
Theme/subtheme

Example (feedback on podcast)

Interested in hearing more

Routines

“Like it’s very relevant to a new mom because I currently have a 16-month- “How and when to start sleep routines with
old and pregnant and I did not know how difficult getting a sleep routine younger babies” (Participant 8, episode 9)
down was. So, I think hearing I didn’t know that routine made such a difference and once I started routine. It was very helpful.” (Participant 17,
episode 8)

Expected norms/realistic
expectations

“I’ve had a lot of friends tell me that it’s good that I’m considering
“I think it might be helpful to hear more
breastfeeding, but not to feel so ashamed if it doesn’t happen the way that about what to look for, how to treat it, when
I want it to go and it’s okay.” (Participant 15, episode 14)
to call the doctor.” (Participant 17, episode
1)

Troubleshooting (subtheme) “I like this episode a lot because he went through several different reasons
for why the baby was crying before sleep and kind of troubleshooting to
figure out what the issue was. It was nice to hear him describe several
options that could’ve been the case. Yeah, I liked it a lot. I thought it was
useful.” (Participant 10, episode 8)

“... what are some techniques to help soothe
them rather than feed them and what are
some cues as a mom to figure out that they
really need fed or they just want attention.”
(Participant 17, episode 19)

Provide objective, key take- “I thought this episode was pretty detailed and gave good information. I
aways
would have liked to also hear what to look for when looking for signs of
suffocation and then maybe have him defined supervision a little bit MORE
... very helpful to have an acronym to remember safe practices.” (Participant 15, episode 6)

“As I mentioned previously it would be
helpful for parents to have more information
about specific examples.” (Participant 11,
episode 15)

Theme 1: Establishing/Transitioning Routines
Content about establishing routines and transitioning to having
routines were of interest to the participants. For example, the
ninth podcast, Infant Sleep Problems, was the fourth time that
https://formative.jmir.org/2021/3/e18240
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typical infant sleep patterns were discussed. However,
participants’ feedback indicated that they would be interested
in hearing more about the timing and strategies to establish
sleep routines. Collectively, participants were interested in
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learning when it was safe to establish or transition their baby
and strategies on how to go about it.

Theme 2: Expected Norms and Tempered Expectations
Participants were eager to hear information that validated their
prior knowledge and experiences to gain peace of mind.
Participants favored information that showed the pros and cons
of various parenting techniques and infant care strategies.
Anecdotal experiences can be perceived as positive if supported
by accurate medical data:
More real-life examples of breast feeding and issues
that go along with it. [Participant 6, episode 14]
When caring for their newborn, participants wanted information
about expected behaviors and strategies to determine infant
needs, specifically infant cues. Feedback indicated that
participants desired to learn more about alternative solutions to
common parenting challenges.

Theme 3: Provide Key Takeaways
Participants favored podcasts that provided objective data to
dispel myths. Often, information reinforced with statistics, data,
or research has been favorably received. However, this
information must be tempered by presenting the information in
terms of the user’s understanding:
...it had a lot of good data, but it was almost too data
heavy to stay focused on
what it was saying because it was statistic after
statistic after statistic. [Participant 8, episode 2]
Information tended to be favorably received if it provided
succinct tips and was not all over the place or lots of information
as in too general or too much.

Militello et al
Prior experience and user familiarity with technology have
emerged as relevant. Some described themselves as not very
tech savvy and preferred more traditional methods such writing
things down:
I prefer reading because it can, um, allow me to go
at my own pace and I don’t miss information. Um,
and then I can use that as notes. Like, I can take a
snapshot of it, uh, and use that to reference back upon
because when you hear stuff, it doesn’t necessarily,
like you might not hear it the right way. Or, um, you
know, you can’t remember exactly what was said.
[Participant 2]
Finally, participants advocated for expanding content to allow
for more customized material and tailoring options. Thus, the
creation of user profiles may be beneficial:
... being able to like choose their own content, um,
not necessarily have to listen to the same thing
multiple times in a row and same in different ways,
you know? If there’s more options, then people can
pick their own thing. I think that that will have more
benefit and possible interaction with voice commands
and that kind of stuff. [Participant 1]
How, in my mind, I’m thinking when you go into
Netflix, and you get a profile, and you pick, you know,
my husband has a profile, I have a profile, and when
you log onto that, they recommend certain shows to
watch based off your past history. So, I guess if there’s
a way that you could log into your Alexa as far as
like your portal or your profile, and then it kind of
like tracks your trends of things you ask or interests
like music that you play. [Participant 8]

Exit Interview Findings

Theme 5: Privacy

Exit interviews were focused on participant feedback and
attitudes toward voice technology. Exit interview qualitative
data were analyzed separately from app feedback qualitative
data. Themes that emerged from coded exit interviews included
(1) customization of user preferences, (2) privacy concerns, (3)
family and friends, and (4) convenience and context.

Privacy was brought up in an array of contexts. Privacy of voice
technology was discussed within the context of information
control and information sharing.

Theme 4: Customize and User Preferences
Participants expressed their preferences for seeking information
and learning. In exit interviews, participants spoke to the benefits
of having information presented in more than one way, with at
least three women self-identifying as visual learners:
If it’s something in depth you know, and I want to be
able to... I am a visual learner to see the chart or the
you know to comprehend it. I need both. [Participant
3]
When I was looking at My Chart (patient portal),
there have been times that I didn’t even remember
what the test was called that they did. So, it would
have been hard to recall that and then go through all
of those tests... I like to see things versus hearing. I
like a little bit of both, but I lean towards more visual
so I like to be able to click through. [Participant 7]
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One participant stated this about digital privacy:
I don’t think I have a lot to hide... I’m not nervous
about it. But I also feel like I probably should be a
little bit more aware of it. Cuz I feel like on my phone
it’s like you can be talking about something and then
you get on your Facebook page. [Participant 2]
Privacy was also mentioned with regard to context of voice:
I’m rarely in a quiet and alone place where I really
can speak, to give a command to a phone, even if it
were to recognize me more sometimes either maybe
a privacy thing, or I don’t want everybody around
me to know and I’m I just don’t want to be
broadcasting is what I’m learning about. [Participant
11]

Theme 6: Family and Friends
Exit interviews captured voice-enabled devices used in the home
setting (eg, smart speakers, smart switches, smart thermometers)
other than smartphones alone. Voice technology use was
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perceived differently depending on the family member using
it.
Several participants spoke of the influence their spouses,
particularly their husbands, had on technology uptake. In most
cases, spouses promoted the uptake of technology; however,
they could also pose as a barrier.
Responses suggested that husbands were the drivers of
technology within the household:
Yes, absolutely. Yeah. If he wasn’t super techno savvy,
then I probably honestly wouldn’t have an Alexa and
I wouldn’t have done the smart lights or things like
that. He’s definitely the driver behind because he likes
being the new and cutting edge and trying it out and
that type of stuff. [Participant 9]
Yeah we don’t use Alexa at home. Cuz mostly my
husband is a security person, he doesn’t like it. I’d
use it myself a lot more if it were not for him.
[Participant 10]
Husbands could also be engaged in the perinatal process through
voice:
I could absolutely see my husband going like Alexa,
tell me about my baby today and she’s rattling off like
your baby should be about this weight and should be
eating this much and all this like he would totally
absolutely use it. I would probably use it as well if
the information is valuable. [Participant 9]
Participants voiced similar concerns about their children’s
safety, as infants/siblings learn to speak and role model others,
exposure to inappropriate material, and becoming addicted to
technology. Others have suggested a need for parental control
on voice-enabled devices:
I’d rather the kids wait until they’re older to use it,
especially unsupervised. I have a baby that’s not even
two right now. And she already yells that, you know,
she says, Hey, Google play a song. So, it’s just playing
random songs at her all day. And if I’m in the
bathroom or something, I feel like I’m not in control
of what she’s doing or listening to. [Participant 4]
Our daughter can say, Mom, Dad, and Alexa.
[Participant 2]
Participant feedback highlighted that voice technology used in
the home setting provided instances to engage multiple users
simultaneously, such as family and friends. However, the content
needed to be appropriate for diverse audiences:
I mean, in terms of the content of the episodes you
had us listen to... it would be great for my husband
to hear and I’m fine with my kids hearing that kind
of content. I didn’t think that it was inappropriate at
all. [Participant 5]
One participant reported not using technology to manage her
stress but suggested a case of joint media engagement:
As far as technology, no. My husband will sometimes.
I don’t know what the app is called, but he uses it like
a meditation app sometimes when we go to bed. He’ll
https://formative.jmir.org/2021/3/e18240

XSL• FO
RenderX

Militello et al
play it and it’s just like breathing.…it’s like breathing
techniques we’ll do just to like, relax to go to bed. I
make fun of him about it sometimes, but [laugh] it is
very beneficial. It’s just sometimes I’m like I don’t
like doing this I just want to go to bed. [Participant
2]
Although not as frequent, some have also reported using voice
for group entertainment. In reference to the voice assistant led
trivia:
it’s pretty much music trivia and they’ll play a snippet
of a music. Yes, and it’s just fun if people are over,
it’s like a pastime kind of little game that doesn’t, it’s
not intimidating people the whole group can play.
[Participant 2]
Yes, we have at friends’ houses before we don’t do it
regularly though … but we should utilize the game
more often because it was fun. [Participant 3]

Theme 7: Context and Convenience
Context played a major role in how women perceived their
interactions with voice technology. Women also discussed how
voice interventions could be weaved into their daily routines:
in like, like a convenient setting like if I could have
it, so one of the things that our Alexa does in the
morning is like a morning news update and they’ll
just give us like a 5 or 10 minute update about like,
what’s happening in the news something like that
could happen like today in your pregnancy and or
like this might be a topic if you’re interested in that
would be really cool then I could just listen to it while
I’m getting ready in the morning. [Participant 4]
Women favored voice interactions, which were convenient. A
number of women reported that they did not regularly use the
voice assistant on their phones (ie, Siri) because of frustration
or a lack of understanding. General sentiments suggested that
voice interaction could be challenging:
I mean, it’s come a long way compared to what Siri
used to be used to be even worse, but in terms of what
you can do, or how you ask a question matters a lot.
What exactly you say matters a lot as to what type of
response you’re gonna get. [Participant 9]
Outside of the home setting, no voice use was preferred over
Siri. In the home setting, Alexa-enabled devices were favored
over Siri-enabled smartphones:
I find that Siri doesn’t work as well for me, my
husband’s much better at it. I am much more
comfortable using Alexa. I find that it responds better.
Yeah, well, I mean, like we use that because
everything in our house is tied into Alexa … but like
if I’m somewhere else, like, I won’t use Siri on my
phone. [Participant 9]
I do use Alexa at home and I don’t really use Siri that
much on my phone though. [Participant 4]
However, the value of voice-enabled smartphones increased
when participants needed to be hands-free, particularly in cars.
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Even if a participant reported not using voice routinely on their
phone, they did in the car:
No, I don’t use Siri. I’ve found that she doesn’t really
understand what I say. So, I don’t tend to use it. But
I do have, like, voice recognition in my car that I use
a lot. [Participant 5]
Especially thinking about being able to use it in the
car, you know, to be able to get in and ask the app to
you know, play me episodes about, you know hygiene
or whatever. [Participant 6]
Finally, women stated that it would be beneficial to have voice
assistants to help them communicate with their health care
providers and/or receive laboratory results. However, users
wanted to have control over voice technology-communicated
medical information:
I think it’s If it becomes convenient, and there are
less hoops to jump through to be able to communicate
to healthcare providers, then heck yeah, I’ll use it.
[Participant 6]
If I had lab results and it came through and Alexa
was like, Hey – you have new lab results, do you want
to hear them? I would love that…If I’m having a
dinner party, I’d probably say no not right now. You
know what I mean? If there’s people over, I could see
why I would want to defer it. [Participant 3]
Specifically, women indicated that it was more convenient to
listen to the intervention compared with providing feedback,
particularly relevant with regard to user context. One participant
reported the following:
I actually didn’t really like it. I didn’t really want to
like give the vocal feedback when I was out and about,
like in my car listening to it or like in an airport... So
if somebody were to give, if this were to be an app,
and someone was trying to give feedback, it could be
definitely a distraction thing if they’re driving and
trying to give feedback. [Participant 5]

Discussion
Principal Findings
Maternal child health remains to be a public health priority, and
practices to improve outcomes are urgently needed. As an
adjunct to clinical care, digital health interventions have the
potential to broaden opportunities to intervene when patients
may be most receptive to support [40]. The use of voice
technology in digital health is nascent, particularly among
perinatal populations. Thus, the goal of this study is to address
the question, “Can it work?” [27] and provide evidence to
support or negate the use of voice technology in perinatal digital
health interventions. To address the primary research aim and
determine whether voice technology is an appropriate medium
to leverage in perinatal health, feasibility is framed in key focus
areas: (1) acceptability, (2) demand, (3) practicality, and (4)
adaptation [36].
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Acceptability
Acceptability was examined by how the individuals reacted to
the intervention, perceived ease of use, perceived helpfulness,
and intention to try podcast recommendations. At baseline, users
were more familiar with common smartphone features such as
text messaging, calendars, and apps compared with voice
technology. However, no users required additional assistance
beyond onboarding to use the intervention, nor did any users
provide feedback that the voice-based app was difficult to use.
Of the 239 podcasts listened to by participants, sentiment ratings
suggested that the content was favorably received, particularly
on the topic of breastfeeding. Exit surveys indicated that women
were receptive to using voice technology as a potential platform
to support health. The findings also showed that participants
perceived the advantages/disadvantages of voice technology
depending on the device. On smartphones, voice assistants were
perceived to have quick response rates, yet users complained
that the technology often did not understand them or provided
unsatisfactory answers. On smart speakers/devices, voice
assistants were perceived as convenient, but unnecessary and
unfavorable because of costs.

Demand
Demand was assessed by documenting intervention activities
and self-reported use of technology. As a percentage, overall
response rates to intervention activities (approximately 61%)
suggest a fair ability/interest in completing the study tasks.
Similar to other research [28], the participants in our study were
technologically capable of reporting interactions with various
technologies before SMILE. However, at baseline, only 1
participant reported using a smartphone to listen to podcasts,
and during exit interviews, less than half of the participants
reported listening to podcasts outside of the intervention. Just
over half of our sample reported using voice assistants (11/19,
57.9%), slightly higher than the Pew survey data that reported
46% of Americans reported using digital voice assistants [41].
Of those with previous voice experience, 72.7% (8/11) had ≥1
year experience with smartphone voice technology and 60%
(6/10) had ≥1 year experience with voice-enabled devices in
the home setting. Baseline survey data and exit interviews
aligned, highlighting that hands-free, convenient activities were
a strength of voice technology. However, baseline surveys
highlighted case-specific uses for voice technology (eg, setting
a timer, checking the weather), whereas exit interviews revealed
broad uses for voice technology (eg, games, communication to
more than one person, answering questions). Across all sources
of data collected, inability for voice technology to recognize
what the user was saying was a primary reason for nonuse.

Practical
Participants did not find the podcasts practical when they were
asked to refer to other podcasts for the background. Similarly,
participants did not find the podcasts practical when content
was not perceived as relevant to them. Participants desired
content that was perceived as sensible, objective, and poised in
a manner that tempered prior knowledge with new information.
These findings support the use of cognitive load theory as an
intervention guide, emphasizing the importance of balancing
processing capacity relative to cognitive load. Regarding the
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practicality of intervention delivery, the voice was highly
sensitive to the user context. Several participants discussed
instances when intervention activities were either facilitated or
constrained (ie, listening/speaking in public vs private). For
instance, intervention delivery was favorably perceived during
multitasking situations when users desired to be hands-free (eg,
driving). Conversely, intervention activities were negatively
perceived when in public settings or when with friends or
colleagues outside of the woman’s immediate perinatal social
support system (ie, friend vs spouse). To build upon these
strengths and limitations, intervention activities should be
available on demand and able to satisfy user needs at the
moment. For example, the podcast duration should be able to
accommodate activities such as driving, both short (10-15
minutes) and long commutes (3-4 hours).

Adaptations
As such, a number of adaptations are recommended for voice
interventions to best align with user situations. Our data suggest
that voice intervention activities that deliver personal or sensitive
information or require quick response/feedback may be better
suited for delivery on smartphones. Conversely, voice
intervention activities that are more general may be better suited
for delivery via smart speakers, which may also be an
opportunity to engage other members of the family or social
support. Although participants did not directly discuss using
SMILE with others, many did see an opportunity to engage
spouses and extended family members (eg, other
children/siblings). In joint media engagement, more than 1 user
jointly may engage with a technology and, consequently, support
prescribed activities [42], which is a potential strength for voice
technology. Depending on delivery and users, voice technology
has the ability to support stealth health promotion, wherein
efforts are perceived as an activity spent with family or friends,
and the target of the intervention (eg, stress management) is a
side effect but not the primary motivator of participation [43,44].

Voice Interaction and Podcast Intervention Use
Similar to attrition found among digital health interventions
[45], SMILE data suggest user attrition over time. As a
prototype, SMILE was rapidly designed for this population to
gauge user responses to voice technology in terms of listener
preferences for duration, timing, and interaction. The sequence,
number, and duration of SMILE content were fixed. After the
14th podcast, the episode duration was slightly longer (ie, further
away from 5 minutes, closer to 6-8 minutes in duration). As the
intervention was delivered via smartphone, users could see the
title of the podcast and duration, which could bias them to listen
or not. User preferences for learning may also have contributed
to attrition. Some women reported personal preferences for
learning (eg, like to see things versus hearing, go at my own
pace), which may have been in contrast to how the intervention
was designed. Given the documented need for perinatal support
and value placed on digital health tools by perinatal women,
particularly those tools that are multifunctional [17,28,30,46],
we believe there is value in pursuing both voice and visual
interventions in perinatal health. Specifically, our findings align
with other research [26,47], suggesting a need to address the
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inefficiencies of voice navigation (eg, pace, duration, ability to
choose from a list of options).
Podcasts were purposefully selected based on recommendations
from the literature; therefore, our findings reaffirm previous
literature and the importance of topics such as breastfeeding,
infant sleep, parenting skills, and pregnancy self-care. Similarly,
we also found that women prefer tailored content, which is
relevant to their needs, practical, unbiased/objective, and
available on demand [17,28]. However, we discovered that the
potential benefit of delivering perinatal health information via
voice is the ability of women to digest perinatal health content
while multitasking. Thus, the intervention could be woven into
daily life. However, voice interventions are highly sensitive to
context. As such, design and interactivity must be agile in the
user context. For example, a number of women reported
listening to podcasts while driving. Voice interventions must
be careful not to place individuals in harm during use (eg,
distracted driving). Similarly, a number of women
discussed/envisioned listening to podcasts during 3 am feedings.
Thus, postpartum voice interventions, in particular, would
benefit from adaptive volume control, such as Amazon’s Alexa
whisper mode.
Digital tools to support management of daily activities were
common among our sample, specifically calendar use.
Maternal-infant interventions deployed/accessed through
voice-enabled devices in a shared setting (eg, home, car) have
the potential to reach beyond the woman alone, to include social
support members (eg, spouses, siblings). Perinatal interventions
that aim to engage users may want to leverage such information,
as research has shown that the value of something is increased
if the activity can serve more than one need [44,48]. Qualitative
findings from this pilot highlight opportunities to expand
perinatal health promotion efforts beyond individual women to
include spouses/partners using voice technology. Irrefutably,
evidence shows that pregnant women need the support of caring
family members, friends, and health professionals [49]. Research
and interventions are required to provide partners of pregnant
women with evidence-based information and support whole
families during the perinatal period [50]. Evidence shows that
men who attend antenatal care express concerns about being
excluded and left feeling disappointed [30,51]. Programs that
support new fathers need to help form realistic expectations,
provide information ahead of time, and provide information
about the possible changes in their conjugal relationship and
how to develop related coping strategies. Our findings suggest
that voice interventions are strengthened by individual user
profiles. Voice research also suggests that users tend to explore
less and choose higher-ranked items, which could be a potential
limitation of individualized voice content unless options are
personalized, yet diverse to expose users to broad options [26].
In exit interviews, Alexa was the most commonly mentioned
smart speaker. When the study was conducted, Alexa did not
support individual user profiles. However, both Google Assistant
and Alexa now support individual users through voice
recognition technology.
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Privacy and Security
Privacy of voice technology is complex and serves as an
indicator of voice intervention acceptability. The findings
reflected participant concerns over health data privacy and
patient control over information sharing (ie, sharing data when
and with whom). However, recent findings from a systematic
review found that few voice assistant research studies reported
privacy or security concerns associated with voice assistants
and no studies refer to proprietary challenges that can arise when
using commercial devices [25]. Therefore, we strongly advocate
for transparent research and reporting when using voice, raising
standards accountable to the scientific community and the
participants they serve. Such methods may include lay language
to explain what data are being captured, how data are shared
and their intended use, potential for security breaches, and
options for participants to participate fully or partially (eg, delete
partial transcripts).
Although some women were enthusiastic about using voice to
receive and share medical data with their health care provider,
at this time, there is not enough evidence to support the safe
and effective use of voice between patients and providers.
Reliance
on
conversational
assistants
for
actionable medical information represents a safety risk for
patients, and in some instances, may pose harm [52,53]. Further
research is necessary to forge confidence in voice technology
and explore methods to mitigate safety risks. Developers and
health technology experts should explore opportunities to
broaden voice technology use; however, transparency
about partnerships and data use is ethically prudent as device
capabilities expand [52,54].

Contributions to the Literature and Implications for
Future Research
Findings from this feasibility study suggest a role for voice
technology in maternal-infant health efforts; however, the size
of the role has yet to be determined. A systematic review of
voice assistant technology used in behavioral health research
found that, from a limited number of studies, voice interventions
were in the early stages of development with limited efficacy
testing [24]. With the proliferation of voice-activated devices
(eg, Apple Siri, Google Assistant, Amazon Alexa), there is
substantial opportunity for empirically supported voice-enabled
health solutions. Owing to dramatic improvements in voice
recognition accuracy and intelligent conversational agents, voice
assistant technology allows for true hands-free operation and
conversation, increasing flexibility and efficiency.
Our findings further demonstrate the feasibility of capturing
data from perinatal populations through voice. Voice technology
is a novel strategy to collect data and interact with perinatal
populations beyond the clinic. The benefit of using voice is that
speaking/talking is naturalistic across diverse populations. Voice
technology may help to reduce barriers associated with literacy
(eg, spelling errors, mistyped words), support formative
assessments, and engage social support beyond just the patient.
In our future efforts, we plan to explore whether voice-captured
data differ from other just-in-time data collection strategies (ie,
do participants ramble or provide longer voice responses; how
do voice data capture differ/align with text message data
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capture). Although improving, challenges to voice include errors
in transcription (eg, tone, rates of speech), understanding various
accents and medical terminology (eg, mispronunciation or
misuse), and deducing user intent from context, that is, intent
schemas to facilitate custom interactions with users [55].
Research in this area is critical to avoid user frustration and
potential abandonment if the system does not understand or
does not reflect user intent (ie, does not respond appropriately).
We believe that the proposed project is a vital first step
necessary to elucidate how digital health, particularly voice
activation, may be leveraged to promote positive perinatal health
behaviors and reduce maternal/infant morbidity and mortality
rates. This formative evaluation provides evidence to suggest
that a perinatal educational support program using voice
technology is acceptable among a group of pregnant women
and has the potential to engage spousal and familial support.
The findings will be iteratively combined with our team’s
current efforts to partner with key stakeholders (ie, low-income
families, community health workers, health care professionals)
in the development of a perinatal digital health platform with
voice-enabled capabilities. Future efforts focused on voice
should explore the feasibility, usability, and effects of voice
interventions delivered through different voice-enabled devices
(eg, smartphones vs smart speakers).

Limitations
SMILE represents the pilot work necessary to guide voice
technology intervention use among perinatal populations. As
such, the study was limited by a small, predominantly White,
and married (2-parent) convenience sample and short study
length. Similar to other digital health research in this population,
moving forward, it will be necessary to engage women from
socioeconomically disadvantaged backgrounds and rural
locations to determine if intervention needs differ from this
sample [17,54]. Detailed assessments of sociodemographic data
and gauges of health and technology literacy were not captured
in this study. In future research, lessons learned from this pilot
will be used to conduct longer studies across diverse
populations, to also include assessments of health literacy and
technology proficiency. Despite efforts to reach postpartum
women, our study only included pregnant women. Evidence
suggests that reaching postpartum women is challenging;
however, web-based recruitment strategies have been shown to
increase interest/screening of postpartum women in health
promotion research [56]. Other strategies worth exploring
include recruiting women, infants, and children, health care
providers, and mother-baby groups [57,58]. Another limitation
was the basic functionality of the tested technology (voice-only
interactions via mobile phones without multimodal and/or
tailored content). However, the study and intervention were
conducted to address the feasibility of using voice in perinatal
populations and to provide a jumping off point for future
research. As such, the effects of the app on perinatal health
education and health outcomes were not measured.

Conclusions
This study is one of the first attempts to develop and evaluate
the feasibility of a voice technology app to promote positive
self-management skills during the perinatal period using
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evidence-based podcasts. Our findings suggest that how
pregnant women use digital health interventions differ not only
between visual and voice but also between the type of device
used. In addition, we collected feedback through voice
interactions. The findings support further development and
usability testing of voice technology to promote maternal-infant

Militello et al
health outcomes. Given trajectory and market growth, the
necessity for hands-free interaction with interactive voice
devices will be a growing industry across all customer segments.
The development of empirically supported interactive voice
solutions should be a priority to address this inevitable need.
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Abstract
Background: Physical activity has a strong positive impact on both physical and mental health, and public health interventions
often encourage walking as a means to promote physical activity. Social connectivity, such as that among spouses, families,
friends, and colleagues, highly influences physical activity. Although technology-based interventions have some influence on
human behavior, they have not been fully implemented and evaluated for their influence on walking through social connectivity.
Objective: We aimed to pilot-test the organization of neighborhood walking clubs and use of a mobile app (Runkeeper) to
encourage social connectedness and neighborhood cohesion, as well as to increase physical activity.
Methods: We used a convenience sampling method to recruit 46 adults from an urban location in Greater Boston, Massachusetts.
We assigned participants to teams based on their geographic location and neighborhood and required them to use the app
(Runkeeper). Participants completed 2 self-administered web-based surveys before and after the intervention period. The surveys
included standard measures to evaluate physical activity, social connectedness, perceived social support, and neighborhood
cohesion (Buckner Neighborhood Cohesion Scale) before and after the intervention. Following the intervention, we randomly
selected 14 participants to participate in postintervention, in-depth phone interviews to gain an understanding of their experiences.
Results: This study was approved by the institutional review board in June 2018 and funded in January 2018. Recruitment
started in May 2019 and lasted for 2 months. Data were collected from July 2019 to January 2020. In this study, Runkeeper was
of limited feasibility as an app for measuring physical activity or promoting social connectedness. Data from the app recorded
sparse and uneven walking behaviors among the participants. Qualitative interviews revealed that users experienced difficulties
in using the settings and features of the app. In the questionnaire, there was no change between pre-post assessments in walking
minutes (b=−.79; 95% CI −4.0 to 2.4; P=.63) or miles (b=−.07; 95% CI −0.15 to 0.01; P=.09). We observed a pre-post increase
in social connectedness and a decrease in neighborhood cohesion. Both quantitative and qualitative results indicated that the
psychosocial aspects of walking motivated the participants and helped them relieve stress. Interview results showed that participants
felt a greater virtual connection in their assigned groups and enhanced connections with friends and family members.
Conclusions: Our study found that Runkeeper created a virtual connection among walking group members and its data sharing
and ranking motivated walking. Participants felt that walking improved their mental health, helped to relieve stress, and made
them feel more connected with friends or family members. In future studies, it will be important to use an app that integrates with
a wearable physical activity device. There is also a need to develop and test intervention components that might be more effective
in fostering neighborhood cohesion.
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Introduction
Physical Activity
Physical activity (PA) has been found to be significantly
associated with not only physical health and chronic disease
risk reduction [1] but also with psychological health and
well-being [2,3]. The World Health Organization calls for
interventions to promote PA as a means of lowering the global
burden of chronic disease, with group walking thought to
potentially increase the motivation to engage in PA [4,5].
Despite the known health benefits of PA, just over half of the
adults in United States (51%) meet the 2008 federal guidelines
for PA [6]. Many practitioners have focused on walking as a
form of PA that is inexpensive, accessible, and well accepted
among adults [7-9]. Walking is the most common form of PA
in the United States [4]. It has a low risk of injury [10], making
it safe for all age groups and feasible even in the presence of
other health concerns or logistical barriers to exercise.
Interventions to increase moderately intense walking among
Americans could help meet the PA guidelines [11].
In general, walking has multiple positive effects on health and
well-being. It improves physical health by improving blood
pressure control [12-14], weight loss [12,15], and prevention
of obesity and cardiovascular diseases [16-18]. Research has
shown that walking can affect other dimensions of well-being,
such as reducing depression [19], lowering physiological stress
[20], and stabilizing cognitive functioning for those at risk of
dementia [21]. Sedentary people can benefit from modest
increases in walking, especially for otherwise healthy,
middle-aged or older adults.

Group Walking
There is some evidence that walking in groups influences the
motivation to walk. Ball et al [22] found that the likelihood of
an individual walking for physical exercise increases when they
are doing so with another person. People also prefer and enjoy
walking with others more than walking alone [8]. The benefits
of PA are realized through group walking. Meta-analyses of
walking group interventions showed statistically significant
improvements in blood pressure, resting heart rate, and body
mass index, among other measures [12,23]. Most of the studies
report on the physical benefits of walking in groups [23], with
some research measuring emotional well-being. These generally
show a reduction in depression scores [12,24], although one
recent study found that individual walking is more effective at
reducing depression [25]. Marselle et al [11] found that walking
in groups contributed more to personal emotional and mental
well-being than walking individually.
Walking clubs can potentially improve social connectivity [26].
Chen and Pu [26] reported that walking in teams promotes social
connections with friends. Several recent studies also found
positive effects for participating in walking clubs, including
among specific populations including postpartum women [27],
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adults with diabetes, and older adults [28-30]. A number of
researchers have reported that the social dimensions of a walking
group contribute to people’s interest in the initialization of
walking, maintaining participation, and increasing walking
behavior [31,32]. Others raise concern that walking clubs may
disproportionately
serve
traditionally
advantaged
subpopulations, although walking clubs in the United States
may be relatively more inclusive than other countries [33].
Although walking programs have the potential to improve social
well-being, defined as a sense of belonging and interdependence
with others [34], the impact of group walking on social
well-being is understudied relative to the larger literature on
physical well-being. Qualitative research suggests that group
walks have a positive effect on social well-being [35,36]. In
their meta-analysis, Meads and Exley [23] report that walking
in groups tended to increase quality of life measures and may
increase social connectedness, but the evidence for this was
uncertain [23]. Thus, although the literature supports the
conclusion that walking clubs offer a number of individual
health and psychological benefits, the social benefits are less
well established.
Recent technological interventions have been shown to increase
social connectivity and PA. However, few studies have explored
the use of technology to facilitate neighborhood walking clubs
as a PA intervention. Walsh et al [37] conducted a study to
analyze the effect of mobile phone app intervention on
increasing daily walking steps among youth. Their study pointed
out that PA could be enhanced through specific settings in
mobile phone apps, such as self-monitoring of walking steps
and setting of personal walking goals. Chen and Pu [26] used
a mobile app called Healthy Together, which enabled users to
participate in physical activities together by sending each other
messages and earning badges. Their research goal is to compare
different social incentives in mobile fitness apps and to provide
new angles of design implications for mobile fitness apps. They
found that building users’ performance with their team members
promotes not only individuals’ PA levels but also social
connections with friends. They recommended that an app design
for physical activities should consider adopting social interaction
as the key motive for user involvement [26]. Some recent
innovative electronics such as FitBit and Jawbone are wearable
PA tracking technology, which enable users to connect their
data of physical activities to their phone or app automatically
[38]. Comparison to others could be perceived as motivating if
people looked to those with greater PA success as positive role
models, which is an upward comparison [38]. Women who had
a strong interest in upward comparisons also presented
significant increases in PA [39].
However, most of the above studies mainly focused on the
benefit and motivation of walking at the personal level, instead
of focusing on whether the walking clubs impact neighborhood
social cohesion.
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This study aims to examine the potential impact of walking
clubs on neighborhood social cohesion. The goal of this study
is to gather preliminary information on technologically enhanced
walking clubs to encourage social connectedness and
neighborhood cohesion and to increase PA to help guide future
studies that will advance public health not only at the personal
level but also at the community level.

Methods
In this mixed methods pilot study, we used a pre-post evaluation
design to assess the potential impact of the intervention
Runkeeper on walking distance and duration, belongingness,
neighborhood cohesion, motivation for PA, and self-reported
PA. Qualitative methods were used to contextualize quantitative
results. This study was approved by the institutional review
board in June 2018 and was funded in January 2018.
Recruitment started in May 2019 and lasted for 2 months. Data
collection started in July 2019 and ended in January 2020.

Sample and Setting
The inclusion criteria were living in an urban location in Greater
Boston, Massachusetts, aged 18 years or older and ability to
speak and read English. We used geographic information
systems and census track-level demographic and socioeconomic
data to identify neighborhoods for the walking clubs, with the
aim of reaching a diverse set of participants across income, race,
ethnicity, and age. The final locations were determined based
on the number of potentially eligible participants and their
proximity to Tufts University.
The procedure involves 4 main steps. First, participants were
recruited and administered a mandatory baseline survey
(May-June 2019); the second step was to monitor participants’
walking data coming from the app for 3 months (July-October
2019); the third step was conducting a mandatory exit survey
to gain participant feedback (October 2019); and the last step
was interviewing participants in terms of the data reflection
(January 2020). The baseline survey and exit survey took
participants 30 min to complete, and the questions in the baseline
survey were identical to all questions in the exit survey, and
they were both 9-page surveys and each page had 4
questionnaire items.
Participants were recruited through Facebook advertisements
and door-to-door invitations in the neighborhoods of interest.
Recruitment took 1.5 months, which involved recruiting
participants and administering a baseline survey (May 21 to
June 30, 2019). When potential participants responded to our
Facebook advertisement, we would confirm their home
addresses first to see whether they were in our desired location
before sending them informed consent agreement. If they agreed
in person (during door-to-door recruitment), they signed a hard
copy of the informed consent agreement and provided an email
address for further contact. No personal information was
collected. Upon study entry, each participant was given a unique
study identification number, which was only for data
organization, management, and analysis. This identification
number was associated with all data records from both surveys
and apps. Participants’ names or other identifying information
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was kept separate from this identification number. The survey
was hosted and all online data were stored on a secure server,
and the hard copy of the consent form was stored in a locked
office.
After recruitment, our researchers were in charge of inviting
participants to take both baseline and exit surveys by sending
emails. We used an open survey approach where the survey
links sent to participants were the same, and the technical
functionality of the electronic questionnaire was tested before
fielding the survey via Qualtrics. Participants were able to
change their answers through a back button, which displays a
summary of the responses. The survey never displayed a second
time once the participants had completed it. In addition, only
completed surveys were analyzed, and the corresponding
participants were allowed to continue accepting the walking
club intervention.
During the baseline survey, all eligible participants received
the walking club intervention. We purposefully divided them
into 3 groups, of which the geographic radius of each group
was within a walkable distance (10-min walking time). Each
group had an average of 15 participants. Each group was asked
for a volunteer to serve as a captain. The captain was responsible
for serving as a liaison with the Tufts research team and
organizing several walks per month for the group. Recent
research has proved that the frequency of communication across
teams is significantly associated with maintaining walking steps
[40]. A participant volunteered to be captain in two of the
groups, and the study coordinator served as the captain in the
third group. In addition, participants received a US $100 gift
card for completing both pre- and postsurveys and for 3-month
monitoring of walking, as tracked by Runkeeper. Those who
participated in phone interviews following the intervention were
provided with an additional US $50 gift card.
Walking clubs were facilitated using Runkeeper, a free mobile
fitness app that allows users to keep track of distance traveled,
calories burned, and time spent engaging in physical activities.
The app separates statistics by week, month, and year so that
people are able to track their short- and long-term progression.
In addition, Runkeeper has social features that set it apart from
other fitness trackers. It is possible to create groups within the
app in which the members can interact. Users can scroll through
a feed and leaderboard that details their group mates’ PA, and
they can like, post, and comment. A feature of the app is that it
is necessary to manually start and stop exercise occasions for
the app to log them. Participants were required to log walks on
Runkeeper at least twice per month (6 times in total) to be
considered adherent to the intervention.

Quantitative Data Collection
Runkeeper uses GPS technology to record walking distance in
miles (not steps). Participants manually started and stopped the
app for each PA occasion by selecting a start function on the
app to track walking time data. The research team had access
to app data on the aggregate minutes and miles walked per
participant for each of the 12 intervention weeks. Data were
analyzed using a mixed effects regression model with participant
ID as the random effect. The survey data were analyzed using
paired sample one-tailed t tests. Stata version 15 was used for
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all analyses. We also had data from the app on the number of
walks that occurred each week. These data were used to help
classify participants as adherent or not, defined as at least two
walks per month. Sensitivity analyses were conducted using
data from adherent participants.
Before and after the 3-month intervention period, all participants
received a web-based mandatory survey (Qualtrics).
Self-reported PA was measured using the International Physical
Activity Questionnaire (IPAQ), long form, which provides an
estimate of walking, moderate-intensity, and vigorous-intensity
activity within each of the following domains: work,
transportation, domestic chores and gardening (yard), and leisure
time [41]. Metabolic equivalent (MET) minutes per week were
compiled according to the IPAQ’s Guidelines for Data
Processing and Analysis [42].
The pre-post survey included questions about motivation for
PA using the Physical Activity and Leisure Motivation Scale
[43]. Its 8 subscales are (1) competition or ego, (2) appearance,
(3) other’s expectations, (4) affiliation, (5) physical condition,
(6) psychological condition, (7) mastery, and (8) enjoyment.
Each subscale has 4 items, measured on a 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). Higher
scores reflected higher motivation levels.
Social factors were also included in the pre-post survey. Social
connectedness was measured using the General Belongingness
Scale [44]. This scale has 2 domains, each with 6 items:
acceptance or inclusion and rejection or exclusion. The rejection
or exclusion subscale is reverse-coded so that higher scores
reflect greater levels of perceived acceptance or social
connectedness. Neighborhood cohesion was measured using
the Buckner Neighborhood Cohesion Scale [45]. This validated
scale has 18 items that measure 3 constructs: attraction to
neighborhood, neighboring, and psychological sense of
community [46,47]. Attraction to neighborhood measures
resident’s degree of willingness to remain in the neighborhood,
neighboring is the perceived degree of interaction between
residents in the neighborhood, and psychological sense of
community generally refers to the subjective sense of community
that residents felt within the neighborhood [45].
We ran tests of significance to ensure internal validity of the
data collected from both surveys and apps. First, we ran
descriptive statistics and all variables of interest. Then, we ran
the inferential statistics (regression) to explore the cause of the
relationship between the independent and dependent variables.

Qualitative Data Collection
We used postintervention qualitative interviews to help assess
engagement with the intervention, usability of the app, and
contextualize the quantitative results. On the basis of the
3-months monitoring and final data collected from the
Runkeeper and surveys, we randomly chose 14 participants to
conduct a phone call interview. The interviewees included 2
captains, 2 active (met adherence criteria) and 2 inactive (did
not meet adherence criteria) participants in each group. The
interviews were conducted in January 2020 and averaged 25
min in length. All participants were asked to conduct a phone
interview with our research assistants through the
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FreeConferenceCall app [48]. The audio content of each
interview was recorded with the permission of the interviewees.
Our recorded audio files of the interviews were transcribed
verbatim using GoTranscript [49]. The data were analyzed using
qualitative content analysis [50,51]. The initial codebook was
mainly based on the questioning route and was refined based
on team discussion. The final themes were built based on the
patterns and frequencies found in the data, and all final codes
were established at 90% agreement. NVivo (version 12, QSR
International) was used to assist in the process of coding and
analysis.

Results
Final Sampling
In total, we recruited 46 participants: 34 from the Facebook
advertisement, 5 from door-to-door recruitment, and 7 from
friends’ recommendations. A total of 7 were identified as males
and 39 as females (Multimedia Appendix 1). The participation
rate of the baseline survey was 100% (43/43), and the
completion rate of the exit survey was 100% (43/43).

PA
On the basis of the data collection from the app, the results
indicated no increase in either minutes (b=−.79; 95% CI −4.0
to 2.4; P=.63) or miles (b=−.07; 95% CI −0.15 to 0.01; P=.09)
walked over the intervention weeks. According to the IPAQ,
there was a significant decrease in moderate MET minutes per
week from pre- to postintervention; no other intensity categories
were significant (Multimedia Appendix 2). In the sensitivity
analysis, pre-post total and walking MET minutes per week
were positive but remained nonsignificant. The pre-post change
in psychological condition as a form of motivation (engaging
in PA to relax and cope with stress) was positive and significant
(Multimedia Appendix 2). There were no significant changes
in any of the other types of motivation. Changes in physical
condition and affiliation (doing it with others) motivations
changed direction in the sensitivity analysis and remained
nonsignificant.

Qualitative Analysis
Themes from the interviews provide further insight into walking
and motivation (Multimedia Appendix 3). Although not reflected
in the survey data, one theme suggests that participants were
motivated by the competitive aspect of the walk ranking on the
app. Participants also reported that being organized in groups
to walk enhanced feelings of accountability, competitiveness,
and peer pressure.
I felt a little positive peer pressure.
I feel like when I had to be accounted for it, I did
more, but when I wasn't being accounted for it, I did
less.
A theme from the interviews supports and provides context for
the change in psychological condition as a form of motivation.
Many considered walking to be the best way of releasing stress,
especially after their daily work.
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Anytime I've had maybe an argument with someone
or just had a stressful day, like going for a walk does
help.
In addition, many participants described walking as meditative
and described inner peace as the most meaningful benefit of
walking.

connected because usually when we get together, we
go out once a week, but this time, we were getting
together two, three times a week...
Regarding neighborhood cohesion, participants mostly expressed
that walking enhanced their appreciation for the physical and
natural features of their neighborhood.

It was nice because it's very peaceful. Walking, to me,
is almost meditative. You get to be in the moment. I
guess you can be mindful.
Themes from the interviews further suggest that participants
were avid walkers but not avid app users. Many said that they
walked more frequently than suggested by the app and often
forgot to manually start it.

I like looking at people's houses, backyards or front
yards and things like that. So, I do feel a greater sense
of belonging to my neighborhood or connection to
my neighborhood.
Some participants also felt more virtually connected with their
neighbors because of the chat platform on the app.

I probably used the app 25% of the time while
walking.
This was a particularly strong theme among participants who
did not meet the adherence criteria.
I would forget about [using] it, that would be the
honest answer...Then I would realize, what I'm
sending you guys is probably just a small percentage
of what I actually do because the app didn’t catch my
walk accurately.
Although many participants appreciated the tracking features
of the app, most were frustrated by the manual operations of it.
I would forget to turn it on or turn it on midway or
turn it off for one part and then I would stop walking
and then forget to turn it back on.
Some said they preferred wearable PA monitors that did not
require this. Themes related to the functions and operation of
the app were similar between the adherent and nonadherent
groups. However, nonadherent participants described more
barriers to PA, such as work and family issues.
I would say that I tried to walk every week, or at least
every two weeks...I am just too busy sometimes with
the two kids to fit in that, to fit in a walk. I guess it
would be more of a time thing more than a not
wanting to.
General belongingness increased significantly from pre- to
postintervention, whereas neighborhood cohesion decreased
(Multimedia Appendix 2). The total scores and all subscores
were significant for both measures. There were no changes in
direction or significance based on the sensitivity analysis.
In the interviews, a theme from both adherent and nonadherent
participants was that they enjoyed walking by themselves.
Nonadherent participants did not mention walking with others.
Adherent participants said that they preferred to walk with
friends or family members if they needed companionship.
I would walk with my mom.
I walked with that one friend every time.
When they walked with others, it was described as an
opportunity to enhance these established relationships.
It was nice because our girls could catch up on what’s
going on with our lives...I think it made us more
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I feel a little bit more connected to the neighborhood
because the people that were in my group that we
spoke during tech-wise lived around you.
These participants also revealed a lack of belongingness to their
physically existing community.
I also feel like I might be in a little bit of a different
mindset since I’m a college student and don’t really
view [city] as my home, home. Whereas some of the
people in the study, this is their full-time residence
and they know their neighbors and things like that.

Discussion
In this study, we deepened the insight into the social and health
benefits derived from participating in a neighborhood walking
club facilitated by a technical intervention.
According to the questionnaire, there was no change between
the pre-post assessments in walking minutes or miles. However,
both quantitative and qualitative results indicated that the
psychosocial aspects of walking motivated them and helped
relieve stress. The interview results showed that they considered
the most meaningful benefit of walking outside to be that it
allowed them to relieve daily stress and find some form of inner
peace. Their feedback is consistent with recent research that
outdoor walking is a way of restoring mood and releasing stress
[52,53].

Walking Patterns and Technology
Neither app data nor self-report (IPAQ) indicated an increase
in PA. However, based on interviews, the need to manually start
and stop the app resulted in inaccurate logging of activity time.
This finding is aligned with suggestions raised in other studies
that an app is best designed to integrate with wearable PA
tracking devices [26,38]. In addition, interviewees described
themselves as avid walkers, suggesting a ceiling effect that
would make it difficult for the intervention to further increase
walking behavior. Preintervention MET minutes of activity
indicated a highly active cohort. Even nonadherence likely
refers to nonuse of the app rather than inactivity, based on the
qualitative results.

Social Connectedness and Technology
Research suggests that with respect to external interventions
that try to modify human habits, people are generally interested
in changing their behavior in a particular environment only if
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they find that their energy and time are not wasted and that there
are more benefits or motivations generated. In our sensitivity
analysis, the motivation of the competition and ego did not
change, but our qualitative results showed how their motivation
for competition played a role in their participation in walking.
Interviewees’ motivation to increase walking was stimulated
by the sharing of ranking data in their corresponding group on
the app, which generated feelings of competitiveness. This is
consistent with the findings of Chen and Pu [26] that linking
users’ performance with their teammates promotes PA. The
feature of ranking in the app provides a solution in dealing with
the absence of effective tools in motivating members in walking
clubs [54].
Interviewees’ reflections on walking data sharing and ranking
are consistent with the literature that sharing PA data and
ranking among groups in apps stimulates social comparison
[55-57]. In addition, according to the findings of Arigo et al
[39], women’s strong interest in upward comparison motivates
their physical activities. Our interviewees were all female, and
some of them who had a feeling of competition were from our
active app users. Comparing individual ranking data in a group
increases individuals’ likelihood of PA, which provides another
possibility of PA motivation: that social support comes from
not only those they are familiar with [58] but also from social
cohesion through community connections [59].
In our quantitative analysis, neighborhood cohesion significantly
decreased from the beginning of the study to the end, whereas
general belongingness increased. On the basis of the qualitative
analysis, our interviewees did not have a strong feeling of
connectedness to their physical communities, although they felt
a greater virtual connection in their assigned groups. The
qualitative results provide an explanation for these results.
Although our entire walking club was built at a geographic
community around Tufts University, group members relied on
the virtual connection generated from the chat feature on
Runkeeper rather than meeting in person for walks. This is
consistent with the argument raised by Gusfield [60] that
community can also be defined by human relationship rather
than geographic boundaries. The feeling of virtual connection
in our study should be noted as a new sense of community, which
is related to the findings from McMillan and Chavis [61] that
a sense of community would be shaped by feelings of
membership and shared emotional connection. In addition, the
walking incentive generated by the ranking competition is
consistent with the argument raised by Wood et al [62] that
walking for purpose was associated with a sense of community.
The walking clubs built in our study and the mechanism of
ranking in the app may create a feeling of membership and
shared competitive connection for our participants, which might
also result in the sense of online community coming up.
However, as members know that their online community was
also all residents of the same geographic communities, it is not
possible to know if the sense of online community would have
developed without the underlying knowledge of shared
geography.
Interviewees indicated that they felt a physical connection with
their neighborhood, which would not be particularly well
captured by the Neighborhood Cohesion Scale. None of our
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interviewees indicated feeling physically closer to their fellow
club members who were strangers to them before the study.
Rather, they did feel close ties with friends or family members
in real life after this study, even though their friends or family
members did not participate. In our sensitivity analysis, the
motivation of the affiliation (ie, walking with others) motivations
changed direction. This reflects that participants tend to stay
with their familiar connections, which validates the research
conducted by Chen and Pu [26], who recruited people and their
friends together to increase participants’ motivation for
involvement. Chen and Pu [26] pointed out that technical
interventions for physical activities should consider adopting
social interaction. On the basis of our interviewees’ experience,
social interaction in PA should be built upon established
relationships rather than the interactions of strangers, a point
that has been overlooked in previous literature.

Limitations
Given that the number of participants was limited in this pilot
study, our findings cannot be generalized, and selection bias
cannot be ruled out. Although our chosen mobile app has fully
accessible open data, it had complicated settings and no
auto-tracking, which led to inaccurate data. In addition, the
intervention period lasted for 3 months during summer, and 3
months may not be long enough to observe a measurable impact
on behavior. However, the fact that the intervention took place
in summer may overestimate walking behavior, as people are
more active in the summer. The long-term effects of
community-level cohesion and participants’ various walking
patterns and motivations throughout the year could not be
tracked in this study.

Conclusions
This pilot study aims to gather preliminary information on
technology-based interventions for walking to promote social
connectedness and neighborhood cohesion and to increase PA.
According to participants’ feedback, walking benefits were not
exclusive to physical health, as mental health and inner peace
were addressed as well. Given that not only our study but also
other scholars have observed that walking has an impact on
mental health improvement, the effective promotion of walking
clubs should be related to the latest topics in mental health and
stress release. The number of participants recruited from
Facebook was much larger than that from on-site recruitment,
which indicates that traditional recruitment was not as effective
as the internet-based method. The mechanism of recruitment
conducted by Chen and Pu [26], asking participants to invite at
least one person to join them, had some success in this study.
By adopting the intervention of a mobile app, the sense of online
community appeared in our findings; it appeared that place-based
connections that might enhance neighborhood cohesion were
not formed. The feeling of competitiveness derived from online
data sharing was found in our study as a new incentive for
walking. However, it was not the direct motivation for social
connections among group members. The mobile app created a
virtual connection among walking group members, and its data
sharing and ranking generated new motivations for individual
walking. However, it was difficult to build social connections
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effectively in walking clubs. On the basis of our qualitative
analysis, the ties between participants and their friends were
enhanced because they walked together, but they did not develop
connections with other participants who were strangers to them
before the study.

members. However, different strategies are likely needed to
promote community-level cohesion. One such mechanism might
be asking participants to involve acquaintances in the
technology-based intervention to help bridge the gap between
virtual and physical connections.

Technology-based interventions should be tailored to the
majority’s needs. Participants in our study expressed their need
to use wearable auto-tracking fitness app or electronic and push
notifications. The mobile app should be provided with
communication timeliness and user convenience, which would
increase the chance of changing human behavior of walking
and social contact regarding technology-based interventions.
Ogilvie et al [63] concluded that people would be able to walk
more if interventions were targeted at their needs or motivations.

The lessons learned from this study suggest areas for future
research. To achieve the goal of neighborhood cohesion, it may
be necessary to redesign the intervention or to build features
that are more closely tied to the physical environment. There
is clearly a need to try different apps to achieve our goals, most
likely those that are compatible with a wearable fitness device.
Future studies may focus on the user experience of wearing
fitness devices, from which we can examine how social
perceptions are derived from a technological intervention as
well as any difference between those perceptions in the physical
and virtual worlds. Our future research will also aim to
investigate in-depth interactions between walking behavior and
the corresponding mobile app or devices to discover or modify
the interventions that best meet the needs of walking group
participants.

In summary, the technology-based intervention for walking
effectively boosts individual-level well-being by creating virtual
connections and feelings of competitiveness. Most participants
discovered that walking helped to improve their mental health,
release stress, and promote bonds with their friends or family
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Abstract
Background: The web-based EatWellQ8 food frequency questionnaire (FFQ) was developed as a dietary assessment tool for
healthy adults in Kuwait. Validation against reliable instruments and assessment of its reproducibility are required to ensure the
accuracy of the EatWellQ8 FFQ in computing nutrient intake.
Objective: This study aims to assess the reproducibility and relative validity of the EatWellQ8 146-item FFQ, which included
images of food portion sizes based on The Composition of Foods by McCance and Widdowson and food composition tables from
Kuwait and the Kingdom of Bahrain, against a paper-based FFQ (PFFQ) and a 4-day weighed food record (WFR).
Methods: Reproducibility of the EatWellQ8 FFQ was assessed using a test-retest methodology. Participants were required to
complete the FFQ at 2 time points, 4 weeks apart. To assess the relative validity of the EatWellQ8 FFQ, a subset of the participants
were asked to complete a PFFQ or a 4-day WFR 1 week after the administration of the EatWellQ8 FFQ. The level of agreement
between nutrient and food group intakes was estimated by repeated EatWellQ8 FFQ administration. The EatWellQ8 FFQ, PFFQ,
and 4-day WFR were also evaluated using the Bland-Altman methodology and classified into quartiles of daily intake. Crude
unadjusted correlation coefficients were also calculated for nutrients and food groups.
Results: A total of 99 Kuwaiti participants (64/99, 65% female and 35/99, 35% male) completed the study—53 participated in
the reproducibility study and the 4-day WFR validity study (mean age 37.1 years, SD 9.9) and 46 participated in the PFFQ validity
study (mean age 36.2 years, SD 8.3). Crude unadjusted correlations for repeated EatWellQ8 FFQs ranged from 0.37 to 0.93 (mean
r=0.67, SD 0.14; 95% CI 0.11-0.95) for nutrients and food groups (P=.01). Mean cross-classification into exact agreement plus
adjacent was 88% for nutrient intakes and 86% for food groups, and Bland-Altman plots showed good agreement for energy-adjusted
macronutrient intakes. The association between the EatWellQ8 FFQ and PFFQ varied, with crude unadjusted correlations ranging
from 0.42 to 0.73 (mean r=0.46, SD 0.12; 95% CI −0.02 to 0.84; P=.046). Mean cross-classification into exact agreement plus
adjacent was 84% for nutrient intake and 74% for food groups. Bland-Altman plots showed moderate agreement for both energy
and energy-controlled nutrient intakes. Crude unadjusted correlations for the EatWellQ8 FFQ and the 4-day WFR ranged from
0.40 to 0.88 (mean r=0.58, SD 0.13; 95% CI 0.01-0.58; P=.01). Mean cross-classification into exact agreement plus adjacent
was 85% for nutrient intake and 83% for food groups. Bland-Altman plots showed moderate agreement for energy-adjusted
macronutrient intakes.
Conclusions: The results indicate that the web-based EatWellQ8 FFQ is reproducible for assessing nutrient and food group
intake and has moderate agreement compared with a PFFQ and a 4-day WFR for measuring energy and nutrient intakes.
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Introduction

Methods

Background

Study Sample

According to the World Health Organization, noncommunicable
diseases (NCDs) remain to be the main cause of global
premature mortality [1]. Diets rich in energy and saturated fat
and low in fruits and vegetables have been associated with the
development of NCDs [2,3]. Inaccurate dietary assessment
methods may be a serious obstacle in understanding the impact
of dietary factors on disease [4]. Several dietary assessment
methods are available, including the food frequency
questionnaire (FFQ), diet history, weighed food record (WFR),
and 24-hour dietary recall [5]. FFQs require respondents to state
the frequency of intake of a predefined list of foods over a
specified period and are one of the most commonly used tools
to assess the relationship between diet, health, and disease [6].

A sample size between 50 and 100 is recommended to accurately
evaluate the Bland-Altman limits of agreement (LOA) between
2 methods [5]. Participants aged 18 to 65 years were recruited
from Kuwait through email, poster advertisement, word of
mouth, booths at colleges and health institutions, and social
media (WhatsApp, Facebook, YouTube, and Instagram).
Participants were then provided with an information sheet
clarifying the study, a consent form, or an assent form (for
participants aged 18-21 years) and asked to complete a
web-based screening questionnaire. Participants were emailed
a feedback response dependent on whether they met the
inclusion criteria. A minimal set of exclusion criteria were
applied (subjects aged below 18 years; pregnant or lactating;
no or limited access to the internet; following a prescribed diet,
including a weight-reducing diet in the previous 3 months;
diabetes; celiac disease; Crohn disease; and previous chronic
medical conditions requiring continuing therapeutic intervention
apart from hypertension medication and statins). The study was
approved by the Research Ethics Committee at the University
of Reading (School of Chemistry, Food, and Pharmacy Research
Ethics Committee, Ref. No. 13/17) and conformed with the
Declaration of Helsinki. The study also received ethical approval
from the Research Ethics Committee at the Dasman Diabetes
Institute (DDI), Kuwait (RA-2015-018).

With the widespread availability of the internet, there has been
a growing interest in using the web to assess dietary intake and
deliver health-related messages. Traditional dietary assessment
methods have been customized for internet use in research as
they allow for the direct storage of data and automatic generation
of nutrition outputs [7,8]. In addition, web-based dietary
assessment methods may be more cost-effective and can include
photographs of food portion sizes, increasing the ease of use
for respondents, and can be designed to be user-friendly and
tailored toward a specific target group [9,10].
This study is part of the EatWellQ8 study, which aims to
investigate whether web-based personalized nutrition (PN; based
on dietary intake and anthropometrics) is as effective as
face-to-face communication of PN in Kuwait. Kuwait currently
has the highest adult obesity levels in the Gulf region [11]. The
latest findings indicate that around 78% of adult men and 82%
of women in Kuwait are either overweight or obese [12].
The novel EatWellQ8 FFQ was developed to assess the dietary
intake in Kuwait and included 146 food items and photographs
of food portion sizes. The validated Food4Me FFQ, the
European Prospective Investigation of Cancer (EPIC) Norfolk
FFQ (version CAMB/PQ/6/1205), and a paper-based FFQ
(PFFQ) for Kuwait were used as guides in the development of
the EatWellQ8 FFQ food items and categories of food [13-16].
Good agreement between the web-based Food4Me FFQ and
the EPIC-Norfolk FFQ for the estimation of energy-adjusted
nutrient intake was shown earlier [15,16].

Objectives
The aim of this study is to develop and test the reproducibility
of the EatWellQ8 FFQ for the assessment of food and nutrient
intake in a Kuwaiti population for use in the EatWellQ8 study
and to compare estimates of dietary intake using this tool with
data obtained from a 4-day WFR and a validated paper, Kuwaiti
FFQ (PFFQ) [14].
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Study Design
To assess the reproducibility of the EatWellQ8 FFQ, 100
participants were asked to complete the web-based FFQ twice,
4 weeks apart for intake over the past month, between the
months of September and December. To assess the relative
validity of the EatWellQ8 FFQ, participants were also asked to
complete a 4-day WFR, a week after completing the web-based
FFQ. An additional 50 participants were asked to take the
EatWellQ8 FFQ at baseline and to complete a validated PFFQ
for Kuwait a week after completing the web-based FFQ. The
Kuwaiti PFFQ and the 4-day WFR were delivered to the
participants in person or sent via email, depending on the
participant’s preference. Participants were asked to complete
the forms and hand them in person or to scan and email them
to the researcher. Participants were asked to complete a usability
survey after completing the first EatWellQ8 FFQ [17].
Reminders were sent biweekly to participants in the form of
email and text messages to encourage completion of the tools.
All participants were requested to maintain their usual diet
during the study.

The EatWellQ8 FFQ
The web-based EatWellQ8 semiquantitative FFQ was designed
to measure the short-term nutritional and dietary intakes of
adults in Kuwait. The design and development of the novel
EatWellQ8 FFQ was led by researchers from the Hugh Sinclair
JMIR Form Res 2021 | vol. 5 | iss. 3 | e13591 | p.31
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Unit of Human Nutrition and the Biomedical Engineering
section at the University of Reading. The validated Food4Me
FFQ, the well-validated EPIC-Norfolk FFQ (version
CAMB/PQ/6/1205), and a valid semiquantitative FFQ for
Kuwait were used as a guide in the development of the novel
FFQ to identify food items and categorize food into different
food groups [13,14]. To ensure that the EatWellQ8 FFQ was
suitable for use among people in Kuwait, participants were able
to choose between 2 languages—Arabic and English. The novel
FFQ comprised 146 food items (Multimedia Appendix 1) that
represented food items and composite dishes commonly
consumed in Kuwait. Several new foods that are commonly
consumed in Kuwait were added to the existing food categories,
for example, pomegranate, guava, and mango were added to
the fruit list and Lebanese bread and Iranian bread were added

Alawadhi et al
to the bread and savory biscuit list. A new food section titled
Kuwaiti composite dishes was added, which included 23 food
items such as Machboos Laham, Biryani, and Harees to ensure
that commonly consumed foods were included in the FFQ. In
addition, traditional Kuwaiti desserts such as Konafa, maamoul,
and luqaimat were added to the sweets and snacks section to
ensure the inclusion of most of the commonly consumed food
items. Alcoholic drinks and pork were removed from the FFQ
as they were not commonly consumed items and also to respect
the religious culture in Kuwait. Food items on the web-based
FFQ appeared as a list where all the food items are displayed
on a single page, as compared with displaying foods in food
groups that are presented over several consecutive pages (Figure
1).

Figure 1. Screenshot of the web-based EatWellQ8 food frequency questionnaire illustrating the 3 portion size photographs for the assessment of the
portion size.

Photographs
Portion size photographs for 64 of the foods were derived from
the Food4Me food portion size photograph list [15]. The
remaining 83 food items were purchased from local
supermarkets and local restaurants and bakeries in Kuwait. All
foods were prepared and photographed at the DDI, Kuwait, over
a period of 7 days or sessions by a professional photographer
from DDI. Photographs were taken in the demo kitchen at DDI
using the same lighting and a standard dining set of plates and
cutlery that were positioned consistently for each session. All
foods were weighed using calibrated portable food scales
(Salter), and the calculated Food4Me portion sizes were used
as a guide for all food items.
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The Four-Day WFR
Participants were asked to record all food items and beverages
consumed over a four-day period that included 3 weekdays
(Sunday to Thursday) and 1 weekend day (Friday to Saturday).
Before beginning the WFR, participants were asked to attend
a preliminary training session at DDI given by a dietitian on
how to describe food products and use the provided food scales
(Salter Disc Electronic Kitchen Scales SKU1036 WHSSDR).
Participants were given the flexibility of estimating portion
sizes when they were unable to weigh the food items (eg, when
dining out).
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The Kuwaiti Validated FFQ

Statistical Analysis

A total of 50 participants were asked to complete a PFFQ after
completing the initial web-based FFQ. The Kuwait Validated
FFQ is a self-administered semiquantitative FFQ that was
developed in 2009. The FFQ was developed to target the
frequency of consumption and portion sizes of food and
beverages regularly consumed by the Kuwaiti population [14].
Standardized portions of the food items and beverages were
used to estimate portion sizes, and 9 frequencies ranging from
never or once a month to more than 6 times/day were used for
frequency estimation [14]. The FFQ included questions on the
average intake of 201 food items over the past 4 months.
However, the time frame was reduced to 1 month for the purpose
of the validation study. The food items were divided into the
following 14 groups: cereals, composite dishes, marag (stew),
soups, meat dishes, snacks, desserts, dairy products, beverages,
fruits, vegetables, stuffed vegetables, salads, and miscellaneous.
The food intake (g/day) was calculated by multiplying the
portion of each food listed in the FFQ by the frequency of
consumption and by the nutrient composition of the food using
the United States Department of Agriculture nutrient database
[14].

Statistical analyses were performed using SPSS (version 24.0,
PASW). Normality was assessed using the Shapiro-Wilk test,
and log transformation was used for nonparametric data when
necessary. A paired two- tailed t test was performed to assess
differences in participants’ energy intake (kcal) between the
methods used. SDs and mean nutrient intakes were calculated
for baseline, repeated EatWellQ8 FFQ, PFFQ, and four-day
WFR. Comparisons between nutrient intakes were performed
using a general linear model analysis, which was controlled
further for energy and gender, where there was a significant
interaction between nutrient intake and gender. To check for
normality, data were analyzed using a Shapiro-Wilk test, and
either the Pearson or the Spearman correlation coefficient (SCC)
was used for normally or nonnormally distributed data,
respectively. Correlations were considered statistically
significant if the P value was <.05.

Dietary Intake Analysis
Estimated dietary intake data from the EatWellQ8 FFQ were
generated automatically by the web-based EatWellQ8 app,
which was described previously by Franco et al [17]. Nutritional
composition and portion sizes of the 146 food items were
calculated using the Food4Me food list [18], fifth and sixth
editions of The Composition of Foods by McCance and
Widdowson [19,20], the Kingdom of Bahrain Food Composition
Tables [21], and the National Kuwait Food Composition List
[22]. From these lists, the most commonly consumed food items
were selected and used to calculate the composition of the lists
of foods in the EatWellQ8 FFQ. The nutritional compositions
of all the Kuwaiti composite dishes were determined using the
Kingdom of Bahrain food composition list and a Kuwaiti food
composition list [21,22]. Portion sizes were primarily derived
using the Food4Me food list [15,16]. To calculate the portion
sizes, the food codes for each of the frequently consumed foods
were identified from the Food4Me database and used to
formulate the code for the food items in the FFQ. PASW
Statistics version 24 (SPSS Inc) was used to calculate the 25th,
50th, and 75th percentile of daily food intake, which
corresponds, respectively, to small, medium, and large portion
of these foods when consumed by the general population [15].
Estimated nutrient intakes for the PFFQ were analyzed using a
Microsoft Excel file that was based on the web-based EatWellQ8
programmed system. The four-day WFR intakes were analyzed
using Nutritics software (version 1.8, database MW6, Nutritics
Ltd, Co).

Over-Underreporting
Participants’ results were excluded from the analysis if their
daily energy intake was found to be less than 500 kcal or greater
than 4500 kcal in any of the methods [23].
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To test for agreement between the different dietary intake
methods and repeated EatWellQ8 FFQ, cross-classification of
nutrient intakes to assess the percentage of participants classified
into the following quartiles: exact agreement (percentage of
cases cross-classified into the same quartile), exact agreement
plus adjacent (percentage of cases cross-classified into the same
or adjacent quartile), disagreement (percentage of cases
cross-classified 2 quartiles apart), and extreme disagreement
(percentage of cases cross-classified into extreme quartiles).
The Bland-Altman [24] method was used to further analyze the
LOA for energy intakes and macronutrients between the
repeated EatWellQ8 FFQ and between the 3 methods
(EatWellQ8 FFQ, WFR, and PFFQ). On the basis of the
Bland-Altman method, dietary intake methods were found to
be repeatable or comparable if greater than 95% of the data
plots fell within the 2 SD of the mean (LOA) and by calculating
the bias calculated by the mean difference and SD of the
differences.

Results
Overview
Of the 235 participants screened for the study, 218 were found
to be eligible. Participants were excluded (n=17) because of
incomplete FFQs or not fulfilling the screening requirements
because of medication use, food allergies, or an existing illness.
The mean BMI, weight, and height of participants included in
the study were 25.6 kg/m2 (SD 4.4), 70.3 kg (SD 14.0), and
165.5 cm (SD 8.6), respectively, and the mean BMI, weight,
and height of dropouts were 25.7 kg/m2 (SD 4.3), 70.7 kg (SD
13.8), and 166 cm (SD 8.2), respectively. A high dropout rate
of 48.6% (106/218) was found, which was mainly because of
participants’ unwillingness to complete all aspects of the study.
The mean completion time of the EWQ8 FFQ was 14.3 minutes
(95% CI 12.9-15.3) [17]. A total of 110 participants completed
the EatWellQ8 FFQ1, of which 60 completed EatWellQ8 FFQ2
and a four-day WFR and 50 were asked to complete a PFFQ.
In total, 18 participants were excluded from the analysis because
of reported energy intakes of <500 kcal or >4500 kcal [23].
Removal of under-overreporters did not have an impact on the
outcomes of reproducibility and validity (data not shown). Of
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these, 53 participants completed the second EatWellQ8 FFQ,
46 completed EatWellQ8 FFQ2 and the four-day WFR, and 46
participants completed the PFFQ. An illustration of the flow of
the participants is shown in Figure 2. Demographic
characteristics based on self-report are shown in Table 1. No

significant differences were found between age and BMI for
females and males. A higher percentage of females completed
both studies (60/92, 65% in the validation study and 35/53, 66%
in the reproducibility study).

Figure 2. Participant flow during the study.

Table 1. Demographic characteristics of participants who completed the reproducibility and validation studies.
Study

Population, n (%)

Demographic characteristics, mean (SD)
Age (years)

Weight (kg)

Height (cm)

BMI (kg/m2)

Reproducibility
All

53 (100)

37 (9.9)

70.3 (13.9)

165.5 (8.6)

25.6 (4.4)

Female

35 (66)

36 (9.8)

64.9 (11.1)

161.6 (6.2)

24.9 (4.6)

Male

18 (34)

39 (9.7)

80.8 (12.8)

173.3 (7.3)

26.8 (3.5)

All

92 (100)

36 (8.3)

71.9 (15.5)

167.4 (8.1)

25.2 (4.4)

Female

60 (65)

37 (9.2)

65.6 (11.9)

163.8 (5.6)

24.3 (4.4)

Male

32 (35)

34 (6.1)

82.6 (15.4)

173.6 (7.9)

27.0 (3.9)

Validation
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Reproducibility of the EatWellQ8 FFQ
Comparison of Nutrient Intake Between Repeated
EatWellQ8 FFQs
No significant differences were found between macronutrient
and micronutrient intake evaluated in FFQ1 and FFQ2 (Table
2). Correlations were found to be significant for all nutrients
(P=.01) and ranged from 0.37 (polyunsaturated fatty acids [FAs],
percentage total energy [%TE]) to 0.82 (iron), with a mean value
of r=0.67 (SD 0.14; 95% CI 0.11-0.89; Multimedia Appendix
2 Table S1). Adjustments for energy and gender did not modify
these correlations. Results of the cross-classifications for
percentage of participants classified into quartiles of exact
agreement ranged from 40% (polyunsaturated FAs, %TE) to
62% (total folate). Classifications of exact agreement plus
adjacent regions ranged from 77% (monounsaturated FAs, %TE)
to 100% (energy, kcal). Disagreement was relatively low, the
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mean percentage of participants classified into quartiles of
disagreement was 8%, and the mean of participants classified
as having extreme disagreement was 1.40%.
The Bland-Altman plots for estimates of energy (kcal), protein
(%TE), total fat (%TE), and carbohydrate (%TE) intakes are
shown in Figure 3. Good agreement was found in the
Bland-Altman plots, as the majority of the cases fell within the
95% LOA. The EatWellQ8 FFQ presented good reproducibility
for the evaluation of daily fat intake, with less than 4% of cases
outside the LOA. For energy and carbohydrate, less than 6%
fell outside the LOA and 7% for protein. On the basis of the
LOA values, greater agreement was found for protein (%TE)
compared with energy, total fat, and total carbohydrate (%TE).
No significant bias was identified for any nutrient. Variation
between estimates of energy and energy-adjusted macronutrient
intakes increased with higher mean intakes (Figure 3).
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Table 2. Mean daily energy and nutrient intakes estimated by repeated measures of the web-based EatWellQ8 food frequency questionnaire (N=53).

a

Nutrient

EatWellQ8 FFQ1a, mean (SD)

EatWellQ8 FFQ2, mean (SD)

P valueb

P valuec

Energy (kcal)

2724 (1355)

2524 (1232)

.09d

N/Ae

Total fat (g)

104.7 (56.2)

96.1 (50.2)

.79

.79

Total fat (%TEf)

34.2 (7.7)

34.2 (7.8)

.96

.96

SFAg (g)

43.5 (27.0)

38.5 (22.1)

.49

.49

SFA (%TE)

14.0 (4.4)

13.6 (4.8)

.73

.73

MUFAh (g)

45.4 (25.0)

40.0 (21.4)

.34

.34

MUFA (%TE)

14.9 (4.2)

14.3 (3.9)

.41

.41

PUFAi (g)

18.0 (9.1)

17.5 (8.9)

.46

.46

PUFA (%TE)

6.1 (1.7)

6.4 (1.7)

.58

.58

Omega 3 (g)

0.17 (0.2)

0.20 (0.4)

.47

.47

Protein (g)

117.8 (57.3)

111.4 (52.2)

.84

.84

Protein (%TE)

17.7 (4.1)

18.5 (5.1)

.53

.54

Carbohydrate (g)

348 (197)

323 (182)

.87

.88

Carbohydrate (%TE)

51.1 (9.8)

50.3 (10.7)

.76

.77

Total sugars (g)

149 (91)

134 (79)

.69

.69

Total sugars (%TE)

22.1 (9.2)

21.4 (7.3)

.67

.67

Calcium (mg)

1288 (682)

1192 (633)

.86

.86

Total folate (µg)

405 (204)

358 (167)

.29

.29

Iron (mg)

16.8 (9.5)

15.0 (7.8)

.41

.41

Total carotene (µg)

6581(6161)

5548 (4079)

.41

.41

Riboflavin (mg)

2.3 (1.2)

2.2 (1.1)

.90

.89

Thiamin (mg)

2.1 (1.1)

1.9 (0.9)

.78

.77

Vitamin B6 (mg)

2.8 (1.2)

2.7 (1.2)

.85

.85

Vitamin B12 (µg)

5.2 (3.3)

5.4 (3.4)

.33

.33

Vitamin C (mg)

200 (116)

183 (135)

.77

.76

Vitamin A REj (µg)

1319 (1048)

1153 (718)

.48

.48

Retinol (µg)

241 (190)

258 (191)

.15

.15

Vitamin D (µg)

3.1 (2.3)

3.4 (3.2)

.36

.36

Vitamin E (mg)

15.4 (7.5)

14.3 (7.6)

.89

.89

Sodium (mg)

3159 (1570)

2948 (1485)

.99

.99

FFQ: food frequency questionnaire.

b

Controlled for energy.

c

Controlled for energy and gender.

d

Value derived from paired sample t test.

e

N/A: not applicable.

f

%TE: percentage total energy.

g

SFA: saturated fatty acid.

h

MUFA: monounsaturated fatty acid.

i

PUFA: polyunsaturated fatty acid.

j

RE: retinol equivalent.
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Figure 3. Reproducibility study of Bland-Altman plots for (a) energy, (b) total carbohydrate, (c) protein, and (d) total fat with the bias (mean difference)
and limits of agreement. The solid line represents the bias (mean difference), and the dotted lines represent the limits of agreement. %TE: percentage
total energy; CHO: carbohydrates; PRO: protein.

Comparison of Food Group Intakes Between Repeated
EatWellQ8 FFQ
Food items were categorized into 32 food groups to assess the
differences between repeated administrations of the web-based
EatWellQ8 FFQ. SCCs ranged from 0.40 (savories) to 0.93
(meat products) with a mean value of r=0.67 (SD 0.14; 95% CI
0.11-0.95; Multimedia Appendix 2 Table S2). Significant
correlations were found for all food groups (P=.01). The
cross-classification of participants classified into quartiles of
exact agreement ranged from 45% (salad vegetables) to 76%
(meat products). Moderately high classifications of exact
agreement and adjacent were found, which ranged from 66%
(confectionary and savory snacks) to 98% (meat products).

Validation of the EatWellQ8 FFQ
Comparison of Nutrient Intakes Between the EatWellQ8
FFQ and the Kuwaiti PFFQ
No significant differences were found between 70% of the
macronutrients and micronutrients evaluated by the EatWellQ8
FFQ1 and PFFQ (Table 3). Estimated energy intakes were found
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to be significantly higher (difference 398 kcal/day) and 17%
higher (P<.001) in the EatWellQ8 FFQ1 than in the PFFQ.
After controlling for energy, similar estimated intakes of
macronutrients and micronutrients were observed for EatWellQ8
FFQ1 and the PFFQ except for saturated fatty acids (SFAs) and
monounsaturated fatty acids (MUFAs; g, %TE), which were
significantly higher for EatWellQ8 FFQ than for PFFQ
(P<.001). Furthermore, the estimated intakes of total folate
(P=.01), retinol (P<.001), and vitamin B12 (P<.001) were higher
in the PFFQ than in the EatWellQ8 FFQ.
With the exception of omega 3 FAs and retinol, correlations
were found to be significant for all nutrients (P=.01) and ranged
from 0.42 (vitamin D) to 0.73 (energy), with a mean value of
r=0.54 (SD 0.12; Multimedia Appendix 2 Table S3). However,
large variations were found in 95% CI ranging from −0.02 to
0.84, and weak 95% CIs were found for retinol (−0.02) and
omega 3 FAs (−0.11). The results of the cross-classifications
for percentage of participants classified into quartiles of exact
agreement ranged from 35% (total fat) to 57% sodium (Na),
exact agreement plus adjacent, ranging from 76% (total fat,
%TE) to 93% (energy) with low levels in disagreement (13.41%)
and extreme disagreement (2.40%).
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Table 3. Mean daily energy and nutrient intakes estimated by the web-based EatWellQ8 food frequency questionnaire and a paper-based food frequency
questionnaire and general linear model results (N=46).
Nutrient

EatWellQ8 FFQa, mean (SD)

PFFQb, mean (SD)

P valuec

P valued

Energy (kcal)

2297 (779)

1899 (505)

<.001e

N/Af

Total fat (g)

92.1 (40.8)

69.1 (23.4)

.12

.12

Total fat (%TEg)

35.5 (7.8)

32.4 (5.1)

.13

.13

SFAh (g)

38.4 (17.9)

26.9 (9.1)

.01

.01

SFA (%TE)

14.9 (4.8)

12.6 (2.7)

.01

.01

MUFA (g)

39.5 (19.5)

26.4 (9.7)

<.001

.001

MUFA (%TE)

15.1 (4.3)

12.3 (2.3)

<.001

.001

PUFAj (g)

16.1 (7.8)

13.1 (6.5)

.64

.58

PUFA (%TE)

6.2 (1.7)

6.1 (1.8)

.93

.96

Omega 3 (g)

0.1 (0.2)

0.3 (0.3)

<.001

<.001

Protein (g)

104 (41)

93 (41)

.35

.33

Protein (%TE)

18.2 (5.0)

19.4(6.1)

.39

.37

Carbohydrate (g)

280 (102)

241 (70)

.53

.53

Carbohydrate (%TE)

49.1 (10.5)

51.2 (7.9)

.53

.54

Total sugars (g)

125 (52)

105 (32)

.56

.53

Total sugars (%TE)

22.3 (8.8)

22.6 (6.2)

.53

.53

Calcium (mg)

1126 (542)

933 (358)

.86

.84

Total folate (µg)

323 (135)

328 (116)

.01

.01

Iron (mg)

13.5 (5.7)

11.5 (4.0)

.48

.49

Total carotene (µg)

5042 (3430)

4781 (4325)

.82

.82

Riboflavin (mg)

2.0 (0.9)

1.8 (0.7)

.30

.31

Thiamin (mg)

1.7 (0.7)

1.5 (0.4)

.18

.18

Vitamin B6 (mg)

2.4 (0.8)

2.1 (0.8)

.77

.77

Vitamin B12 (µg)

4.8 (2.8)

5.5 (3.2)

<.001

<.001

Vitamin C (mg)

163 (141)

156 (98)

.67

.68

Vitamin A REk (µg)

1054 (590)

1110 (796)

.22

.22

Retinol (µg)

237 (138)

387 (452)

<.001

<.001

Vitamin D (µg)

2.6 (2.0)

2.3 (1.7)

.48

.45

Vitamin E (mg)

12.7 (7.0)

9.5 (3.9)

.44

.45

Sodium (mg)

2701 (1058)

2102 (771)

.21

.21

i

a

FFQ: food frequency questionnaire.

b

PFFQ: paper-based food frequency questionnaire.

c

Controlled for energy.

d

Controlled for energy and gender.

e

Value derived from paired sample t test.

f

N/A: not applicable.

g

%TE: percentage total energy.

h

SFA: saturated fatty acid.

i

MUFA: monounsaturated fatty acid.

j

PUFA: polyunsaturated fatty acid.

k

RE: retinol equivalent.
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Overall, moderate agreement was found in the Bland-Altman
plots between the EatWellQ8 and the paper form of PFFQ, with
87% of all cases falling within the 95% LOA (Figure 4). The
EatWellQ8 FFQ presented good validation for the evaluation
of energy and daily intake of fat, with approximately 4% of
cases falling outside the LOA. For daily intake of carbohydrates,
less than 6% fell outside the LOA and, for protein, 8% fell out
of the LOA. Protein (%TE) had the narrowest LOA, which

Alawadhi et al
signifies better agreement compared with energy, total fat
(%TE), and carbohydrate (%TE). The bias (mean difference)
between energy intakes was significantly higher (398 kcal/day),
with greater intakes reported in the EatWellQ8 FFQ. A high
mean bias was found for total fat (−3.05%TE) compared with
total carbohydrate (2.67%TE) and protein (1.20 %TE). No other
significant differences were observed.

Figure 4. Validation study of Bland-Altman plots comparing the EatWellQ8 food frequency questionnaire (to a paper-based food frequency questionnaire
for (a) energy, (b) total carbohydrate, (c) protein, and (d) total fat with the bias (mean difference) and limits of agreement. The solid line represents the
bias (mean difference), and the dotted lines represent the limits of agreement. %TE: percentage total energy; CHO: carbohydrates; FFQ: food frequency
questionnaire; LOA: limit of agreement; PRO: protein; PFFQ: paper-based food frequency questionnaire.

Comparison of Food Group Intakes Between the
EatWellQ8 FFQ and the Kuwaiti PFFQ
SCCs ranged from 0.51 (bananas) to 0.22 (fish and fish product
or dishes; 95% CI −0.07 to 0.71; Multimedia Appendix 2 Table
S4). With the exception of fish and fish products or dishes,
significant correlations were found for all food groups (P=.047).
The cross-classification percentages of participants classified
into quartiles of exact agreement ranged from 60% (soups,
sauces, and miscellaneous foods) to 24% (white bread).
Classifications of exact agreement plus adjacent ranged from
https://formative.jmir.org/2021/3/e13591
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65% (ice cream, creams, and desserts) to 82% (teas and coffees).
The mean percentage of participants classified into quartiles of
disagreement was 15% and, for extreme disagreement, it was
9%.

Comparison of Nutrient Intakes Between the EatWellQ8
FFQ and a Four-Day WFR
Estimated macronutrient intakes were found to be similar
between the EatWellQ8 FFQ and the 4-day WFR after
controlling for energy (Table 4). However, estimated intakes
of SFA (P=.001), total carbohydrates (P=.03), and total sugars
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(g, %TE; P=.03) were significantly higher in the EatWellQ8
FFQ than in the four-day WFR. Significantly higher estimated
intakes of omega 3 FAs, folate, total carotene, thiamin, vitamin
B6, vitamin C, vitamin A retinol equivalent, and Sodium
(P=.02) were found for the EatWellQ8 FFQ compared with the
four-day WFR. Similar results were found after controlling for
both energy and gender.
Significant correlation for all nutrients was found at the P=.01
level, correlation coefficients ranged from 0.40 (iron) to 0.88
(energy), with a mean value of r=0.61 (SD 0.13; 95% CI
0.13-0.93; Multimedia Appendix 2 Table S5). The percentage
of volunteers classified into quartiles of exact agreement ranged
from 28% (polyunsaturated fatty acid, g) to 67% (energy, kcal).
Values were higher for classifications of exact agreement plus
adjacent and ranged from 71% (MUFA, %TE) to 95% (protein,
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g). The mean percentage of volunteers classified into quartiles
of disagreement was 11%, and less than 2% of volunteers were
classified as having extreme disagreement.
In total, good agreement between the methods was found, with
less than 5% of cases falling outside of the LOA for all of the
plots (Figure 5). On the basis of the LOA values, the highest
agreement was found for protein (%TE) compared with energy
total carbohydrate (%TE) and total fat (%TE). Bias (mean
difference) between energy intakes was small (81 kcal/day),
with greater values estimated in the EatWellQ8 FFQ. Higher
bias for energy-adjusted total carbohydrate (4.39%TE) and total
fat (1.20%TE) intake was measured in the EatWellQ8 FFQ.
However, a higher bias for energy-adjusted protein (1.65%TE)
intakes was measured in the four-day WFR.
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Table 4. Mean daily energy and nutrient intakes estimated by the web-based EatWellQ8 food frequency questionnaire and a four-day weighed food
record and general linear model results (N=46).
Nutrient

EatWellQ8 FFQa, mean (SD)

WFRb four-day, mean (SD)

P valuec

P valued

Energy (kcal)

2199 (862)

2119 (772)

.17e

N/Af

Total fat (g)

84.2 (39.0)

74.3 (27.6)

.08

.08

Total fat (%TEg)

34.0 (7.4)

32.8 (8.5)

.47

.48

SFAh (g)

36.8 (18.2)

28.0 (12.0)

.001

.001

SFA (%TE)

14.8 (3.8)

11.9 (2.8)

.002

.002

MUFA (g)

35.8 (17.9)

29.8 (13.9)

.04

.04

MUFA (%TE)

14.5 (4.1)

13.2 (5.1)

.17

.17

PUFAj (g)

14.5 (6.8)

11.7 (6.5)

.03

.03

PUFA (%TE)

5.9 (1.6)

5.2 (2.7)

.07

.07

Omega 3 (g)

0.1 (0.2)

0.3 (0.3)

.002

.002

Protein (g)

106 (50)

112 (55)

.11

.11

Protein (%TE)

19.3 (5.2)

21.00 (6.44)

.16

.16

Carbohydrate (g)

272 (117)

238 (102)

.03

.03

Carbohydrate (%TE)

49.8 (9.7)

45.4 (9.5)

.03

.03

Total sugars (g)

130 (74)

104 (63)

.03

.03

Total sugars (%TE)

23.1 (8.2)

19.3 (8.1)

.03

.02

Calcium (mg)

1191 (668)

1005 (508)

.07

.07

Total folate (µg)

345 (152)

288 (121)

.02

.02

Iron (mg)

13.4 (5.4)

11.9 (5.0)

.13

.13

Total carotene (µg)

5106 (4439)

3407 (3480)

.04

.04

Riboflavin (mg)

2.1 (1.2)

1.9 (1.1)

.40

.40

Thiamin (mg)

1.8 (0.8)

1.4 (0.5)

.001

.001

Vitamin B6 (mg)

2.5 (1.2)

2.0 (0.9)

.01

.01

Vitamin B12 (µg)

5.3 (3.5)

6.6 (11.3)

.37

.38

Vitamin C (mg)

178 (153)

126 (80)

.04

.04

Vitamin A REk (µg)

1057 (766)

739 (497)

.02

.02

Retinol (µg)

223 (147)

202 (112)

.56

.57

Vitamin D (µg)

2.6 (1.9)

2.9 (1.8)

.26

.26

Vitamin E (mg)

11.8 (6.7)

10.6 (5.3)

.39

.39

Sodium (mg)

2552 (898)

2010 (815)

.001

.001

i

a

FFQ: food frequency questionnaire.

b

WFR: weighed food record.

c

Controlled for energy.

d

Controlled for energy and gender.

e

Value derived from paired sample t test.

f

N/A: not applicable.

g

%TE: percentage total energy.

h

SFA: saturated fatty acid.

i

MUFA: monounsaturated fatty acid.

j

PUFA: polyunsaturated fatty acid.

l

RE: retinol equivalent.
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Figure 5. Validation study of Bland-Altman plots comparing the EatWellQ8 food frequency questionnaire with a four-day weighed food record for
(a) energy, (b) total carbohydrate, (c) protein, and (d) total fat with the bias (mean difference) and limits of agreement. The solid line represents the bias
(mean difference), and the dotted lines represent the limits of agreement. %TE: percentage total energy; CHO: carbohydrates; FFQ: food frequency
questionnaire; PRO: protein; WFR: weighed food record.

Comparison of Food Group Intakes Between the
EatWellQ8 FFQ and the 4-Day WFR
The correlation coefficients and cross-classifications of mean
food group intakes between the EatWellQ8 FFQ and the
four-day WFR. SCCs ranged from 0.30 (bananas) to 0.88 (red
meat; Multimedia Appendix 2 Table S6). Significant correlations
were found for all food groups (95% CI 0.01-0.91), and weak
95% CIs were found for breakfast cereals and porridge (0.08)
and bananas (0.01; P=.046). The cross-classification percentages
of participants classified into quartiles of exact agreement ranged
from 28% (green vegetables) to 65% (wholegrain and brown
breads and rolls). Relatively high classifications of exact
agreement plus adjacent were found, ranging from 71% (green
vegetables) to 97% (red meat). The mean percentage of
participants classified into quartiles of disagreement was 11%
and, for extreme disagreement, it was 5%.

Discussion
Principal Findings
This study aimed to evaluate the reproducibility of the
EatWellQ8 FFQ and to test its relative validity against a
https://formative.jmir.org/2021/3/e13591
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semiquantitative Kuwaiti PFFQ and a four-day WFR. The
EatWellQ8 FFQ has been developed to assess dietary and
nutrient intakes in the EatWellQ8 study to investigate the
effectiveness of delivering personalized face-to-face dietary
advice compared with web-based dietary advice in Kuwait. It
included images of 3 different portion sizes for each food item
to aid in portion size estimation and food recognition. The need
to develop a culturally sensitive FFQ that reflected the diet of
the Kuwaiti population was necessary to avoid misclassifications
of dietary intakes. The results of this study indicated that the
EatWellQ8 FFQ is a suitable tool with moderate validity for
the assessment of nutrient and food intake in a sample of healthy
adults living in Kuwait.

Reproducibility
Overall, the EatWellQ8 FFQ had good reproducibility for the
estimation of nutrient intake and food groups over a period of
4 weeks. The correlation coefficients for all nutrients were
significant, compared with previous studies, and nearly all fell
within the acceptable range of 0.5 to 0.7 for reproducibility
trials proposed by Cade et al [5,16,25-29]. Similarly, strong
associations were found between food groups with a mean SCC
value of 0.67, which was comparable with previous web-based
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FFQ reproducibility studies by Fallaize et al [16] and Vereecken
et al [30] that reported mean correlations of 0.75 and 0.64,
respectively. However, a limitation in the trial by Vereecken et
al [30] was the short assessment time between repeatability of
the FFQs of only 1 to 2 weeks, which may have impacted the
power of the trial. The usage of correlation analysis to assess
agreement has been questioned as it only measures the degree
of association between 2 variables and does not assess agreement
[5,24]. Cross-classifications into quartiles of agreements and
Bland-Altman plots were used to measure agreement. Analysis
of cross-classifications of exact plus adjacent agreement of
energy, nutrients, and food group intakes (mean value of 88%)
indicated a high level of agreement and a low level of
misclassification (<10%), similar to the results of previous
web-based FFQ studies [10,16]. The high level of reproducibility
may be in part due to the short period (4 weeks) between FFQ
administrations, as true changes in dietary intakes are less likely
to occur within a short period [31]. These data were also
supported by the level of reproducibility from the Bland-Altman
analysis for energy-controlled total protein, fat, and
carbohydrate, which compared with findings from Fallaize et
al [16] and Papazian et al [32]. Limitations to the trial by
Papazian et al [32] were the relatively small sample size of 38
and the short interval time between FFQ administrations of 3
weeks, which may have impacted trial outcomes.
Results from several previous reproducibility studies have shown
greater intakes in energy and nutrient intakes in the first FFQ
compared with the second FFQ [10,16,26,29,33]. No significant
differences between intakes were observed in this study, except
for SFA and MUFA; however, quantitatively higher estimated
energy and nutrient intakes were found in the initial
administration of the EatWellQ8 FFQ compared with the second
administration, which may be because of questionnaire boredom
as a result of the short period between FFQs [5,34]. However,
it has been proposed that the good reproducibility of the
EatWellQ8 FFQ may be influenced by the short interval between
FFQ administrations. It has been proposed that if the interval
time between FFQs is short (1-6 months), participants’ memory
may influence the outcome, leading to overestimation in the
reproducibility [16,35]. In contrast, underestimation was found
in FFQs with longer time intervals (>6 months) because of
changes in dietary habits [36]. We were keen for participants
not to change dietary habits and explicitly asked for no change,
which could have contributed to good reported reproducibility
in our study. An additional factor that may have contributed to
the good reproducibility is the use of photographs as an aid to
food portion size estimation. It has been proposed that
reproducibility is enhanced in FFQs that take into account food
portion sizes, especially when participants are allowed to specify
their own portion size [5].

Relative Validity
Overall, the results of the validation study demonstrated
moderate to weak agreement between the EatWellQ8 FFQ and
2 dietary collection tools for the estimation of energy and
nutrient intakes: a PFFQ and a four-day WFR. This was reflected
by the higher level of bias being estimated by the EatWellQ8
FFQ for macronutrients (except for protein) and the level of
disagreement in the cross-classifications, particularly in relation
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to food groups. This was also reflected by the large variations
in the 95% CI range for both nutrients and food groups. The
mean absolute intakes for most of the nutrients did not differ
significantly between the tools. However, significant differences
were found for specific FA (eg, SFA), which could possibly be
because of differences in the food items presented in the FFQs.
Similar to previous findings by Forster et al [15] and Beasley
et al [26], compared with a PFFQ, the EatWellQ8 FFQ estimates
of energy intake were significantly higher (P<.001). It has been
reported that underestimation of dietary intake is common in
PFFQs, which has been proposed to be because of errors such
as skipped questions and a broad or vague use of portion size
description [28].
With the exception of 2 nutrients (omega 3 FA and retinol),
SCC fell within the range considered acceptable for FFQ
validation trials from 0.4 to 0.7 [37,38]. The mean SCC for
nutrients attained in this trial (r=0.54) was higher than that
reported for a web-based FFQ validated against a PFFQ (r=0.47)
and the one reported in the validation of a web-based diet history
questionnaire against a four-day WFR [26,39]. The weakest
SCC was found for specific FA (eg, omega 3 FA), and this
finding was supported further in the results of
cross-classifications, which also showed the least agreement
for FA. This may be explained by a higher within-subject
variation in fat intake. In this study, correlation coefficients for
food groups were found to be relatively lower than the
correlations found in trials by Forster et al [15] and Boeckner
et al [40] that ranged from 0.42 to 0.90, which may be because
of differences in the length of the PFFQs and number of food
groups analyzed. Wide variations were observed in SCC
between the EatWellQ8 FFQ and the PFFQ for food groups,
suggesting that participants were able to estimate certain food
items (eg, bananas) more accurately [41]. The proposed reasons
for these variations are answering fatigue as a result of the length
of the FFQs and may be a result of an overestimation of items
that are perceived as healthy, such as vegetables and fruits,
which is also common in other web-based FFQs [16,39].
The results of cross-classification for energy and nutrient intakes
indicated that most participants were classified into exact plus
adjacent quartiles that ranged from 76% to 93% and extreme
disagreement or misclassification was <5% for most nutrients.
Comparable cross-classifications that ranged from 77% to 99%
were found when the Food4Me web-based FFQ was validated
against the well-validated EPIC-Norfolk FFQ [15]. However,
disagreement was high for food groups, especially for the food
groups that were located at the end of PFFQ (eg, ice cream,
creams, and desserts), suggesting answering fatigue. The results
of the Bland-Altman plots showed moderate agreement between
the methods for estimates of energy and energy-adjusted
macronutrient intakes, and the least agreement was for %TE of
fat. A possible reason for the disagreement between the tools
may be participants’ inability to assess portion sizes accurately
using the PFFQ because of the lack of food photographs of
portion sizes.
The EatWellQ8 FFQ was found to estimate higher energy,
nutrient, and food group intakes compared with the 4-day WFR.
These results were expected as it has been found in previous
studies that FFQs that contain >100 items tend to show an
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overestimation in energy, nutrient, and food intake compared
with WFR and 24-hour recalls, which may be because of
underestimation of the latter methods or overestimation of FFQ
[35,42]. Comparable percentages of individuals classified into
quartiles of exact agreement (mean 49%) and exact plus adjacent
agreement (mean 84%) were found between the EatWellQ8
FFQ and the four-day WFR for energy, nutrient intakes, and
food groups, and low levels of disagreement were found.
Cross-classifications were within the range reported in previous
trials, which were both validated against WFRs [16,43]. The
results of the Bland-Altman plots established good agreement
between the 2 methods for energy and energy-adjusted
macronutrient intakes. In addition, 28 of 30 nutrients measured
had a correlation of higher than the 0.40 threshold recommended
by Cade et al [5]. The relatively short period between
administrations of the 2 methods (7 to 10 days) could have
contributed to the high correlations. Highly variable SCCs were
found for food group intakes that ranged from 0.29 for bananas
to 0.88 for red meat, with a mean value of 0.55. Results from
previous studies found similarly high variations that ranged
from 0.09 to 0.95 [16,23,44,45]. It may be difficult to compare
our results with previous studies because of differences in the
type of food record used, food items included in specific food
groups, and differences in the time intervals in each of the
studies. Variations between the EatWellQ8 FFQ and the 4-day
WFR were greatest for bananas, green vegetables, meat
products, and tinned fruit or vegetables. This may be because
of overestimations by the FFQ of foods perceived as healthy
and can be because of the relatively short WFR (4 days), which
may not reflect the individuals’ dietary habits compared with
the EatWellQ8 FFQ, which conveys the diet over the previous
month, especially for foods that are not consumed regularly
[46]. The wide variations observed in correlations between the
EatWellQ8 FFQ and the four-day WFR may indicate whether
volunteers could accurately estimate the consumption of some
food items compared with others [16,41]. Compared with
previous studies that compared FFQs with WFR, our results
showed strong agreement for red meat (r=0.88) intake and fish
and fish products, which are often consumed less frequently
than other groups. A possible reason could be the differences
in diets consumed in the Gulf compared with Western countries
[47] and may be because of the short interval between the
administration of the FFQ and the four-day WFR.

Strengths and Limitations
This study had many strengths, which included the comparison
of the EatWellQ8 FFQ with 2 frequently used methods for
dietary collection, one of them being the gold standard (a WFR)
and the other a PFFQ to assess the reproducibility and relative
validity of the EatWellQ8 FFQ [16]. Moreover, the sample size
in this validation study was found to be adequate and
comparable with the sample size used in previous studies
[16,28,43,48].
Limitations of the validation study include the short interval
time between administrations of the comparison tools (WFR
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and PFFQ) and the EatWellQ8 FFQ administration (7-10 days),
which may have resulted in the similarity of responses between
the tool. The addition of composite Kuwaiti dishes to the
EatWellQ8 FFQ may have led to double reporting of food items
and overestimation of caloric intake. In addition, the relatively
large number of items (n=146) in the EatWellQ8 FFQ may have
led to increased confusion and questionnaire fatigue or boredom.
However, the validated comparison tools used (WFR and PFFQ)
may also have been considered time consuming and burdensome
for participants as the PFFQ, which included more than 200
items, takes approximately 35 to 40 minutes to complete, and
the WFR required the weighing of food several times per day.
Questionnaire tiring or boredom is particularly concerning as
it can lead to underreporting of food items and may have
therefore compromised the results [5]. However, the PFFQ was
the only validated paper FFQ available for comparison in
Kuwait, and WFR is a recommended comparison in validation
studies.
Willet et al [49] suggested that the preferred sample size for
FFQ validation studies is between 100 and 200, especially if
they also take into account nutrient intakes; thus, the smaller
sample size achieved in this study may be a limitation. However,
it should be noted that the current trial did face recruitment
issues. In addition, there was a high dropout rate in the trial,
which may have resulted from the lack of an incentive upon
completion or to participants’ unwillingness to complete all 3
aspects of the study because of fatigue or boredom. Owing to
the limited data available on the participants (eg, lack of
sociodemographic and habitual data), it was not possible to
account for known issues in self-reporting or deduce whether
the sample was representative of the Kuwaiti population.
An additional limitation is the lack of biomarker data or
alternative objective reference measures to validate the
subjective questionnaire. It should also be noted that the
EatWellQ8 FFQ and nutrient assessments did not consider
supplements in the calculation of nutrition intakes, which may
have led to their inaccurate assessments. Although seasonality
is a common limitation in validation studies, it was not a concern
in the current trial as the period of assessment for both validation
and reproducibility fell between fall and winter. Owing to the
lack of recent food composition tables specific to Kuwait, an
additional limitation may be inaccurate assessments of nutrient
content of some food items, which further highlights the need
for dietary assessment software that is specific for Kuwait.

Conclusions
In conclusion, the web-based self-administered EatWellQ8 FFQ,
developed to assess energy and nutrient intake in healthy adults
living in Kuwait, was found to have good reproducibility and
moderate relative validity compared with a PFFQ and a four-day
WFR. The results indicate that the novel web-based FFQ could
be used as a dietary intake tool for the assessment of dietary
intake in healthy adults living in Kuwait.
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Abstract
Background: Adherence to medication regimens and patient rest are two important factors in the well-being of patients with
serious mental illness. Both of these behaviors are traditionally difficult to record objectively in unsupervised populations.
Objective: A digital medicine system that provides objective time-stamped medication ingestion records was used by patients
with serious mental illness. Accelerometer data from the digital medicine system was used to assess rest quality and thus allow
for investigation into correlations between rest and medication ingestion.
Methods: Longest daily rest periods were identified and then evaluated using a k-means clustering algorithm and distance
metric to quantify the relative quality of patient rest during these periods. This accelerometer-derived quality-of-rest metric, along
with other accepted metrics of rest quality, such as duration and start time of the longest rest periods, was compared to the objective
medication ingestion records. Overall medication adherence classification based on rest features was not performed due to a lack
of patients with poor adherence in the sample population.
Results: Explorations of the relationship between these rest metrics and ingestion did seem to indicate that patients with poor
adherence experienced relatively low quality of rest; however, patients with better adherence did not necessarily exhibit consistent
rest quality. This sample did not contain sufficient patients with poor adherence to draw more robust correlations between rest
quality and ingestion behavior. The correlation of temporal outliers in these rest metrics with daily outliers in ingestion time was
also explored.
Conclusions: This result demonstrates the ability of digital medicine systems to quantify patient rest quality, providing a
framework for further work to expand the participant population, compare these rest metrics to gold-standard sleep measurements,
and correlate these digital medicine biomarkers with objective medication ingestion data.
(JMIR Form Res 2021;5(3):e17993) doi:10.2196/17993
KEYWORDS
serious mental illness; rest quality; actimetry; behavioral health; digital medicine; accelerometer; medication adherence

Introduction
Lack of adherence to medication regimens is a significant public
health issue that contributes to increased health care utilization
[1,2]. Adherence is of particular concern in patients with serious
mental illness (SMI), including schizophrenia, bipolar disorder,
and major depressive disorder, with estimates of nonadherence
as high as 60% [1,3]. Within this population, effective
pharmacotherapy is critical for mitigating the risk of serious
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adverse events, such as psychosis, symptom recurrence, poor
social functions, hospitalizations, and suicide attempts [4,5].
Conventional methods of inferring medication adherence to
pharmacotherapy have limited utility, as they are typically either
subjective or acquire only surrogate markers of medication
ingestion [6]. Thus, there is a clear, unmet clinical need for
adherence monitoring that digital medicine is ideally suited to
address. In this context, digital medicine refers to a system that
combines an active pharmaceutical and an ingestible sensor that
JMIR Form Res 2021 | vol. 5 | iss. 3 | e17993 | p.49
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communicates to a mobile app or web-based application to
record that patients have taken their medication at a specific
time [7], providing an objective measure of ingestion.
Another potentially useful biomarker for patients with SMI is
disruption in sleep [8,9] and activity patterns [10,11], both of
which have been significantly linked to mental health. The
digital medicine system (DMS) used here noninvasively records
activity-related parameters such as step count, physical patient
orientation, and heart rate. Due to battery optimization for
ingestion monitoring, the DMS does not record these metrics
at a sufficiently high temporal resolution to perform common
sleep identification techniques, such as heart rate variability
analysis [12,13]. However, accelerometer-based actigraphy has
been extensively validated against gold-standard sleep
measurements like polysomnography [10,14-17]; thus, the
available data from the DMS can noninvasively provide valuable
insight into patterns of rest and activity in patients with SMI at
the currently available temporal resolution and battery
consumption while simultaneously recording previously
unavailable objective medication ingestion data with a single
device in a natural care setting.
Thus, the goals of this study were twofold. First, 3-axis
accelerometer data from the DMS and a novel analysis algorithm
were used to identify and analyze patients’ longest period of
rest during each day they were on the system. The relative
quality of these rest periods was quantified using a modified

Heidary et al
k-means clustering algorithm of accelerometer-derived features;
previous actimetry research has correlated these types of activity
features with wakefulness in sleep studies [14-17]. These activity
features should thus also be correlated with measurements of
rest quality as defined by the National Sleep Foundation, such
as sleep efficiency and wake after sleep onset [18]. The stability
of the rest period duration and consistency of the rest period
starting time were also assessed across all days for each patient,
as measurements of rest duration [18-20] and starting time
[9,10,18] have also been correlated with quality of rest. Finally,
preliminary correlations between rest and medication ingestion
records were explored.

Methods
DMS
The DMS used here has been described previously [21]. Briefly,
the DMS is a combination of an ingestible sensor embedded in
an active pharmaceutical and a sensor patch that is attached to
the torso, which records ingestion events and measures activity
via a 3-axis accelerometer and an estimated sample heart rate
with a single-lead electrocardiogram (ECG). The patch, which
the patient must apply, also contains a temperature sensor and
an impedance sensor and is designed to be worn for 7 days. The
collected data is uploaded and stored in the cloud via a mobile
phone app that also displays a patient dashboard (see Figure 1).

Figure 1. Schematic of the DMS. The DMS consists of an ingestible sensor embedded within an aripiprazole tablet. Upon ingestion, this sensor
communicates with a patient-worn patch, which records the ingestion event and provides measures of activity and heart rate using an accelerometer
and ECG, respectively, as well as temperature and impedance across the patch. The patch then communicates all data to a smartphone app, which stores
the data on a secure cloud server that can be accessed by patients or designated caregivers via a mobile or web-based dashboard. DM: digital medicine;
DMS: digital medicine system; ECG: electrocardiogram; HCP: health care provider; IEM: ingestible event marker.

This system is designed for monitoring medication ingestion in
patients with SMI. Each measured ingestion event is recorded
with a timestamp. The accelerometer data are measured across
a 14-second sample every minute, and a built-in algorithm
converts the raw data to a step count, mean acceleration along
all 3 axes (ax, ay, az), and mean body orientation angle (θ), which
are read out at 1-minute intervals. When the patch initially
observes activity, the accelerometer is calibrated such that the
x-axis is approximately oriented along the longitudinal axis of
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the body regardless of the orientation of the patch. The ECG
provides the mean heart rate every 5 minutes.

Study Population
The population used in this analysis comprised 102 participants
enrolled across 2 clinical studies (NCT02219009,
NCT02722967) [22,23]. Table 1 contains the demographic and
clinical characteristics for these patients. All participants were
previously diagnosed with schizophrenia, bipolar disorder, or
major depressive disorder and were regularly receiving
JMIR Form Res 2021 | vol. 5 | iss. 3 | e17993 | p.50
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once-daily doses of the atypical antipsychotic aripiprazole. For
the duration of the study, patients received the digital version
of aripiprazole. Both studies were reviewed and approved by
the appropriate institutional review boards, and patients were
all deemed capable of using the DMS and provided signed
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informed consent. To ensure the reliability of individual rest
metrics, the data set presented here excludes 14 additional
patients enrolled in the studies that did not have at least 7 days
of recorded data from the DMS patch.

Table 1. Demographic and clinical characteristics of the sample population.
Characteristic

Values (N=102)

Gender, n (%)
Female

40 (39)

Male

62 (61)

Age (years), mean (SD)

45.9 (11.3)

Race, n (%)
Black or African American

56 (55)

White

39 (38)

Asian

5 (5)

Other

2 (2)

Ethnicity, n (%)
Hispanic or Latino

5 (5)

Not Hispanic or Latino

97 (95)

Diagnosis, n (%)
Schizophrenia

71 (70)

Bipolar 1 disorder

21 (21)

Major depressive disorder

10 (10)

Observed ingestion (%)
Median (IQR)

71.3 (28.9)

Range

14.8-96.6

Observed ingestion duration (days)
Median (IQR)

54 (14)

Range

7-64

Definition of Longest Rest Periods
The DMS patch provides step count and posture angle
measurements from the accelerometer every minute and the
mean heart rate from the ECG every 5 minutes. These
measurements were partitioned into 15-minute nonoverlapping
time intervals, which were assessed for data quality. A
15-minute interval was considered analyzable if all 3 of the
following conditions were met: (1) there was no point in the
interval at which the patch was pairing with the mobile app, (2)
there were at least 10 collected accelerometer measurements
within the interval, (3) there were at least 2 ECG records within
the window.
Any intervals that failed 1 or more of these criteria were labelled
as missing, ensuring that intervals were only used if they
contained sufficient reliable patch data.
For analyzable intervals, each 1-minute accelerometer record
was then examined, and if the posture angle of that record was
less than 30° away from horizontal, it was classified as rest.
https://formative.jmir.org/2021/3/e17993
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Based on these accelerometer measurement labels, the
analyzable 15-minute intervals were then classified as either
rest (if greater than 70% of the records in that interval were
classified as rest) or active (if the rest criterion was not met).
These 15-minute windows were then used to define each
patient’s longest period of rest for a given day. The first step
was to identify the longest period of consecutive rest intervals
that did not contain any active or missing intervals; however,
this simple longest continuous rest period (LCRP) was likely
an insufficient representation of the patient’s true longest rest
period (LRP). For one, intervals labeled as missing could
artificially shorten these periods. Additionally, a single active
interval is not necessarily indicative of the end of that rest
period; for example, sleep is often interrupted by a short period
of activity. Thus, an algorithm was used, as illustrated in Figure
2, to extend these longest periods of rest to more accurately
capture the duration of each rest period.
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Figure 2. Flowchart for finding the longest rest period. The first step in defining the longest rest period for a given day is to locate the LCRP (ie, the
longest duration of consecutive 15-minute rest windows without any active or missing windows). The algorithm described in the flowchart is then used
to determine if nearby windows are added to the LCRP.

Briefly, sequences of continuous rest windows that were within
5 intervals of either the beginning or end of the initial longest
LCRP were added to the LRP if the intervening intervals were
all missing (ie, none of them were labeled as active). If exactly
1 active interval was present between the longest interval and
another rest interval in any of the 5-interval windows, only

sequences that contained 4 or more consecutive rest intervals
were added to the LRP. If more than 2 intervals between the
original period and the additional rest period were labeled as
active, the new rest period was not added to the LRP. Figure 3
provides the 15-minute interval rest designations and identified
LRPs for a single patient across all days.

Figure 3. Rest state interval designations and longest rest periods for a single subject. (A) All 15-minute windows were classified as either rest, active,
or missing, according to the procedure discussed in the Methods section. (B) The longest rest period for each day was identified using the procedure
shown in Figure 2.
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Rest Features and Metrics
With the LRP identified for each patient on each day, features
were then developed to quantify the relative quality of rest
within these intervals. For this purpose, 3-minute rolling
windows of the accelerometer data, consisting of 3D acceleration
(ax, ay, az), posture angle (θ), and step count, were used, resulting
in 13 individual data points for each 15-minute window. In all,
35 features (see Multimedia Appendix 1 Table S1) were tested,
and 4 features were chosen via a feature agglomeration
technique which is similar to agglomeration clustering but uses
recursive merging of features instead of samples [24]. The
feature agglomeration clustering algorithm was run
independently for each patient in the data set, and 4 features
that were consistently grouped into separate clusters across all
patients were chosen.
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These 4 features were then normalized to their respective ranges
and used in a k-means clustering algorithm with 2 groups (k=2);
2 groups were purposely chosen to identify both a rest-reference
(RR) cluster, in which the mean posture angle was closer to a
horizontal position, and a deviation-from-rest (DFR) cluster. A
Euclidean distance across the 4D feature space quantified the
deviation from the rest cluster for each data point; because the
4 individual features used in this model are associated with rest
quality, this distance can be interpreted as a metric for the
quality of rest. For all points in the DFR cluster, the distance
was calculated from that point to the center of the RR cluster
in the 4D feature space. All points that were designated as part
of the RR cluster were given a distance measure of 0; thus, low
values indicated higher rest quality, while higher values
indicated poorer rest quality. Figure 4 shows a sample patient
cluster diagram with the Euclidean distance calculation.

Figure 4. K-means clustering and relative rest quality in a single patient for 2 of the 4 features. (A) K-means clustering diagram plotted across 2
dimensions representing 2 of the 4 features in the clustering algorithm. All data points for each patient were classified using 2 clusters defined as the
rest reference cluster (in blue) and the deviation from rest cluster (in orange). (B) Relative rest quality distance metric calculation. A quality of rest
metric, represented here by variations in color, was also determined for each data point by calculating the Euclidean distance of the point from the center
of the rest reference cluster. All points within the rest reference cluster were assigned a distance of 0. Note that the rest quality color does not have a
perfect correlation with apparent distance on this 2D graph because the Euclidean distance is calculated across all 4 feature dimensions.

Within each 15-minute window, the distance measurements of
all points were then summed to create a single rest quality
metric. Figure 5A displays these LRPs and the calculated rest
quality in each window for a single patient. The relative rest
quality for each LRP was defined as the mean of the relative
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rest quality in all 15-minute windows within that LRP. Finally,
for a given patient, the mean and SD of the relative rest quality
of the LRP across all days were used to transform the rest quality
metric for each LRP into a z score.

JMIR Form Res 2021 | vol. 5 | iss. 3 | e17993 | p.53
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Heidary et al

Figure 5. Daily relative rest quality and ingestion for a single patient. (A) The longest rest period for each day. Each bar represents the time windows
that constitute the longest rest period for a given day. The color of each 15-minute interval within each bar represents the rest quality metric for that
window. (B) Ingestion times for each day. Recorded ingestion events are marked with a red circle, missed ingestions are marked with an empty black
circle, and the mean ingestion time across all days is represented by the horizontal line. (C) Ingestion and composite rest z scores. The composite rest
z score (in orange), which is the sum of the rest quality, starting time, and duration z score, and the ingestion time z score (in blue) are plotted across
all days for the same patient. We searched for data points where outliers in the composite rest z score occurred near the same day as a corresponding
outlier in the ingestion time z score (eg, on day 15). Note that days without recorded patch data were excluded from the analysis.

The z score metrics of the stability of the LRP duration and of
the consistency of the LRP starting time were similarly
calculated across all days for each participant. A composite rest
z score for each LRP could then be calculated by summing the
absolute values of the quality, stability, and consistency z score
measurements.

Ingestion Metrics
Patient medication ingestion was quantified with 2 metrics. The
first was the patient’s overall observed ingestion rate, calculated
as the number of days during which an ingested dose was

recorded divided by the expected number of ingested doses
across the entire regimen, which was defined as the time from
the first day with recorded patch data to the last day with an
ingestion record (see Table 1 and Figure 6A). The second metric
was a z score of daily ingestion time using the mean and SD of
ingestion time across all days for a given patient. These ingestion
time markers were compared to the previously described rest
metrics by searching for single-day outliers in the rest z score
within 1 day of similar outliers in the ingestion time z score (see
Figure 5B).

Figure 6. Ingestion rate and composite rest score. (A) Distribution of ingestion rate by patient. Ingestion rate was defined as the fraction of days that
contained an ingestion event. Notice that there are relatively few patients with a poor ingestion rate, which made developing robust classification
algorithms difficult. (B) Distribution of mean composite rest score across all days for each patient. (C) Ingestion rate versus mean composite rest score.
There is no clear correlation between the ingestion rate and the composite rest score. Note, however, that there are no patients with very poor adherence
(ie, an ingestion rate less than 0.5) that have a low composite rest score, which would be indicative of better rest.
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Results
A total of 35 features, calculated across 3-minute rolling
windows, were explored to characterize rest in this population
of 102 patients with SMI. There were no significant observed
differences across the 3 indications in this population (ie,
schizophrenia, bipolar disorder, or major depressive disorder)
for any of the forthcoming metrics. The 4 features chosen by
the aforementioned agglomeration technique were the mean of
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the circular deviation in the y–z acceleration plane, the mean
of the posture angle, the mean of the 3D acceleration norm, and
the SD of the x acceleration (see Table 2), which were all
calculated across 3-minute rolling windows. The circular
deviation in the y–z acceleration, which represents the degree
to which the combination of the y and z components of the
acceleration differ from the full 1-g resting acceleration, was
particularly successful at differentiating rest windows from
those designated as active (see Figure 7).

Table 2. Rest features.
Name

Definition

y–z acceleration circular deviation (mean)
Posture angle (mean)
Acceleration norm (mean)
x acceleration (SD)

σ(αχ)

Figure 7. The y–z acceleration circular deviation. (A) Mean z-axis acceleration versus mean y-axis acceleration for all data points in units of g. (B)
Mean z-axis acceleration versus mean y-axis acceleration for all rest data points in units of g. Note that, for the remaining data points, the y-axis and
z-axis accelerations tend to cluster around a circle with radius 1. Thus, the circular deviation in the y–z plane is an effective feature for differentiating
rest from nonrest.

These 4 features were used in the k-means clustering algorithm
to create the RR and DFR groups as well as the relative rest
quality distance metric (see Figure 4). The distance metrics for
each 3-minute window were summed over each 15-minute
interval, and the mean across the LRP was calculated for each
patient on each day, providing a metric of rest quality throughout
each LRP (see Figure 5A). Note that the value of this metric is
inversely related to the quality of rest. The start time and
duration of each LRP was also calculated. The z scores for this
rest quality, along with the start time stability and duration of
the LRPs, were calculated with respect to the mean and SD of
all LRPs within a given patient’s data set. A composite rest
score was then defined by summing the absolute value of the 3
z score metrics for each LRP. This composite score was thus a
https://formative.jmir.org/2021/3/e17993
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measure of the combined magnitude of deviation from a
patient’s typical pattern for these 3 rest metrics. The distribution
of the mean value of this composite rest score for all patients
can be seen in Figure 6B.
These rest metrics were then compared to the overall ingestion
rate for each patient, which was defined as the fraction of days
a patient was using the DMS that contained an ingestion event.
This study population had a notable lack of patients with poor
adherence; for example, only 15% of patients had an observed
ingestion percentage of 50% or less (see Figure 6A). Patients
with lower adherence did appear to have a relatively low quality
of rest as quantified by the composite rest metric; there were
no patients with an ingestion rate equal to or less than 50% that
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had a low composite rest z score (see Figure 6C), which signifies
better rest. However, the asymmetry in high versus low
adherence and the small sample size precluded statistically
significant conclusions about the overall correlation between
low adherence and rest quality.
We were, however, able to explore correlations between daily
outliers in the composite rest score with outliers in ingestion
time that occurred within 1 day of the rest outlier. One such
example can be seen in Figure 5C. Although this sample does
not contain sufficient events of this type to develop quantitative
conclusions, this could be a potentially useful marker for
identifying rest-related adherence risk factors in the time
domain.

Discussion
Principal Results
This DMS combines objective, time-stamped records of
medication ingestion with noninvasive physiological markers
of activity and heart rate in patients with SMI. It thus provides
a unique opportunity to measure the quality of rest and explore
correlations between rest and objective medication ingestion
data. Here, algorithms were developed to both identify rest
periods and quantify the relative quality of the rest within these
periods using only the data available from the DMS without
increasing battery consumption.
The LRP identification algorithm used accelerometer data, as
provided by the DMS, to first find 15-minute windows that
could be classified as rest and then to combine these windows
to find a daily period of longest rest. Thirty-five potential
accelerometer-measured features were explored, and the four
best were selected via a feature agglomeration methodology
(see Table 2). These features included the acceleration norm
and SD of the x-axis acceleration, with larger values associated
with greater activity. Another feature was the posture angle,
with 0 corresponding to a patient lying down and deviations
representing a greater degree of uprightness. The most novel
feature was the circular deviation of the y–z acceleration, which
is also correlated with rest. If a patient were lying still and
perfectly horizontally, the x-axis (ie, head-to-toe) acceleration
would be small, and thus the total y–z magnitude of acceleration
would be near 1. This would be an example of high-quality rest
and result in a y–z circular deviation near 0 (see Figure 4).
Larger y–z circular deviations can thus be interpreted as an
indicator of decreased rest quality.
These 4 features served as the input for an unsupervised k-means
clustering algorithm (k=2) that included a 4D Euclidean distance
metric for each data point to the center of the RR cluster, which
was then applied to all windows in each LRP. This distance
metric thus could quantify the degree to which a patient deviates
from the RR cluster. Because each of the 4 features that
constitute this distance can individually be correlated with rest
quality, this distance metric can thus be interpreted as a deviation
from quality rest. All patients used in this clustering algorithm
were examined to ensure that their data points were not well
represented by a single rest cluster. It should be noted that other
populations could contain such a patient, which could minimize
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the contrast between the RR and DFR clusters. This algorithm
demonstrates the ability of the DMS to quantify patient-specific
rest quality despite the relatively low temporal resolution of the
available accelerometer data due to the need to prioritize power
consumption of the ingestion detection module. Thus, rest
quality can be quantified for patients already engaged with the
DMS without the use of an additional activity tracker that would
require further patient engagement.
Exploratory correlations between the calculated rest metrics
and ingestion data were hindered by the sample’s asymmetry
in medication adherence, in which few patients exhibited poor
ingestion rates. Thus, no statistically significant conclusions
about rest and overall adherence were drawn. Patients with poor
adherence did tend to have larger composite rest z scores, which
is indicative of inconsistent rest quality; however, patients that
were largely adherent to the regimen did not necessarily have
more consistent rest as measured by the composite rest z score.
A z score–based comparison of daily outliers in rest and
ingestion outliers within 1 day could also serve as a useful metric
for exploring the time-domain prediction of variability in
medication ingestion time in a study with a larger sample.

Limitations
Thus, this analysis is an important first step in leveraging the
available data from this DMS system to quantify personalized
rest metrics for eventual correlation with objective ingestion
data, providing insight into the behavioral context of medication
adherence for patients with SMI. However, the study does have
several limitations that can be addressed with future research.
The most notable is the lack of patients with very poor
adherence, which prevented the use of rest data to truly classify
patients by their adherence. This shortcoming can be easily
addressed by accruing more participants in future studies. It
would also be interesting to apply these rest metrics to patients
in a controlled sleep study, which would enable an assessment
of the degree to which these markers for rest are an accurate
surrogate of sleep. Finally, an inherent limitation of the DMS
is that it provides accelerometer data at only 1-minute intervals.
This study nonetheless demonstrates that this relatively sparse
data can still be used to effectively monitor patient rest.
There are many other future analysis directions that could be
pursued with this data. Two of the most direct extensions of
this study would be to more fully incorporate the system’s
measurement of heart rate and to begin exploring markers that
quantify a patient’s activity level throughout the day.

Conclusions
Data from the accelerometer in a DMS that provides objective
time-stamped medication ingestion records were collected and
used to develop novel algorithms for identifying and assessing
the quality of daily rest periods for individual patients. A lack
of patients with poor adherence in the sample population
prevented the use of a quantitative classifier; however, pilot
explorations of the relationship between these rest metrics and
ingestion provided several insights. Patients with poor adherence
experienced lower quality of rest, while patients with high
adherence did not exhibit a consistent rest pattern. Additionally,
the correlation of outliers in composite rest score with outliers
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in ingestion time is an interesting potential application of this
algorithm. This study is an important first demonstration of the
ability of the DMS to track patient rest, which provides a

Heidary et al
framework for future correlation of DMS-based biomarkers
with medication adherence in patients with SMI.
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Abstract
Background: Middle-aged and older adults with mental health conditions have a high likelihood of experiencing comorbid
physical health conditions, premature nursing home admissions, and early death compared with the general population of adults
aged 50 years or above. An emerging workforce of peer support specialists aged 50 years or above or “older adult peer support
specialists” is increasingly using technology to deliver peer support services to address both the mental health and physical health
needs of middle-aged and older adults with a diagnosis of a serious mental illness.
Objective: This exploratory qualitative study examined older adult peer support specialists’ text message exchanges with
middle-aged and older adults with a diagnosis of a serious mental illness and their nonmanualized age-related contributions to a
standardized integrated medical and psychiatric self-management intervention.
Methods: Older adult peer support specialists exchanged text messages with middle-aged and older adults with a diagnosis of
a serious mental illness as part of a 12-week standardized integrated medical and psychiatric self-management smartphone
intervention. Text message exchanges between older adult peer support specialists (n=3) and people with serious mental illnesses
(n=8) were examined (mean age 68.8 years, SD 4.9 years). A total of 356 text messages were sent between older adult peer
support specialists and service users with a diagnosis of a serious mental illness. Older adult peer support specialists sent text
messages to older participants’ smartphones between 8 AM and 10 PM on weekdays and weekends.
Results: Five themes emerged from text message exchanges related to older adult peer support specialists’ age-related contributions
to integrated self-management, including (1) using technology to simultaneously manage mental health and physical health issues;
(2) realizing new coping skills in late life; (3) sharing roles as parents and grandparents; (4) wisdom; and (5) sharing lived
experience of difficulties with normal age-related changes (emerging).
Conclusions: Older adult peer support specialists’ lived experience of aging successfully with a mental health challenge may
offer an age-related form of peer support that may have implications for promoting successful aging in older adults with a serious
mental illness.
(JMIR Form Res 2021;5(3):e22950) doi:10.2196/22950
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older adults; peer support; self-management; mobile technology
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Introduction
Middle-aged and older adults with mental health conditions
have a high likelihood of experiencing comorbid physical health
conditions, premature nursing home admissions, and early death
compared with the general population of middle-aged and older
adults [1]. Despite challenges associated with mental health and
comorbid physical health conditions in late life, there is a
shortage of trained professionals to address the medical,
psychiatric [2-4], and psychosocial age-related needs of this
vulnerable population. An emerging workforce of peer support
specialists aged 50 years or above is one of the fastest growing
mental health workforces and may be a suitable
community-based workforce to simultaneously support the
mental health, physical health, and aging needs of middle-aged
and older adults with a serious mental illness. A serious mental
illness is defined as a diagnosable mental, behavioral, or
emotional disorder that an adult has experienced in the past year
that causes them serious functional impairment that substantially
interferes with or limits at least one major life activity (ie,
schizophrenia, bipolar disorder, and treatment refractory major
depressive disorder) [5].
Older adult peer support specialists are people with a lived
experience of aging into middle age and older adulthood with
a mental health condition. As people with serious mental
illnesses die up to 32 years earlier than the general population
[1], older age is commonly defined as 50 years or above in this
population of peer support specialists and their service user
counterparts. For Medicaid reimbursement, older adult peer
support specialists are trained and accredited by their respective
state to provide support services that augment the traditional
mental health system. Although accreditation and certification
of older adult peer specialists varies by state, as of 2017, 41
states were billing Medicaid for peer support services [6].
Promising evidence indicates that older adult peer support
specialist services reduce hospitalizations; improve engagement
and treatment adherence; improve feelings of loneliness among
older adults [7,8]; and promote hope, empowerment, and quality
of life [9,10].
Similar to peer support specialists of any age, older adult peer
support specialists employ a collaborative approach, in which
caring for others creates an upward spiral of positivity to both
professionals and service users [11]. This approach may be
central to recovery and support bidirectional successful aging
in people with serious mental illnesses and older adult peer
support specialists themselves. Successful aging is defined as
preventing late-life disease and disability; maintaining high
cognitive, mental, and physical function; and being actively
engaged in late life [12]. As such, successful aging cannot exist
without the absence of disease, disability, and impairment, and
thus, may not apply to middle-aged and older adults with serious
mental illnesses, as the majority of this population is also
diagnosed with one or more chronic health conditions [2]. As
such, subjective factors of successful aging for people with
serious mental illnesses may include resilience, optimism,
adaptability, life satisfaction, and physical and mental
health–related quality of life [12,13].
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Older adult peer support specialists are increasingly using
technology to deliver peer support services related to addressing
both the mental health and physical health needs of older adults
[9,10], including text messaging, videoconferencing, social
media, and virtual reality. Text messages may be a low-cost
high-reach intervention to support people in the community
between clinical encounters with psychiatrists, social workers,
etc. Clinician-supported text message exchanges have shown
promising evidence of positive outcomes for improving mental
health disorders and cardiac outcomes [14]. Other supportive
clinician-based text message interventions have reported
potential improvements in users with a comorbid diagnosis of
depression and alcohol use [15]. A similar randomized
controlled trial of supportive text messages for users with
depression also reported positive outcomes for depression [16].
Despite evidence of clinician-based text message effectiveness
for people with mental health challenges, limited literature exists
on older adult peer support specialists, and unlike clinicians,
their role is to intentionally disclose their lived experiences of
aging with mental health challenges to support older adults. The
purpose of this study was to explore older adult peer support
specialists’ text message exchanges with middle-aged and older
adults with a diagnosis of a serious mental illness and their
nonmanualized age-related contributions to a standardized
integrated medical and psychiatric self-management
intervention.

Methods
Study Design
The study design and recruitment procedures have been
described in a previously published article [17]. Briefly, a
medical and psychiatric self-management intervention enhanced
with the smartphone app “PeerTECH” was offered to 10 older
adults with serious mental illness (ie, bipolar disorder,
schizophrenia spectrum disorder, and persistent major depressive
disorder) and one medical comorbidity (ie, cardiovascular
disease, obesity, diabetes, chronic obstructive pulmonary
disease, hypertension, and/or high cholesterol). All the
participants were over the age of 60 years, and the PeerTECH
intervention was delivered in the participant’s home using
eModules augmented with the smartphone app (ie, it includes
text messaging between older adult peer support specialists and
older service users). Eight of the 10 older service users
completed the intervention and were included in the current
analysis. Three trained older adult peer support specialists
delivered PeerTECH. All procedures were conducted in
accordance with the ethical standards of the Dartmouth College
Institutional Review Board and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical
standards. Written informed consent was obtained from all
participants.
An older adult peer support specialist and a research staff
member met with potential participants in their homes. As part
of the informed consent process, research staff members
provided an overview of the study and discussed the voluntary
nature of study participation and confidentiality issues. If
interested, the potential participant completed written informed
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consent and could ask any questions as needed. This study was
approved by Dartmouth College Institutional Review Board.
After the informed consent form was completed by the
participant, an older adult peer support specialist met with the
participant in his/her home for 1 hour each week over 12 weeks.
A study of PeerTECH text messaging exchanges has been
conducted with the data. The related findings have been
described in detail in a previously published report [17].
Previous research explored how older adult peer support
specialists used text messages to support integrated illness
self-management (ie, via health behavior change,
self-management therapeutic techniques, engagement in health
technology, and peer support) [17]. This study seeks to expand
on prior work by exploring unique older adult peer support
specialists’ age-related contributions to a medical and psychiatric
self-management intervention enhanced with a smartphone app.

Older Adult Peer Support Training
Older adult peer support specialists completed their
state-certified peer specialist support training. In addition to
their state credentialing, as part of this study, they were provided
a 4-day training by the third author (20 hours), which included
the following content: (1) information about the interconnected
relationship between aging, physical health, and mental health;
(2) training older adults to use technology and mitigating normal
age-related challenges using technology; (3) older adult mental
health (eg, suicidality in late life, anxiety and depression in late
life, and role of life events in mental health in older adults); (4)
techniques used in PeerTECH (ie, motivational interviewing,
psychoeducation, coping skills training, and behavioral tailoring
for medication adherence); (5) setting personalized goals and
action steps to achieve goals; (6) delivering PeerTECH sessions
in person using eModules on a tablet; (7) structure of the weekly
sessions; (8) using lived experience of successful aging, physical
health, and mental health challenges and role play in teaching
self-management skills; and (9) orientation to the smartphone
app. Each older adult peer support specialist had a two to
three-person caseload and worked a total of 10 hours per week,
including direct care, text messaging participants, and
supervision. Older adult peer support specialists were supervised
by a trained older adult peer support supervisor for 1 hour each
week in person or over the telephone. Verbal informed consent
was obtained from older adult peer support specialists during
the older adult peer support specialist training.

Text Messaging Requirements
The smartphone intervention portion of PeerTECH was designed
to reinforce in-person sessions and to provide support to people
in real-world environments. Older adult peer support specialists
were instructed to message participants a minimum of three
times a week. There was no maximum number of text messages
required. Text message exchanges were unstructured and were
to focus on nonmanualized peer support, follow-up of service
users’ goals, and discussions during in-person sessions
facilitated by eModules (eg, “hope you are doing well on your
goals- journaling and walking”). Older adult peer support
specialists were encouraged to text message at times consistent
with the preferences of the service users they were working
with. All text message content was logged, and the time/date
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was recorded. Requirements for text messaging were purposely
left unstructured in an effort to examine naturalistic interactions
between older adult peer support specialists and service users
with a diagnosis of a serious mental illness.
Smartphones and data plans were provided free of charge or
service user participants could use their own smartphone.
Participants were not provided incentives to send text messages;
however, they were provided US $20 compensation to complete
baseline, 1-month, and 3-month assessments (total of US $60
over the entire study duration). For this study, incoming and
outgoing text messages were securely stored within the
smartphone app database. Text message transcript data were
extracted into an Excel worksheet and analyzed.

Data Analysis
Transcripts were analyzed for eight participants and three older
adult peer support specialists. The codebook consisted of a priori
older adult peer support specialist and nonpeer researcher–driven
codes, which were derived from text messages, and inductively
derived codes from qualitative data [18]. The first and third
authors read data and incorporated new codes and operational
definitions from transcript coding, which is a validated approach
that allows for multiple perspectives [18]. Codes were assigned
to text, grouped, and checked for themes. Thematic analysis
was used to summarize themes identified in the text message
data [19]. Analyses assessed within-group consensus or
disagreement. Member checking was employed to validate
results and resolve any incongruent findings. As such, the third
author contacted the participating older adult peer support
specialists to discuss the key themes that emerged from the text
message data. This approach helped ensure these findings are
consistent with how older adult peer support specialists intend
to use these text message exchanges. Quantitative data
comprised the frequency of text messages by either older adult
peer support specialists or service users. Frequency data were
captured directly from the PeerTECH app. Frequency data were
integrated at the conclusion of the study.

Results
Study Sample
The sample consisted of eight service user participants and three
older adult peer support specialists. Service user participants
had a mean age of 68.8 years (SD 4.9 years; range 62-77 years)
and were primarily women (7/8, 88%), White (8/8, 100%), and
married (6/8, 75%). The sample included people diagnosed with
major depressive disorder (5/8, 63%), schizophrenia spectrum
disorder (2/8, 25%), and bipolar disorder (1/8, 13%). Older
adult peer support specialists were all aged 55 years or above.
Additionally, 100% (3/3) were female, 66% (2/3) identified as
White, and 33% (1/3) identified as African American.

Text Message Exchanges
Older adult peer support specialists sent text messages to
participants’ smartphones based on participants’ preferences
from 8 AM to 10 PM EST on weekdays and weekends. Over
the course of the 12-week intervention, a total of 356 text
messages were sent. For this study, only the text message
exchanges were analyzed. Five themes emerged including (1)
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simultaneously managing mental health and physical health
issues through empowerment and technology; (2) realizing new
coping skills in late life; (3) sharing roles as parents and
grandparents; (4) wisdom; and (5) sharing lived experience of
difficulties with normal age-related changes.

Using Technology to Simultaneously Manage Mental
Health and Physical Health
The first and most predominant theme was using technology to
simultaneously manage mental health and physical health
(29/53, 55%). Older adult peer support specialists encouraged
participants to take control of their mental health and physical
health needs using technology. For example, an older adult peer
support specialist texted as follows:
You were able to relax enough to get the exercise. It
was amazing what 10 minutes of focused quiet can
do. Take a timer and just do a mental relaxation
exercise for 5 minutes 2x a day. It will be great for
your heart. You can find guided imagery and
meditations videos on YouTube also.
Another older adult peer support specialist texted as follows:
I can feel the stress you are under. In the app, there
are several short videos on stress reduction like deep
breathing, mindfulness, meditation that you can try
to have some peace.
Another older adult peer support specialist provided tools for
reducing anxiety as follows:
Doing slow deep breathing and short meditations can
relax you and dissipate anxiety more effectively than
cigarettes. Think about it. I will look for some
YouTube videos on relaxation and/or smoking
cessation.

Realizing New Coping Skills in Late Life
The second most predominant theme was realizing new coping
skills in late life (8/53, 15%). Older adult peer support specialists
purported that they are learning new skills in late life related to
coping skill development. For example, an older adult peer
support specialist texted as follows:
Since I have been in recovery, I am learning new skills
to cope with stressful days, weeks, and months.
Another older adult peer support specialist texted as follows:
I do a lot of journaling (writing). It helps me in many
ways- when I am upset; when I don't have someone
to talk to and I need to get it out of my head; when I
have to make a big decision...Writing has been a
blessing for me especially in tough times.

Sharing Roles as Parents and Grandparents
The third most predominant theme was sharing roles as parents
and grandparents in late life (7/53, 13%). For example, an older
adult peer support specialist texted as follows:

Mbao et al
Another older adult peer support specialist texted as follows:
We as parents and women tend to put everybody first.
Now it is our time to take care of ourselves.
Older adult peer support specialists used their shared experiences
to help participants solve the challenges they were having with
their families, which were impacting service users’ mental
health. Older adult peer support specialists and older adults with
mental health conditions shared similar experiences, for
example, an older adult peer support specialist texted as follows:
We grandmothers can't hold back our sheer joy and
love we have for our grandchildren. I wish I had a
video of your “grandmother moment.” Your smile lit
up the room as you shared about your excitement
from hearing from your granddaughter (that's is tears
of joy smile).

Wisdom
The fourth theme was wisdom (6/53, 11%). Wisdom, for the
purpose of this manuscript, was defined as advanced-level
knowledge that leads to good judgment [20]. Older adult peer
support specialists and older adults with mental health conditions
both offered each other wisdom regarding aging successfully.
For example, one older adult peer support specialist texted as
follows:
We form habits without knowing it and once we
identify the “bad” habits, we can turn those unwanted
habits around in 14-21 days. We just have to be
persistent.
Another older adult peer support specialist texted as follows:
What you resist, persist what we focus on, we also
get... as a man thinketh, so is he... What the mind can
conceive and believe, it can achieve... In other words,
instead of focusing on what you don't want, put your
focus on what you do want. … What can you do to
transform your thinking? What actions can you take
to feel better today? What do you want to be focused
on? WORDS HAVE POWER and so do we. We have
a saying “Be, Do, Have” ex: Be Happy, Do things
that make you feel happy and you will have Happiness
in your life.

Sharing Lived Experience of Difficulties With Normal
Age-Related Changes
The fifth emerging theme was sharing lived experience of
difficulties with normal aging (3/53, 6%). An older adult peer
support specialist texted as follows:
Sleep is a challenge for me too. It is a process; we
will work on it. I added the Sleep module. I hope you
can get some good tips on getting a good night sleep. I
get home so late at night it’s hard for me to wind
down. Let me know what works best for you, so I can
try it too.

Being (Grandma...) means so much to me. I know you
love your grandchildren and in time we can work
through all of this with grace and ease.
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Discussion
Principal Findings
This exploratory qualitative study examined older adult peer
support specialists’ text message exchanges with middle-aged
and older adults with a diagnosis of a serious mental illness and
their nonmanualized age-related contributions to a standardized
integrated medical and psychiatric self-management
intervention. The following themes emerged: (1) simultaneously
managing mental health and physical health issues through
empowerment and technology; (2) realizing new coping skills
in late life; (3) sharing roles as parents and grandparents; (4)
wisdom; and (5) sharing lived experience of difficulties with
normal age-related changes. Older adult peer support specialists’
lived experience of aging successfully with a mental health
challenge may offer an age-related form of peer support that
may have implications for promoting successful aging in older
adults with serious mental illnesses.
The age of older adult peer support specialists and their
experiences with multimorbidity led to text message exchanges
that focused on the management of mental health and physical
health challenges using technologies outside of the PeerTECH
platform (eg, smartphone apps, YouTube, and social media
platforms). Older adults in the general population with
multimorbidity are often faced with burdens of managing
treatment, such as increased health care visits, refilling
prescriptions, managing diet concerns, and self-managing care
[14], and this is compounded by functional and structural
challenges (eg, lack of transportation) associated with serious
mental illnesses in late life [2]. As increasing numbers of older
adults with serious mental illnesses are using technologies [21],
technologies may be viable tools to support late-life
self-management of mental health and physical health
challenges. Further, older peer support specialists’ personal
experience of coping with multimorbidity using technologies
may influence service users to engage with these new
technologies to support their own medical and psychiatric
self-management skill development. Prior research has found
that clinician [22] and peer support interactions [23] within
digital mental health services facilitate engagement with
technologies. As such, older adult peer support specialists’
shared experience may have a role in influencing engagement
in digital interventions among older adults with serious mental
illnesses.
The shared lived experience of parenting and grandparenting
between older adult peer support specialists and service users
may have facilitated the development of a supportive alliance.
Older adult peer support specialists’ practice principles, unlike
those of clinicians, encourage sharing of their lived experiences
(or self-disclose) to support the recovery of individuals. The
use of intentional self-disclosure may have facilitated the
development of a supported alliance between older adult peer
support specialists and older adult service users.
Through sharing of experiences, older adult peer support
specialists offered wisdom related to navigating some of the
challenges resulting from age, illness, and life experiences.
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Wisdom is a prototype of successful aging [24] and has been
found to enhance mental health and promote well-being in older
adults (without serious mental illnesses) [25]. Possibly, through
bidirectional sharing of knowledge of aging, illness, and life
experiences, both older adult peer support specialists and older
service users may assist one another in navigating some of the
challenges of aging successfully with a serious mental illness,
which could support older adults between clinical encounters.
This is also an important area for future inquiry. As peer support
is a nonmanualized form of support [26], peer support specialists
aged 50 years or above may offer different lived experience
expertise than their younger adult peer support specialist
counterparts, based on their level of expert knowledge (ie,
wisdom).
This study is not without limitations. First, it is not known
whether we met saturation. Qualitative interviews are conducted
until there is saturation of data (ie, saturation means that
researchers reach a point in their analysis where sampling more
data will not lead to more information related to their research
questions) [27]. By drawing from grounded theory design [18],
saturation would generally occur with 20 to 30 participants in
total [28]; however, the sample size was small because the
primary study was conducted to assess feasibility [9]. It is
important to note that findings cannot be generalized; however,
the themes identified can be used to guide the development of
peer support text-messaging services as an adjunct to
evidence-based interventions [9]. Further, we were unable to
stratify our data by demographic characteristics owing to the
sample size. For example, one peer had a master’s degree in
social work, and this advanced educational background likely
influenced the person’s delivery of services. Second, peers met
in person with participants over a 12-week time frame, and
in-person follow-up discussions from text messages are not
reported. Third, the sample involved a heterogeneous group of
people with psychotic disorders and mood disorders that
predominately included those with major depressive disorder.
Fourth, the participants in this study were all receiving mental
health services, and therefore, our findings cannot be generalized
to individuals with serious mental illnesses not enrolled in care
or without access to mental health services. Finally, the results
elucidate text message themes between older adult peer support
specialists and older adults with serious mental illnesses and
chronic health conditions; however, it is not known whether the
peer-to-participant text message exchanges can improve
self-management and other clinical outcomes.

Conclusion
Older adult peer support specialists are an emerging part of the
service delivery system for older adults. Older adult peer support
specialists offered text message–based age-related experiential
contributions to support aging successfully with a mental health
and physical health condition. Through older adult peer support
specialists’ wisdom, sharing of new late-life coping skills and
similar age-specific roles in life and encouragement to use
technology to support medical and psychiatric self-management
may promote engagement in nontraditional support services (ie,
YouTube) and support for older adults with serious mental
illnesses in the community between clinical encounters.
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Abstract
Background: Interventions to involve parents in decisions regarding children’s and young people’s mental health are associated
with positive outcomes. However, appropriately planning effectiveness studies is critical to ensure that meaningful evidence is
collected. It is important to conduct pilot studies to evaluate the feasibility and acceptability of the intervention itself and the
feasibility of the protocol to test effectiveness.
Objective: This paper reports the findings from a feasibility and acceptability study of Power Up for Parents, an intervention
to promote shared decision-making (SDM) and support parents and caregivers making decisions regarding children’s and young
people’s mental health.
Methods: A mixed method study design was adopted. In stage 1, health care professionals and parents provided feedback on
acceptability, usefulness, and suggestions for further development. Stage 2 was a multicenter, 3-arm, individual, and cluster
randomized controlled pilot feasibility trial with parents accessing services related to children’s and young people’s mental health.
Outcome measures collected data on demographics, participation rates, SDM, satisfaction, and parents’ anxiety. Qualitative data
were analyzed using thematic analysis. Google Analytics estimates were used to report engagement with the prototype. Outcomes
from both stages were tested against a published set of criteria for proceeding to a randomized controlled trial.
Results: Despite evidence suggesting the acceptability of Power Up for Parents, the findings suggest that recruitment modifications
are needed to enhance the feasibility of collecting follow-up data before scaling up to a fully powered randomized controlled
trial. On the basis of the Go or No-Go criteria, only 50% (6/12) of the sites successfully recruited participants, and only 38%
(16/42) of parents completed follow-up measures. Nonetheless, health care practitioners and parents generally accessed and used
the intervention. Themes describing appearance and functionality, perceived need and general helpfulness, accessibility and
appropriateness, and a wish list for improvement emerged, providing valuable information to inform future development and
refinement of the intervention.
Conclusions: Owing to the high attrition observed in the trial, proceeding directly to a full randomized controlled trial may not
be feasible with this recruitment strategy. Nonetheless, with some minor adjustments and upgrades to the intervention, this pilot
study provides a platform for future evaluations of Power Up for Parents.
Trial Registration:
International Standard Randomized Controlled Trial Number (ISRCTN) 39238984;
http://www.isrctn.com/ISRCTN39238984.
International Registered Report Identifier (IRRID): RR2-10.2196/14571
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Introduction
Background
Shared decision-making (SDM) is an ethical imperative whereby
health care professionals collaborate with service users to derive
care and treatment decisions. The process involves an
exploration of health care options, service users’ values and
preferences, and achieving treatment consensus [1]. There is a
wealth of knowledge suggesting that adopting SDM practices
is associated with better outcomes across health care settings
[2,3]. However, implementing SDM in children’s and young
people’s mental health (CYPMH) services remains a challenge.
Barriers to implementation include professional, relational,
service user or parent, and service-level and context-level factors
[4]. Researchers agree that a primary reason could be the unique
triad relationship involving multiple decision makers [5,6]. As
a result, parents may navigate between feeling excluded from
services, advocating or assuming the role of surrogate decision
makers depending on the age and capacity of the child or young
person [7,8]. Such feelings and roles sometimes result in added
stressors for the parents involved [7]; low service engagement
[9,10]; and treatment disagreements between parents, health
care practitioners, and young people [11].
Parents and carers are recognized by the literature and by the
law as key members of the CYPMH decision-making process
[12,13], reporting significant benefits to involvement [14].
However, research in general pediatric care highlights parents’
emotional states as a commonly reported barrier to adopting
SDM measures [15]. Despite a range of interventions and service
delivery models to support parents’ involvement, time,
accessibility, and appropriateness of the interventions also
appear to influence use and successful implementation [16].
That study also revealed that research exploring available
interventions is limited in that it targets specific populations
(eg, attention-deficit and hyperactivity disorders or autism
spectrum disorders), uses less innovative modalities (eg,
face-to-face, paper-based, or static digital tools), or evaluates
interventions using nonrandomized study designs (eg, pre or
post, qualitative, or pilot trials). In addition, there appears to be
a large number of interventions being developed and
implemented without being tested for effectiveness or using
small or unrepresentative samples [16].
In response to this, an evidence-based, theoretically informed
interactive web-based app was designed and developed to
support SDM in universal CYPMH services [17]. The core
content and aims of the intervention are based on an earlier
intervention named Power Up, an intervention designed to
promote SDM among young people accessing mental health
services [18,19]. This intervention builds on previous versions
by using an affective-appraisal approach that takes into account
the emotional states of parents and caregivers.
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With the growing interest in applying digital technology in
CYPMH services, several modes of delivery, including website
and text messages, have been adopted [20]. In line with the
Technology Acceptance Model (TAM), it is recommended to
test the acceptance of new digital interventions to ensure
successful implementation [21]. The TAM is an extension of
the Theory of Reasoned Action that focuses on behavioral
intention and attitude. The theory proposes that the assessment
of perceived usefulness and perceived ease of use can determine
whether users engage with the new digital intervention.
However, researchers and clinicians agree that poorly designed
studies to evaluate these interventions can result in false-positive
findings and loss of research investments [22,23].
The evidence-based approach to evaluating effectiveness
recognizes randomized controlled trials (RCTs) as the gold
standard for generating the highest level of evidence. RCTs are
viewed as the most rigorous when it comes to determining
cause-effect relationships between treatment and outcomes [24].
However, to ensure a successful RCT, it is highly recommended
that pilot and feasibility studies are first conducted [25,26]. The
Medical Research Council’s guidelines highlight that assessing
the feasibility allows researchers to examine important
components of the research, such as testing the procedures,
estimating rates of recruitment and retention of participants,
and determining the sample sizes for future trials [27].
Therefore, acknowledging the relevance of pilot and feasibility
studies and in keeping with the Medical Research Council’s
framework for developing, evaluating, and implementing a
complex intervention, this study was considered an important
step.

Aims and Research Questions
This pilot feasibility study focused on obtaining end users’
views of the intervention and exploring justifiable administration
procedures to inform a full RCT. The primary aim is to
investigate whether it is feasible to conduct a prospective RCT
of an evidence- and web-based app (Power Up for Parents
[PUfP]) to promote SDM in families accessing CYPMH
services. In addition, this study assessed the perceived usefulness
and acceptance of the intervention to determine whether end
users would engage.
The following research questions (RQs) were addressed:
Quantitative RQs:
•
•
•
•

RQ1: What are the eligibility, consenting, adherence, and
engagement rates of participants using PUfP?
RQ2: Are the outcome measures appropriate and acceptable
for a prospective RCT?
RQ3: What are the potential barriers and enablers to
conducting a prospective RCT?
RQ4: Which data collection procedures are appropriate and
acceptable?
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•

RQ5: What is the scope of the pilot data collected from
users and nonusers of PUfP?

Qualitative RQs:
•
•

RQ6: Is PUfP acceptable and useful for parents and health
care practitioners?
RQ7: Can the feedback from PUfP users be used to further
refine the prototype for prospective RCTs?

Methods
Changes to Protocol
During the initial stages of the study, it was discovered that the
intervention may be applicable to settings beyond the CYPMH
services offered by the United Kingdom’s National Health
Service (NHS). Parent experts in patient and public involvement
(PPI) sessions confirmed this by expressing that the intervention
was something they could use with limited guidance. In addition,
typical service users accessing CYPMH support via the NHS
were below the age of 18 years. In line with the United Nation’s
definition of young people [28], this research interest extended
to parents of young people up to the age of 24 years. Therefore,
to obtain more feedback and usage data during the feasibility
and pilot testing phases, we added a second recruitment strand
(community sampling). It also became clear at later stages of
the study that recruitment from NHS services was slower than
anticipated, and therefore, the second recruitment strand assisted
in increasing the study’s sample size. This change also
strengthened the study by allowing further exploration of
different recruitment strategies to partly address the aims of the
feasibility study.

Study Design
A mixed methods study involving qualitative data collection
and feasibility testing was adopted. Interviews and focus group
discussions (FGDs) required user testing of the intervention by
health care practitioners and parents to obtain feedback on
acceptability and usefulness, and suggestions for further
development and upgrading of the prototype. The second stage
of the study included (1) a multicenter, 3-arm, randomized
controlled, pilot feasibility trial with parents accessing NHS
CYPMH services to explore efficiency and eliminate possible
study contamination and (2) a web-based individually
randomized trial with a community sample of parents to inform
recruitment strategies for future trials.

Study Setting
A total of 18 NHS Trusts in England offering CYPMH services
were identified as potential study sites. Community samples
were recruited on the web through social media advertising.
Parents in the community sample accessed the study via a link
to the recruitment software Gorilla [29].

Intervention: PUfP
The development and evidence base for the PUfP prototype are
described and outlined in more detail in the study protocol [17].
PUfP is a decision support intervention with 5 key features (ie,
decisions, goals, journey, support, and resources). The
intervention aims to encourage discussion, allow parents to ask
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questions during sessions or seek further information between
sessions, and allow health care practitioners to tailor the SDM
process to accommodate the needs of the parent and child or
young person.

Participants
Health Care Practitioners
A contact person (site collaborator) circulated information about
the study to all health care practitioners at the CYPMH services.
Then, the health care practitioners attended an information
session where a brief introduction and further details of the
study were provided. Any health care practitioner who identified
as being in contact with the families accessing care when making
care and treatment decisions was eligible to participate in the
study.

Parents
On the basis of the eligibility criteria, the health care
practitioners identified the eligible participants. Posters and
flyers were posted at the participating NHS sites. To obtain a
community sample, the study was advertised on the Anna Freud
National Centre for Children and Families’ website between
June and August 2019 and promoted through social media
platforms (ie, Facebook and Twitter). In addition, a blog post
was written on the Association of Child and Adolescent Mental
Health’s website to further advertise the study [30]. The
recruitment process was guided and informed by the PPI
activities and the study’s steering committee.
All parents were screened against the eligibility criteria
developed before the start of the trial. Parents were included on
the following criteria:
1.
2.
3.
4.

Over the age of 18 years
No known mental health diagnosis
Ability to speak and understand English
Parent of at least one child or young person attending
CYPMH services.

Parents were excluded on the following criteria:
1.
2.

Concurrent and/or involvement in other research that was
likely to interfere with the intervention
Parents or guardians in cases where the child or young
person was being treated under a section of the Mental
Health Act.

Procedure and Materials
Qualitative Data Collection
Semistructured interviews and FGDs were conducted. The
interview guide aimed to capture the perceived usefulness and
acceptability of the intervention, including suggestions for
content and prototype upgrade. At the end of the interview
sessions, participants were debriefed and encouraged to contact
researchers with any further concerns or suggestions.

Quantitative Data Collection
Study sites were randomly assigned to either the control group
or one of the 2 intervention groups. Intervention group 1 (IG1)
received the prospective version 1 of PUfP which included
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decisions, goals, journey, support, and resources features.
Intervention group 2 (IG2) received version 2 of PUfP without
the support and resources features. The control group included
participants who were not exposed to either version of the
intervention. The cluster randomization for the NHS sample
was completed independent of the research team. For the
community sample, participant-level randomization was
conducted using Gorilla recruitment software. Therefore, any
parent accessing any form of CYPMH service (eg, school mental
health support or private therapeutic services) coming in contact
with the study information had a chance to participate.
Participants met with a researcher at a convenient time and
completed a battery of baseline and follow-up questionnaires.
These consisted of demographic details (gender, ethnicity, first
language, relationship to child, and child’s age), participation
rates (completion of consent, pretest and posttest measures, and
intervention use), SDM measures (the Control Preferences Scale
for Pediatrics [31], the Pediatric Shared Decision-Making
Questionnaire (modified) [32], and the Decisional Conflict Scale
[DCS] [33]), experience of service (the Experience of Service
Questionnaire [ESQ] [34]), usability and acceptance (the
Poststudy Usability Questionnaire [35]), and an anxiety measure
(the Spielberger State Anxiety Inventory Form for Adults [36]).
Further details on the outcome measures are presented in the
study protocol [17]. Depending on which group the participants
were recruited into (ie, IG1, IG2, or control), they received help
to access the app and were given a guided tour. Participants
were then encouraged to use the app as much as they needed
to. Participants completed follow-up measures at 3 months after
or at dropout or discharge (whichever came first).
The health care practitioners completed an adapted version of
the Control Preferences Scale to highlight observed changes in
the amount of parental involvement in the child’s care and
treatment decisions. Clinicians were asked to select 1 of 5
statements on whether “the parent left all mental health care
and treatment decisions about the child to the practitioner” or
“the parent shared responsibility for care and treatment decisions
with the practitioner.”
At the end of the pilot testing phase, participants were
encouraged to share their opinions on the study before being
debriefed and thanked for their participation. The Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) diagram [37] as reported in the study protocol
illustrates the participants’ pathway through the trial.

Data Management and Analysis
Qualitative Data
All interviews and FGDs were audiorecorded and transcribed.
The data were analyzed using thematic analysis [38]. Data were
coded using a combination of a priori themes as categories and
emergent themes [39]. The first step generated initial codes
from open coding, in which units of meanings were derived
from line-by-line analysis followed by axial coding (ie, locating
linkages between data) to integrate and differentiate among
subcategories [39]. A priori themes or categories were important
in framing the emergent themes and assisted in reporting the
findings. NVivo was used as the qualitative data management
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software [40]. An independent investigator reviewed 3 random
transcripts and generated codes. The codes were compared and
discussed to reach a consensus before inclusion.

Quantitative Data
Descriptive statistics were calculated for participant
characteristics at baseline, and Google Analytics estimates [41]
were used to report engagement with the prototype. To address
the aims of the feasibility study, the main focus was on
descriptive data. However, some exploratory significance testing
using means and CIs were conducted on within- and
between-group mean differences at the 2 time points (ie, baseline
and follow-up) on the SDM measure using the as-per-protocol
approach. The intraclass correlation was also calculated to
prepare information for sample size calculation within a
clustered randomized trial. Analyses were conducted using the
Statistical Package for Social Sciences software [42]. Outcomes
from both study designs were then tested against 8 Go or No-Go
criteria (Multimedia Appendix 1). The criteria were informed
by the key areas of focus for evaluating a feasibility study [26].
Upon completion of the study, the following decisions were
possible:
•
•
•

Ready to proceed to full RCT
Ready to proceed with some action to be taken
Not ready to proceed to full RCT.

Recording Adverse Events
Adverse events were identified as any untoward medical
occurrence in a parent, child or young person, or HCP, which
did not necessarily have a causal relationship with the
intervention. Any adverse events arising during the study period
were assessed for severity, causality, seriousness, and
expectedness (ie, relating to the information provided by PUfP).

Ethical Approvals and Research Governance
The study was ethically reviewed by the London Surrey
Research Ethics Committee (REC) and approved by the Health
Research Authority (IRAS 236277) for recruitment at the
CYPMH services provided by the NHS. Recruitment for the
community sample was approved by the University College
London REC.

Results
Overview
Recruitment was expected to begin in October 2018 and was
scheduled to last for 1 year. However, NHS REC approval was
received in December 2018; therefore, recruitment from NHS
began in January 2019. We approached 18 NHS sites, of which
12 (67%) CYPMH sites expressed interest and were recruited
to participate in both stages of the study. Web-based community
advertising resulted in 387 unique visitors on the study webpage.
The data collection was terminated on October 1, 2019. The
results section is structured according to the study’s RQs.

RQ1: What Are the Eligibility, Consenting, Adherence,
and Engagement Rates of Participants in the Trial?
Through consultation with site collaborators and HCPs, the
eligibility criteria were considered to be clear and
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straightforward. However, one site expressed difficulties in
recruiting parents due to the high percentage of parents at that
site with a mental health diagnosis, which met the exclusion
criteria. Consequently, this site withdrew from the study within
3 months of confirming its capacity and capability.

Qualitative Study
A total of 40 parents consented to participate in interviews or
FGDs (ie, 36 from the NHS and 4 from community recruitment).
In total, 36 parents from the NHS were recruited from 58%
(7/12) of the participating sites. The remaining 5 sites not
recruiting participants included the site that withdrew from the
study, 1 site that wished to take part in the quantitative study
only, and 3 sites that stated that the parents were too busy to
commit to an interview or FGD. Consequently, a total of 24
parents participated (24/40, 60%): 14 parents were interviewed,
and 10 participated in FGDs. For the remaining participants
who consented but did not attend an FGD or interview, it was
not possible to contact them on the email or phone contact
provided by the site collaborator or to arrange a convenient time
for an interview. The sample included 22 mothers and 2 fathers
with a mean age of 44.9 (SD 6.76) years. The majority of the
sample (23/24, 96%) was of White or White British ethnicity.
The mean age of their children was 13.88 (SD 2.8) years, and
the children were experiencing a range of mental health
problems. Of the children, 29% (7/24) were boys, 66% (16/24)
were girls, and 4% (1/24) identified as other (Multimedia
Appendix 2).
A total of 33 HCPs from 8 NHS sites were included in the study.
In total, 19 of the 33 participants were interviewed, and 12
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participants participated in the FGDs. For the remaining 2 HCPs
(6%), it was not possible to arrange a time that was convenient
during the recruitment period. HCPs represented a broad range
of clinical expertise, worked with children and young people
aged from 0 to 25 years in an outpatient capacity and had an
average of 7.54 (SD 6.24) years of working experience in
CYPMH services (Multimedia Appendix 3).

Quantitative Study
A total of 63 parents met the eligibility criteria and consented
to be part of the pilot RCT (ie, 30 from the NHS and 33 from
the community sample; Figure 1). There were no significant
demographic differences in the parents accessing the trial
through community recruitment and those accessing through
the NHS (χ28=8.272; P=.41). Of the 63 parents, 42 (67%)
parents completed baseline measures (30 from the NHS and 12
from the community sample) and were randomly assigned to
control (n=12), IG1 (n=11), or IG2 (n=19). Of the 42 parents,
16 (40%) completed follow-up measures (ie, 12 from the NHS
and 4 from the community sample). A total of 2 parents
expressed not having time to complete the follow-up measures,
and the remaining parents could not be reached. There were no
significant differences between the parents who consented and
completed baseline measures and those who consented but did
not complete baseline measures (χ28=8.766; P=.36). Similarly,
there were no significant differences between the parents who
completed follow-up measures and those who did not
(χ28=8.015; P=.43).
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Figure 1. Consolidated Standards of Reporting Trials flowchart of participants in the quantitative study. IG1: intervention group 1; IG2: intervention
group 2; NHS: National Health Service; PUfP: Power Up for Parents.

Only 50% (6/12) of the NHS sites were able to recruit parents
to stage 2 of the study with an intraclass correlation of 0.042
on the Pediatric Shared Decision-Making Questionnaire
(modified). Of the remaining 6 sites, one withdrew from the
study and another site reported insufficient clinical staff to assist
in identifying potential parents. The other 4 sites entered the
study within the last 3 months of recruitment and reported
insufficient time to recruit participants for both stages of the
study. The randomized sample (n=42) was predominantly White
British, English-speaking mothers, with a mean age of 45.98
(SD 6.45) years. The majority of the participants were primary
caregivers of teenage girls with a mean age of 14.31 (SD 2.14)
years (Multimedia Appendix 4).

Engagement With the Intervention
Google Analytics use data from January 7, 2019 and October
1, 2019, were used, as the data coincided with the recruitment
of the first participant to the pilot study and the last day of data
collection. App use data were made anonymous to comply with
the General Data Protection Regulation and research ethical
guidelines. Overall, 117 users cumulatively accessed versions
1 and 2 of the app and 72 registered an account. In total, users
visited the app 288 times for an average duration of 5 min and
59 s. Less than 33% of the users visited the app and left
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immediately without viewing any of the features (bounce
rate=32.99). An average of 3 active users were recorded for
each 28 day-period during the study. The decisions feature was
accessed 330 times, followed by journey 163 times, goals 160
times, resources 146 times, and support 103 times. All parents
recruited via the NHS were guided through the setting up of the
app, and web-based participants had to download the app before
clicking next to indicate completion of baseline measures.
Therefore, it was estimated that the majority of the intervention
arm participants (n=30) accessed the intervention contributing
to these statistics.

RQ2: Are the Outcome Measures Appropriate and
Acceptable for a Prospective RCT?
For parents who completed baseline measures (n=42), the
majority (40/42, 95%) had no missing data at baseline. The 2
cases with missing data failed to complete the Pediatric Shared
Decision-Making Questionnaire (modified) and the DCS. For
parents completing follow-up measures (n=16), all measures
were completed by all parents, except the Poststudy System
Usability Questionnaire (PSSUQ). Only parents belonging to
the intervention groups were required to complete the PSSUQ,
and all 5 completed it. At baseline, 53% (16/30) of the NHS
cases had completed the HCP observed Control Preference Scale
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(CPS). At follow-up, 58% (7/12) of the NHS cases had
completed the HCP observed CPS. The HCP observed CPS was
required only from parents recruited via NHS.

suggest that if the change over time was ignored, parents in the
control and intervention groups may have had similar scores
on the Pediatric Shared Decision-Making Questionnaire [43].

The outcome measures provided valuable information on
parents’ anxiety levels, decision-making preferences, and
experiences of SDM. Data from the outcome measures were
summarized and descriptively presented (Multimedia Appendix
5). Overall, the majority of parents (n=26) who participated in
the study preferred to be involved in SDM. However, clinicians
reported that, based on observations, parents either left the final
decision to the HCP after sharing their views (n=6), got involved
in SDM (n=5), or preferred to make the final decision
themselves (n=4). The average Pediatric Shared
Decision-Making Questionnaire (modified) score reported at
baseline was 26.54, which increased to an average of 28.8 at
the end of the study (higher values indicate greater levels of
SDM). The average DCS increased from 35.44 to 38.18 during
the study (higher values indicate greater levels of decisional
conflict). In addition, the average overall satisfaction with care
score increased from 20.62 to 26.18 by the end of the study
(higher values indicate greater experience of service). However,
the SDM construct of the ESQ highlighted that many parents
did not experience SDM at baseline (32/42, 76%) and again at
follow-up. The average overall anxiety scores for the sample
showed scores that were above the cut-off (38) at both time
points, indicating that the parents in the sample were moderate
to highly anxious. The PSSUQ had a mean score ranging from
3 to 3.4 overall and on all the subscales (lower values indicate
better performance and satisfaction).

RQ4: What Are the Potential Barriers and Enablers
to Conducting a Prospective RCT?

RQ3: What is the Scope of the Pilot Data Collected
From Users and Nonusers of PUfP?
As the Pediatric Shared Decision-Making Questionnaire scores
for the overall sample shifted in a positive direction by the end
of the study, this measure was investigated further to gain insight
into the SDM outcome. The CIs around the estimated differences
in mean scores were too wide to indicate any potential
significant differences between the groups [43]. However, based
on observed data, at baseline, there was a small observed
difference between the control (mean 28.12, SD 9.17) and
intervention groups (mean 25.86, SD 11.46) in the Pediatric
Shared Decision-Making Questionnaire (2.26 points, 95% CI
−5.31 to 9.92). At the end of the intervention period, a small
difference was observed between the control (mean 29.36, SD
3.12) and intervention groups (mean 27.6, SD 11.89; 1.76 points,
95% CI −10.75 to 14.28). On the basis of the observations, both
the control and intervention groups may have increased the
behaviors of SDM over time.
For participants completing both baseline and follow-up, it was
observed that the control group at baseline (mean 28.91, SD
29.36) showed very little change at follow-up (mean 29.36, SD
10.36) on the Pediatric Shared Decision-Making Questionnaire
scores (−0.45 points, 95% CI −4.75 to 3.84). The intervention
group showed a small difference from baseline (mean 22.2, SD
10.62) to follow-up (mean 27.6, SD 11.89; −5.4 points, 95%
CI −26.56 to 15.76). Again, CIs around the estimated differences
in mean scores were too wide to indicate any potential
significant differences over time. These preliminary findings
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Potential barriers observed or reported by site collaborators
included insufficient time for recruitment and site setup, as
indicated by the challenge sites faced to recruit participants
within the final 3 months of the study. Second, including a
criterion that excluded parents with a mental health diagnosis
decreased the number of potential participants. This was
confirmed by the withdrawal of 1 site that expressed challenges
with recruitment, as most parents reported having a diagnosis.
Although this pilot feasibility study highlighted potential barriers
that can affect recruitment in a full RCT, the study highlighted
no reports of adverse effects in either stage of the study. It was
also possible to recruit a satisfactory sample (n=31) across 6
NHS CYPMH sites within 9 months and 33 participants within
3 months of community sampling. However, a high attrition
was observed among the participants. No other barriers to
upgrading to a full RCT were observed or identified. Input from
PPI sessions and guidance from the study’s steering committee
were highlighted as beneficial to the intervention development
and recruitment strategies.

RQ5: Which Data Collection Procedures Are
Appropriate and Acceptable?
For the qualitative study, the majority of parents (12/14, 86%)
opted for phone interviews. In addition, those participating in
FGDs preferred this to be held at the CYPMH site and attached
to an existing meeting, instead of the university. For quantitative
data collection, the majority of parents preferred to complete
the baseline (30/42, 71%) and follow-up (10/16, 63%) measures
on the web.
Similarly, for clinicians participating in the qualitative study,
all clinicians opted for phone interviews. Those participating
in FGDs preferred this to take place at the CYPMH sites and
attached to an existing staff meeting. Although there was no
web-based option for HCPs completing the observed Control
Preferences Scale, many HCPs requested to have the measure
emailed or to receive a reminder email to prompt completion
of the measure. In addition, both forms of randomization worked
smoothly, with an unpredictable assignment to the comparison
groups.

Qualitative Results
RQ6: Is PUfP Acceptable and Useful for Parents and
HCPs?
Feedback revealed feasibility categories that represented
acceptability, (perceived) usefulness, and scope for
improvement. Participants described the appearance and
functionality of the intervention as essential to the acceptability
of PUfP. Perceived need and general helpfulness of the
intervention and accessibility and appropriateness of the
intervention emerged as 2 further themes describing the
perceived usefulness of PUfP. Figure 2 provides a brief
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overview of the themes emerging from the qualitative data,

Liverpool & Edbrooke-Childs
highlighting the important influencing factors.

Figure 2. An overview of the themes emerging from qualitative data.

Acceptability
Theme 1: Appearance and Functionality of the Interface
Parents’ feedback on the intervention was mostly positive,
generally expressing satisfaction with the intervention (11/14,
79%). Most parents described the appearance of the intervention
as attractive. Parents also appreciated the layout and
functionality of the intervention and described it as
age-appropriate and suitable for their busy lifestyles. There was
a general sentiment that images and graphics were ideal for
parents:
I find it much easier on the eye. It gives a soothing
vibe kinda thing. [Parent, age 47 years]
Yeah, it looks good, colourful. [Parent, age 40 years]
It’s not overly childlike. Yeah, I think it looks very
user friendly. [Parent, age 53 years]
HCPs also expressed satisfaction with the appearance and
provided favorable comments on the presentation of the
intervention (15/19, 79%). HCPs were also positive in endorsing
specific components of PUfP and its suitability for parents.
HCPs highlighted that the layout and colors drew attention to
the relevant features within the app:
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I like the layout, in terms of the different sections. I
think that’s really good. [HCP, 2.5 years of
experience]
It’s nice and clear in terms of the graphics. It tells
you what it is, and the tabs are really nice. [HCP, 7
months of experience]
Although parents and HCPs were generally satisfied with the
intervention, some expressed dislike with some of the features.
In addition, not all participants understood all features. Dislikes
centered on having a preference for specific colors and wording.
Although parents were able to find their way around the app
after clicking around or browsing the user manual, participants
expressed that clarity or further instructions are needed to guide
users:
I would say, I don’t like question mark boxes, because
I think the text should maybe be in the main box itself,
because it’s just another thing to click on. [HCP, 6
years of experience]
So it's not altogether clear what that [Support section]
does...here I've got a plus and a minus... [Parent, age
51 years]

JMIR Form Res 2021 | vol. 5 | iss. 3 | e25235 | p.73
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
Usefulness
Theme 2: Perceived Need and General Helpfulness
Parents generally provided positive feedback, highlighting that
the intervention was useful (13/14, 93%). The intervention was
well received by the parents, and they generally indicated that
the intervention was or would be useful for them and may also
help with various aspects of accessing CYPMH care. Parents
echoed the potential value of the intervention to keep records,
promote involvement in SDM, and signpost useful resources:
...and if it worked and it worked well, I’d be using it.
It’s really good to have all your appointments in one
place as well. And the notes section, things that you
think, “Oh, I need to talk to the doctor about that.”
Yeah, I think it sounds really good. [Parent, age 39
years]
This definitely looks like something I would use.
[Parent, age 47 years]
Similarly, many HCPs expressed that the intervention was useful
and would be relevant to their practice (16/19, 84%). The HCPs
provided insight into the potential application and benefits of
PUfP, with the majority expressing that it should make it easier
to signpost families to useful resources that can support their
practice:
It might also be helpful in terms of just understanding
CAMHS. That’s often one of the first hurdles that I
have to get over with parents and young people, is
they don’t really understand our service and they
don’t really understand CAMHS. I think that could
be quite helpful in this. [HCP, 13 years of experience]
I think this can be used with any diagnosis. This is
kinda helpful. With any kinda parents, this is helpful.
[HCP, 15 years of experience]
Theme 3: Accessibility and Appropriateness of the Intervention
The concept of an app received mixed views from parents and
HCPs, mainly regarding usability. However, participants
highlighted positive reasons for using an app and expressed that
an easy to use and easily accessible app may motivate parents
to at least try the intervention. Participants generally thought a
digital resource provided that instant support and because of its
dynamic nature may also help the parents by providing feedback
and signposting. Participants also expressed appreciation that
the intervention had the potential for use on the go:
I think even if there were parents with learning
difficulties or struggled with using a bit of technology,
I think, as long as they obviously had a phone, you
know, that they brought with them and we were able
to help guide them through it, I think that could still
work as well. [HCP, 2.5 years of experience]
I think I’d probably use it more on my phone because
that’s constantly with me. So, if something happened,
like panic attack in McDonalds, like we’ve had before,
something like this will be quite handy. [Parent, age
36 years]
Although many participants highlighted that the intervention
presented limited potential for harm, there were genuine
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concerns around specific groups of parents, suggesting that the
intervention may be an additional burden to parents. Generally,
a sense of excluding some users based on their comfort with
technology or level of literacy was expressed. Similarly, data
security and privacy were also highlighted as concerns.
Participants expressed that sensitive data would be entered into
the app, and therefore, reassurance of trustworthiness and safety
would be needed:
just thinking about culture and ethnicity and
language, and whether or not this would be available
in different languages, for those that don’t read
English, basically. [HCP, 2.5 years of experience]
as long as I’m assuming, it’s obviously all secure with
the data that you put on there and everything. As long
as I was confident that what I was putting on there
was all secure. [Parent, age 39 years]
Well, I have a few illiterate parents so they may
struggle with this. [HCP, 16 years of experience]

RQ7: Can the Feedback From PUfP Users be Used to
Further Refine the Prototype for the Prospective RCT?
The following theme emerged addressing the final RQ.
Theme 4: A Wish List for Improvement
Parents and HCPs appreciated that their input could potentially
help further develop and improve the PUfP prototype for future
research and before implementation. They suggested
improvements that could enhance usability and facilitate easy
implementation into practice. Feedback was either in line with
refining what already existed (eg, attaching the user manual to
the home screen) or adding new features that were seen as vital
(eg, emergency help) or features that could promote use of the
app (eg, options for emotional support such as mindfulness).
The overarching theme emerged as a wish list of improvements
for informing the development and refinement of PUfP:
A section on mindfulness, for themselves... [HCP, 2.5
years of experience]
Sometimes a brief video of how to use the app can be
useful, or testimony of another parent or carer talking
about themselves can be helpful. [HCP, 5 years of
experience]
I think if there was under resource, if there was things
like, “If this happens, do this.” Maybe that would
help. [Parent, age 47 years]
Maybe having the manual where it is fine, but maybe
there could be a smaller, I don’t know, more compact,
sorry, more compact version within the app itself to
just remind people what each of the particular areas
are for. [Parent, age 39 years]

Overall Feasibility and Acceptability
The findings suggest that although the components of the study
work well together, adjustments to the study protocol to improve
recruitment are needed to proceed to an appropriately powered
prospective RCT. In addition, the intervention appears to be
acceptable and usable, with findings further suggesting upgrades
and improvements that may benefit future trials. On the basis
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of the 8 Go or No-Go criteria (Multimedia Appendix 1), this
study achieved 15 points out of a possible 16. Although many
points were accumulated throughout the study, on further
reflection, we acknowledge the importance of an adequate
sample size to facilitate a fully powered RCT. This is an
important issue; therefore, we were particularly cautious in our
interpretation of the points-based system.

Discussion
Summary
This study was a preliminary investigation to pilot PUfP, a novel
digital evidence- and web-based app to promote SDM among
parents of children and young people with mental health
difficulties. This study aimed to assess the acceptability of the
intervention and examine the feasibility of proceeding to a full
RCT. To the best of our knowledge, this is the first RCT to pilot
test an interactive parent-targeted digital SDM tool in CYPMH
settings. Qualitative data revealed that PUfP may be acceptable
and useful for parents and HCPs. The findings also indicate that
there is scope for improvement of PUfP with suggestions for
refinement and upgrade. A total of 63 parents met the eligibility
criteria and consented to participate in the pilot RCT. However,
42 completed baseline measures and only 16 completed
follow-up. Although there is some evidence indicating that
general administrative procedures such as overall study design
and selection of outcome measures are appropriate for a future
RCT, the high attrition of participants suggests that some
modifications should be applied to increase recruitment target
numbers before upgrading to a fully powered RCT.

Results in Context With Other Research
The 15 points accumulated from the Go- or No-Go criteria
indicated the successful completion of the study [44]. The main
potential barrier identified for the future trial centered on
recruitment. This is not uncommon among researchers recruiting
in medical settings [45]. On the one hand, we obtained data
from 24 parents and 31 clinicians, which were acceptable for
the qualitative study and permitted data saturation [46]. On the
other hand, approximately 50% of the participants were lost to
follow-up when assessing feasibility measures. Although high
attrition is consistent with research in web-based interventions
[47], the small sample size was comparable with other studies
exploring decision aids in CYPMH settings [48-52]. In addition,
our sample size was higher than the recommended sample size
for feasibility and pilot studies [53]. Nonetheless, a larger, more
appropriate sample will render the research more efficient.
The number of eligible participants identified through social
media (n=33) is consistent with other studies reporting social
media as beneficial to recruitment rates [47]. In contrast to
previous studies indicating challenges in recruiting HCPs
[45,52], this study identified a fair sample (n=24) of interested
HCPs. A possible explanation could be that the topic resonated
with the clinical care agenda or is in an area of special interest
to HCPs at CYPMH sites [54]. Use data, however, demonstrated
the feasibility of parents accessing and using the intervention.
Similar findings have been reported in the original Power Up
for young people tested in schools and CYPMH services [18].
Taken together, these findings highlight that future trials of
https://formative.jmir.org/2021/3/e25235

XSL• FO
RenderX

Liverpool & Edbrooke-Childs
PUfP should clearly define and discriminate adherence to
intervention and adherence to study protocol. The relationship
between the 2 types of attrition could have implications for how
the findings are interpreted [55]. For future trials of PUfP,
adherence to PUfP may promote SDM; however, a meaningful
sample size is needed to make the necessary comparisons.
In general, parents reported a preference to be involved in SDM.
However, HCPs reported that some parents in their care
displayed behaviors in line with SDM, left the decision up to
HCP, or made the final decision themselves after sharing their
views or listening to the HCP’s recommendations. These
preliminary findings are in agreement with other academics,
suggesting that although SDM is preferred, not everyone
engages [56,57], or it may be too challenging to implement
[4,15]. This finding also highlights that, within triad
relationships, varying levels of shared decision-making may
exist [6]. This may be, in part, due to the age and capacity of
children and young people.
The majority of the qualitative sample (>80%), including parents
and HCPs, provided feedback consistent with the acceptance
and (perceived) usefulness of the intervention. These findings
demonstrate that additional support is generally well received
in CYPMH settings, as indicated in other studies [48,49,52].
The 3 emerging themes highlighted the importance of the
intervention for end users and may promote use. These themes
also fit within previous research on the broader TAM [21].
Qualitative findings further highlighted a wish list of features
and improvements to PUfP, which may potentially increase
acceptability and usefulness. Incorporating the participants’
views would be in line with human and computer interaction
approaches to designing technological interventions and
reinforces an opportunity to involve end users in the
development of interventions. Researchers generally agree that
this approach to co-designing improves usability and subsequent
outcomes [58].
Investigations of parent responses to the Pediatric Shared
Decision-Making Questionnaire using CIs resulted in no
significant findings within and between groups. This is not
surprising because of the small sample size obtained and the
as-per-protocol analytic approach chosen [59]. However,
parents’ average anxiety levels were mostly above the cut-off
for this study’s sample. This is in line with other research
suggesting that parents of children with mental health difficulties
generally report higher stress levels [7].

Strengths and Limitations
The primary strength of this study was the ability to obtain data
that could be useful for scaling up to a full RCT. Recruitment
figures were improved by including web-based community
sampling and social media advertising. Future trials could
explore these forms of recruitment further, balancing the
possible high proportion of incomplete data via the web-based
platform versus the slow recruitment process via the NHS sites.
Another strength of this trial was the consideration for
respondent burden by providing the participants with options
for phone or face-to-face interviews and options for completing
outcome measures on the web or paper based. Notably, having
limited contact details made it difficult to reach some of the
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parents and resulted in a small number of parents completing
follow-up measures.
Although emerging themes suggested acceptability and
perceived usefulness, these themes were informed by views
taken from a nonrepresentative sample that included the majority
of White British, English-speaking mothers of teenage girls. A
more representative sample, including fathers, other ethnicities,
or underrepresented groups, can provide deeper insights into
future research. A multi-site, cluster randomized approach was
considered a major strength and did not incur additional
intervention costs. However, potential contamination of the
control group could be considered if the participants come in
contact with the community study recruitment information. This
may present some obstacles for the research team if the control
group gained access to the intervention. In addition, a web app
was chosen over a native mobile app. As a result, parents were
not required to download or install it from an app store.
Therefore, PUfP did not occupy space on the user’s phone. It
functioned as a website that is suitable for mobile devices and
is usually cheaper to build, maintain, and update than native
mobile apps [60].
Another major strength was the ability to gather use data via
Google Analytics. Although the research team attempted to
share the intervention only with the intervention arm, it was
possible that site collaborators, HCPs, and parents could have
shared the link with nonstudy participants. This may have
affected the accuracy of the use data, and therefore, caution
should be exercised when interpreting these types of data. Future
studies may need to collect both use and self-report data to
present a more reliable picture.
Finally, a mixed method design was also viewed as a strength
at the feasibility phase of the intervention. Outcome measures
provided valuable information that is of importance to the full
RCT, providing a basis for estimating sample size calculations
and selecting appropriate measures. Similarly, it provided
estimates of the time required to complete outcome measures
and gain access to the intervention. Although obtaining
qualitative and quantitative data from the participants may
triangulate the findings, this approach may potentially add a
burden to parents. However, the mixed method approach can
provide a better understanding of efficacy and efficiency and
strengthen the findings of future RCTs [61].

Implications for Clinicians and Policymakers
Although these findings are preliminary, they suggest potential
areas of clinical application. First, PUfP was found to be
acceptable, as suggested by the parents and HCPs in our sample.
The positive feedback surrounding the theme of perceived need
and the general usefulness of PUfP highlighted a desire to obtain
support if SDM was to be successfully applied in CYPMH.
These findings are in line with those of other researchers,
suggesting that policy guidelines should be considered to support
parents who report feeling uninformed and excluded from
services [54]. Notwithstanding the acknowledgment of the
Gillick competency principle [62], policy guidelines specific to
CYPMH could be informative for HCPs working with families
of young people who are still considered being under the care
of their parents. Finally, the findings also highlighted moderate
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to high levels of anxiety among parents. This may provide HCPs
with a knowledge base for the emotional state of the parent
population accessing CYPMH care.

Future Directions
The generalizability of our findings is unclear. However, the
findings suggest that PUfP has the potential to be evaluated in
future research. First, it is recommended that PUfP be upgraded
and refined in line with the suggestions provided by HCPs and
parents before being tested further. These suggestions can impact
the usefulness and usability of the intervention. For example,
incorporating mindfulness techniques or other techniques can
provide additional support to parents during difficult moments.
Just as important are the suggestions to include a crisis section
and features to facilitate optional communication between HCPs,
children and young people, and parents or parent-to-parent
interactions. These improvements should also be made in
collaboration with end users to ensure the suitability of the
components.
In terms of the study design, it is recommended that future trials
maintain a multicenter randomized controlled study design.
However, a 2-arm approach may be sufficient, as growing
evidence suggests that parents involved in mental health
decisions may benefit from additional support [2]. Therefore,
if a 3-arm study design is to be maintained, the existing body
of knowledge may benefit from insights into different modes
of delivery. In addition, clustered randomization is
recommended to control for site-level activities that can impact
family involvement in SDM [14]. However, if community
recruitment is also used, comparisons can be made between
samples to strengthen the findings or considerations can be
made to stratify the community sample into existing clusters.
Another recommendation is to revise the eligibility criteria to
allow parents with an existing mental health diagnosis to be
included in future trials. These parents may actually benefit
from the additional support, and therefore, future trials can
control for and benefit from these statistical comparisons. It is
also recommended that the future trial adopts an intent-to-treat
analytic approach to draw accurate (unbiased) conclusions
regarding the effectiveness of the intervention [59]. This
approach will also be beneficial in light of the retention rates
observed in this trial.
The study also benefited from the input of enthusiastic parent
partners who contributed to the intervention design and study
recruitment strategies. Future studies could use this PPI
approach, as it possibly contributed to the smooth running of
this feasibility study. Future trials can also explore extending
an invitation and training to parent experts so that they can be
part of the research process as interviewers or participate in the
identification and recruitment process at CYPMH services.
Finally, it may also be possible to estimate NHS provider costs
for usual care and other interventions, in addition to the
parent-reported costs to access services. Taken together, these
costs can be explored to fully capture any savings to be
estimated if the future trial incorporates economic evaluation
to explore the cost-effectiveness of the intervention.
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Conclusions
This feasibility pilot trial was designed and conducted to test
the essential aspects of the research design and acceptability of
the intervention to examine the potential for conducting a future
fully powered RCT. Despite evidence suggesting the
acceptability of PUfP, the findings suggest that recruitment
modifications are needed to enhance the feasibility of collecting
follow-up data before scaling up to a full RCT. Possible

Liverpool & Edbrooke-Childs
implications for practice and policy were discussed alongside
recommendations for future research. One important
recommendation is that the future RCT may benefit from
incorporating a mechanism to explore the cost-effectiveness of
implementing PUfP. Furthermore, in recognition of the age and
capacity of young people and the promotion of standards of
care to empower young service users, considerations for refining
PUfP to interact with other versions of Power Up may be
valuable.
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Abstract
Background: Cannabis legalization has raised concern about an increased risk of cannabis-impaired driving, particularly among
youth. Youth advocates and policy makers require cost-effective tools to target educational resources to promote responsible
cannabis use.
Objective: The objective of this paper is threefold. First, it describes how a youth advocacy organization disseminated a low-cost
digital brief intervention to educate and inform young people about responsible cannabis use. Second, it illustrates how digital
tools can help promote understanding about attitudes and behaviors toward cannabis while simultaneously offering tailored
education. Finally, this paper contributes to examining behavioral factors associated with youth cannabis-impaired driving by
quantifying relationships between cannabis users' willingness to drive impaired and self-reported demographic and behavioral
factors.
Methods: This paper analyzed data from 1110 completed Check Your Cannabis (CYC) brief interventions between March
2019 and October 2020. The CYC asks respondents a brief set of questions about their cannabis use and their personal beliefs
and behaviors. Respondents receive comprehensive feedback about their cannabis use and how it compares with others. They
also receive a summary of reported behaviors with brief advice. An ordered probit model was used to test relationships between
cannabis use, demographics, and driving behaviors to gain further insights.
Results: The vast majority (817/1110, 73.6%) of respondents reported using cannabis. However, a much smaller share of
respondents reported problems associated with their cannabis use (257/1110, 23.2%) or driving after cannabis use (342/1110,
30.8%). We found statistically significant relationships between driving after cannabis use and age; Alcohol, Smoking, and
Substance Involvement Screening Test (ASSIST) risk score; and polysubstance use. However, we did not find gender to be a
significant determinant of driving after cannabis use. We estimated that every 10-point increase in the ASSIST score increased
the probability of sometimes driving after cannabis use by 7.3% (P<.001). Relative to respondents who reported never drinking
alcohol or using other substances with cannabis, those who sometimes drink or use other substances with cannabis were 13%
(P<.001) more likely to sometimes or always drive after using cannabis.
Conclusions: The digital health tool cost the youth advocacy organization approximately Can $0.90 (US $0.71) per use. Due
to the tool's unlimited use structure, the per-use cost would further decrease with increased use by the organization’s target
population. Based on our results, public health campaigns and other interventions may consider tailoring resources to frequent
cannabis users, youth with high ASSIST scores, and those with polysubstance abuse. The cost-effectiveness of delivering digital
brief interventions with unlimited use is attractive, as increased use decreases the per-user cost. Further research examining the
efficacy of digital health interventions targeting problematic cannabis use is required.
https://formative.jmir.org/2021/3/e25583

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e25583 | p.82
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Moreno & van Mierlo

(JMIR Form Res 2021;5(3):e25583) doi:10.2196/25583
KEYWORDS
cannabis use; driving after cannabis use; internet; intervention; online intervention; digital health; cannabis; drug; online tool;
youth; adolescent; Canada

Introduction
Background
The legalization of cannabis in Canada and several US states
has raised concerns over cannabis-impaired driving. For
example, a 2019 Gallup poll found that the top concern among
opponents of legalization in the United States was the belief
that legalization would increase vehicle accidents [1]. A 2019
survey found that 71% of Canadians were concerned about the
impacts of cannabis legalization on road safety [2]. At the same
time, many younger drivers do not perceive driving after
cannabis use to be a safety risk, and some believe that cannabis
use improves driving performance [3-5]. Although cannabis
use impairs driving [6-11], practical and feasible means for
testing for cannabis impairment are limited [8,11].
Hall [11] acknowledged that a major problem in addressing
cannabis-impaired driving is the lack of a practical test for
impairment and called for changing attitudes toward
cannabis-impaired driving. Wadsworth and Hammond [12]
compared patterns of cannabis use among youth in Canada,
England, and the United States [12]. They found higher rates
of driving after cannabis use among US youth relative to youth
in Canada and England and attributed this finding to greater
accessibility of cannabis and lower perceived harm among US
youth [12]. Wadsworth and Hammond’s [12] findings suggest
that understanding cannabis risk perceptions may help
development of cannabis harm reduction programs.
Using an online survey of US cannabis users, Borodovsky et al
[5] examined the relationship between perceived intoxication
levels and driving after cannabis use and found evidence that
the perception of a safe level of cannabis intoxication, not the
typical level of intoxication, is associated with driving after
using cannabis use. These findings support the need for
identifying perceptions of harm from cannabis use and suggest
that tools that can identify these perceptions may inform
preventative messaging and screening for harmful cannabis use.
One approach for identifying and mitigating risks associated
with cannabis use is implementing a digital health screener,
such as the Check Your Cannabis (CYC) brief intervention, an
anonymous digital health brief intervention designed for
personal computers, tablets, and smartphones [13].
The CYC, developed by Evolution Health Systems and
independent academic researchers, asks respondents questions
about their cannabis use and provides respondents with
personalized feedback about how the severity of their cannabis
use compares with others of the same age and gender. The CYC
screener provides a nonjudgmental approach for educating and
positively influencing respondents’ awareness of harm from
cannabis consumption.
The primary theoretical behavior change constructs used in the
CYC design are normative feedback, harm reduction, and
https://formative.jmir.org/2021/3/e25583
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motivational interviewing. The CYC’s design, workflow, and
technical infrastructure are based on a similar brief intervention
for addressing alcohol use, Check Your Drinking (CYD).
Evolution Health Systems and independent academic researchers
also developed this tool [14]. Like the CYC, the CYD provides
respondents with a brief tailored feedback report summarizing
personal substance use and comparing it with others of the same
age, sex, and country of residence [14]. The CYD has been
subject to 7 randomized controlled trials demonstrating support
of its efficacy in reducing alcohol consumption [14-20].
The CYC is publicly available at no cost at a number of URLs
[21,22]. The intervention consists of a 13-item questionnaire
(Multimedia Appendix 1) and an output report tailored to the
user (Multimedia Appendix 2). The first 3 questions of the CYC
collect demographic data used to tailor the report to the
individual (first name or anonymous nickname, gender, age).
Questions 4 and 5 address personal use of cannabis in the past
3 months. Questions 6 to 9 address personal negative
consequences of cannabis use. Question 10 addresses driving
behavior following cannabis use, and question 11 addresses
polysubstance abuse. Questions 12 and 13 request information
about the user's cannabis expenditure patterns. Before the user
submits their responses, they must actively endorse a checkbox
that acknowledges that their nonpersonal information will be
used for improving the tool, and they receive a link to the
intervention's privacy policy.
Upon completing the questionnaire, the user receives a tailored
personal report divided into either 3 or 4 sections, depending
on user inputs and output algorithms. The first section contains
normative feedback based on the user's age, gender, country of
residence (United States or Canada), and cannabis use patterns,
presented in text and graphical format. The second section
reports the user's estimated annual expenditure on cannabis and
compares this expenditure to purchases of movie passes and
pizza slices. The third section reports the user's Alcohol,
Smoking, and Substance Involvement Screening Test (ASSIST)
score through text and graphical representation, which can be
used to evaluate whether a person's cannabis use is problematic.
If users indicate that they drive after cannabis use or use other
substances with cannabis, their report includes a fourth section
with information about the risks of cannabis-impaired driving,
polysubstance use, or both.
In 2019, Parent Action on Drugs (PAD), an Ontario-based
community youth advocacy group, licensed a white-label version
of CYC from Evolution Health Systems at the standard nonprofit
annual rate of Can $1000 (US $787.01), including hosting and
reporting fees. Use of the tool is unlimited, meaning that there
is no restriction on the number of respondents or reports
generated. PAD also entered into a research partnership with
Evolution Health Systems in which Evolution Health Systems
assisted with the intervention dissemination strategy, data
analysis, and technical guidance. PAD's white-label version of
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the digital intervention is available for public use on PAD’s
website [23].
The primary purpose of PAD licensing a white-label version of
the CYC was to offer high school students in the Greater
Toronto Area information and advice about cannabis use, which
Canada had recently legalized. A secondary purpose was to
collect data on cannabis consumption patterns, polysubstance
abuse, and driving.

Objective
This paper analyzes the data collected from PAD’s licensed
version of the CYC and focuses on the behavioral factors
associated with cannabis-impaired driving from the cannabis
user's perspective. The objective of this paper is threefold. First,
it illustrates how low-cost brief interventions can be broadly
implemented to educate young people about responsible
cannabis use. Second, data from these tools can help promote
understanding about attitudes and behaviors toward cannabis
while anonymously offering tailored education. Finally, this
paper contributes to examining behavioral factors associated
with cannabis-impaired driving by quantifying relationships
between cannabis users' willingness to drive impaired and
self-reported demographic and behavioral factors.

Methods

Identical versions of the CYC intervention are available from
the Evolution Health website or PAD’s websites [21-23]. PAD
promoted their version of the CYC on their website and at
speaking engagements at several high schools in the Greater
Toronto Area. Participants were ad libitum and anonymous,
and there were no incentives for completing the intervention.
All study participants consented to the use of their anonymous
data for research purposes. This study relied on convenience
nonprobabilistic sampling, in which respondents self-selected
to respond to the digital brief intervention questionnaire [24].
Multimedia Appendices 1 and 2 include images of the CYC
interface.
Between March 28, 2019, and October 23, 2020, we collected
1553 completed CYC questionnaires. With the goal of informing
responsible cannabis use among young adults in Canada, we
limited the sample to participants aged 25 years and younger
from Canada, thus reducing the sample to 1175. We eliminated
from the analysis 34 responses that appeared to be duplicates.
We further reduced the sample by dropping from the analysis
6 responses with extreme outlier values for the reported
expenditures on cannabis and 25 responses with inconsistencies
(eg, reported not using cannabis but reported positive
expenditures on cannabis). The final study data set included
1110 responses. Table 1 summarizes the age and gender
distribution for the included responses.

This paper's analysis relies on data obtained between March
2019 and October 2020 from the CYC brief intervention.
Table 1. Age and gender distribution for included respondents.
Gender

Minimum age (years)

Median age (years)

Maximum age (years) Observations, n

Female

12

17

25

447

Male

12

17

25

593

Transgender or nonbinary

14

16

25

50

Not reported

14

16

18

20

Overall

12

17

25

1110

Data were extracted from the intervention platform's precoded
custom structure query language database. All responses were
anonymous, and data collection procedures adhered to American
and Canadian privacy guidelines [25-27]. Respondents actively
endorsed a checkbox consenting to the use of their nonpersonal
responses to analyze and improve the intervention and received
a link to the intervention's privacy policy. As the study relies
on unidentifiable archival data, the study was exempt from
further review.
After reporting gender and age, respondents answered 8
questions related to their use of cannabis. The questionnaire
allowed respondents to report their gender as female, male,
transgender, nonbinary, or not reported. Respondents also
reported age as an open-ended question. The brief intervention
asks respondents about their expenditures on cannabis and
measures expenditures in 2 ways: the average monthly
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expenditure on cannabis over the past year and the largest
single-day expenditure over the past year. Average monthly
expenditures capture typical use. Expenditures are reported in
Canadian dollars.
A key component of the intervention is a calculated score from
the 6-item ASSIST developed by the World Health Organization
(WHO) [28]. The ASSIST evaluates an individual's use of
cannabis and classifies individuals into risk categories, with
high risk indicating the experience of problems resulting from
cannabis consumption. Figure 1 is an illustration explaining the
ASSIST score after completion of the CYC questionnaire. The
WHO ASSIST score is the sum of weights assigned to the 6
questions listed in Table 2 [28]. The questionnaire asks
respondents to answer the 6 ASSIST questions. We computed
the ASSIST score based on the response weights, also shown
in Table 2.
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Figure 1. Check Your Cannabis ASSIST score. ASSIST: Alcohol, Smoking, and Substance Involvement Screening Test.
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Table 2. ASSIST score questions, possible responses, and WHO weights [28]. ASSIST: Alcohol, Smoking, and Substance Involvement Screening
Test; WHO: World Health Organization.
Question

Response (WHO weight)

1. During the past 3 months, how often have you used cannabis?

Never (0); once or twice (4); monthly (5); weekly (6); daily
or almost daily (7)

2. During the past 3 months, how often have you had a strong desire or urge to use
cannabis?

Never (0); once or twice (4); monthly (5); weekly (6); daily
or almost daily (7)

3. During the past 3 months, how often has your use of cannabis led to health, social, legal, Never (0); once or twice (4); monthly (5); weekly (6); daily
or financial problems?
or almost daily (7)
4. During the past 3 months, how often have you failed to do what was normally expected Never (0); once or twice (4); monthly (5); weekly (6); daily
of you because of your use of cannabis?
or almost daily (7)
5. Has a friend or relative or anyone else ever expressed concern about your use of
cannabis?

No, never (0); yes, but not in the past 3 months (3); yes, in
the past 3 months (6)

6. Have you ever tried and failed to control, cut down, or stop using cannabis?

No, never (0); yes, but not in the past 3 months (3); yes, in
the past 3 months (6)

Respondents also answered questions about driving after using
cannabis and polysubstance use. These questions were “How
often do you drive after using cannabis, or ride with someone
who has?” and “When you use cannabis, how often do you drink
alcohol or use other substances?” The possible responses for
these questions were “Never,” “Sometimes,” “Usually,” or
“Always.”
To better understand the factors associated with driving after
cannabis use, we modeled driving after cannabis use as a
function of age, gender, ASSIST score, whether the respondent
drinks or uses other substances with cannabis (ie, polysubstance
use), and cannabis expenditures. Given the qualitative and
ordered nature of the responses to the question about driving
after cannabis use, we estimated the probability of driving after
using cannabis using an ordered probit regression [29]. We
combined the “usually drives” and “always drives” categories
for the ordered probit model. Therefore, the dependent variable
in the model included 3 categories: (1) never drives after using
cannabis, (2) sometimes drives after using cannabis, and (3)
usually or always drives after using cannabis. For this analysis,
we limited the data to respondents of driving age (n=913). All
analysis was conducted using Stata 16 (StataCorp) [30].
We hypothesized that age has an increasing and diminishing
effect on driving after using cannabis and included age as a
quadratic in the ordered probit model. Because the vast majority
of participants in the analytical data reported their gender as
female (447/1110, 40.3%) or male (593/1110, 53.4%), we
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defined the gender variable in the model as female, male, or
other. Based on past studies, we expected differences by gender
in cannabis use and attitudes [31]. We also hypothesized that
respondents with higher ASSIST scores are more likely to drive
after using cannabis, since a higher ASSIST score indicates a
higher risk of harmful cannabis use. We hypothesized that
polysubstance use is positively correlated with driving after
cannabis use, as it reflects risky behaviors. To the extent that
higher expenditures reflect greater use, we hypothesized that
higher expenditures are associated with heavier cannabis use
and therefore a higher probability of driving after using
cannabis.

Results
Figures 2-4 report the distribution of responses for the 3
categories of questions included in the brief intervention: (1)
cannabis use behaviors in the past 3 months, (2) concerns about
cannabis use, and (3) driving after cannabis use and
polysubstance use. While 73.6% (817/1110) of respondents
reported using cannabis and 63.1% (700/1110) reported having
a desire or urge to use cannabis, over 76.8% (853/1110) reported
never having problems with cannabis use (Figure 2, question
6) and 72.7% (807/1110) reported never failing to meet
expectations because of their cannabis use (Figure 2, question
7). However, among the heaviest cannabis users or those using
daily or almost daily (n=330), 48.8% (161/330) reported having
incidents of health, social, legal, or financial problems associated
with cannabis use.
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Figure 2. Percentage of respondents aged 12 to 25 years who reported cannabis use and problems in the past 3 months (N=1110).

As seen in Figure 3, 22.0% (244/1110) of respondents reported
having problems controlling their cannabis use (question 9).
Although only 12.6% (140/1110) reported having such problems
in the past 3 months, 79.3% (111/140) of the respondents in
this category were aged between 12 and 18 years, below the
legal age for cannabis consumption in Canada. When asked

about others' concerns over their cannabis use (question 8), a
smaller proportion, 62.4% (693/1110), reported “never.” Figure
4 shows that the vast majority of driving-age respondents, 66.5%
(607/913), reported never driving after using cannabis (question
10), and 61.0% (557/913) reported using alcohol and other
substances with cannabis (question 11).

Figure 3. Percentage of respondents aged 12 to 25 years who reported concerns about their cannabis use (N=1110).

Figure 4. Percentage of driving-age respondents aged 16 to 25 years who reported risky behaviors (n=913).

In our sample, the ASSIST score varied from 0 to 40, with
66.3% (736/1110) of respondents falling in the moderate risk
category. The average ASSIST score was 12 among teenaged
respondents (aged 12-18 years) and 18 for young adult
respondents (aged 19-25 years). ASSIST scores for teenagers
were statistically significantly smaller than ASSIST scores for
young adults (P<.001).
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Table 3 reports the ordered probit coefficient estimates. Male
gender (P=.28), other gender (P=.36), and monthly expenditures
(P=.07) were not statistically significant at the .05 level. Age
(P<.001), polysubstance use sometimes (P<.001) and usually
or always (P<.001), ASSIST score (P<.001), and maximum
expenditure (P=.02) were statistically significant.
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Table 3. Ordered probit estimates for the question “How often do you drive after using cannabis or ride with someone who has?” (n=913).
Covariate

Coefficient estimatea

P value

Ageb

0.6586

.04

Age2

–0.0162

.051

Male

0.1105

.23

Other gender

–0.2876

.20

0.0450

<.001

Sometimes

0.4221

<.001

Usually or always

0.5942

<.001

Average monthly expenditure

0.0006

.11

Maximum single expenditure

0.0004

.11

Gender (base=female)

ASSISTc score
Polysubstance use (base=never)

a

The log-likelihood for this model was –640.1 and the pseudo-R2 was 0.1569.

b

Age and Age2 are jointly significant with a P value of .10.

c

ASSIST: Alcohol, Smoking, and Substance Involvement Screening Test.

Table 4 reports the average marginal effects for each of the
outcomes of the driving after cannabis use variable. In Table 4,
ASSIST scores and polysubstance use have the largest
association with driving after using cannabis. The model predicts
that every 10-point increase in the ASSIST score increases the
probability of sometimes driving after cannabis use by 7.3%
(P<.001) and increases the probability of usually or always
driving after using cannabis by 5.8% (P<.001).

Relative to respondents who reported never using other
substances with cannabis, respondents who reported sometimes
using other substances with cannabis were 13% (P<.001) more
likely to report driving after using cannabis. Those who reported
usually or always using other substances were 18% (P<.001)
more likely to report driving after using cannabis. This suggests
that using alcohol and other substances with cannabis increases
the probability of driving after cannabis use, consistent with
other studies in the literature [8].

Table 4. Average marginal effects for ordered probit outcomes (n=913).
Covariate

“How often do you drive after using cannabis or ride with someone who has?”
Never

Sometimes

Usually or always

Effect

P value

Effect

P value

Effect

P value

–0.0253

.03

0.0152

.03

0.0101

.03

Male

–0.0327

.23

0.0182

.23

0.0144

.22

Other gender

0.0781

.17

–0.0482

.20

–0.0299

.14

–0.0132

<.001

0.0073

<.001

0.0058

<.001

Sometimes

–0.1245

<.001

0.0767

<.001

0.0478

<.001

Usually or always

–0.1811

<.001

0.1062

<.001

0.0750

.001

Average monthly cannabis expenditure

–0.0002

.11

0.0001

.11

0.0001

.11

Maximum single cannabis expenditure

–0.0001

.11

0.0001

.11

0.0001

.11

Agea
Gender (base=female)

ASSISTb score
Polysubstance use (base=never)

a

The marginal effect on age includes the full quadratic effect of age on the probability of driving after cannabis use.

b

ASSIST: Alcohol, Smoking, and Substance Involvement Screening Test.

Figure 5 plots the predicted probability of driving after using
cannabis at varying levels of age, ASSIST scores, maximum
expenditures, and average expenditures. This figure plots the
predicted probability by respondents who sometimes drive and
those who usually or always drive after cannabis use and the
https://formative.jmir.org/2021/3/e25583

XSL• FO
RenderX

overall predicted probability of driving after cannabis use (ie,
the probability of sometimes driving plus the probability of
usually or always driving). In Figure 5, we explored how the
predicted probability of driving after cannabis use changes with
respondent characteristics. If the predicted probability exceeds
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in the figure.

Figure 5. Probability of driving after cannabis use is low over a range of respondent characteristics (n=913). ASSIST: Alcohol, Smoking, and Substance
Involvement Screening Test.

Panel A of Figure 5 shows that holding constant gender, ASSIST
score, and cannabis expenditures, the overall probability of
driving after cannabis use was 0.28 for the youngest respondents
in the sample, peaked at 0.35 for 20-year-olds, and dropped to
approximately 0.20 for the oldest respondents. Panel B shows
that the overall predicted probability of driving after using
cannabis, all else constant, increased with ASSIST score,
suggesting that respondents with ASSIST scores greater than
25 are more likely than not to drive after using cannabis. As
seen in panel C, the predicted probability of driving after
cannabis use increased with maximum single-day expenditures.
However, the model predicted that even the respondents with
the highest expenditures, those most likely to be the heaviest
users, are unlikely to drive after cannabis use (ie, the predicted
probability of driving after cannabis use is less than 0.5).
Similarly, panel D shows that the predicted probability of
driving after cannabis use increased with average monthly
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expenditures, holding all other factors constant. Only at extreme
monthly expenditures (over Can $800 [US $630.09]) did the
model predict that respondents are more likely than not to drive
after cannabis use.
Figure 6 plots the probability of responding “usually” or
“always” drives after cannabis use by gender. We found that
gender was not a statistically significant factor in determining
the probability of driving after using cannabis after controlling
for age, ASSIST score, polysubstance use, and expenditures on
cannabis. The figure plots the 95% CI for the probability of
usually or always driving after cannabis use for male
respondents and shows that the probability of usually or always
driving after cannabis use for female respondents is within the
95% CI for men at all ages. Respondents younger than 24 years
who reported being of another gender have a slightly lower
predicted probability of usually or always driving after cannabis
use than male respondents.
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Figure 6. Probability of reporting usually or always driving after cannabis does not differ by gender (n=913).

Our results show that except for individuals with high ASSIST
scores, after controlling for age, gender, and polysubstance use,
respondents in our sample were unlikely to drive after using
cannabis. Contrary to the literature [31,32], we found that gender
is not a statistically significant factor in determining the
probability of driving after using cannabis. We also found that
polysubstance use and ASSIST scores were strongly correlated
with driving after using cannabis. While the level of cannabis
expenditures was statistically significant, the effects on driving
after cannabis use were small.

Discussion
Principal Findings
The brief intervention questionnaire sheds light on self-reported
harmful cannabis use behaviors. We observed that the vast
majority of respondents reported cannabis use; however, they
also reported not experiencing problems with cannabis use.
However, daily cannabis users did report experiencing issues
resulting from their use of cannabis. More respondents reported
having family or others express concerns about their cannabis
use than reported their own concerns about cannabis use. This
may suggest that while respondents may not acknowledge
problems with their cannabis use, they report an awareness of
others' concerns about their use of cannabis.
At an implementation cost of Can $1000 (US $787.62), the
digital health tool cost PAD approximately Can $0.90 (US
$0.71) per use. Due to the unlimited use structure, the per-use
cost would further decrease with PAD’s target population's
increased use. The digital brief intervention is an example of a
low-cost tool that public health campaigns can leverage to tailor
https://formative.jmir.org/2021/3/e25583
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resources toward the most at-risk populations. While we focused
on cannabis-impaired driving concerns, the tool is flexible and
customizable to explore specific cannabis use concerns.

Strengths and Limitations
This study provides insights into how young cannabis users
perceive their cannabis use and examines the relationship
between cannabis use and driving behaviors from their
perspectives. A particular strength is that the CYC intervention
has limited use barriers, is anonymous, and was disseminated
by a well-known youth advocacy group (PAD). However, as is
common with self-reported digital health interventions, there
is no way to guarantee that user responses are accurate or honest.
Nevertheless, we have shown that a simple, low-cost digital
health tool such as the CYC can provide insights to guide
cannabis education programs and assist policy makers and youth
health advocates targeting efforts for preventing cannabis abuse
specific to a community.
The population analyzed in this study can be described as
self-seeking and may be problematic cannabis users who
actively sought help or more information on their behavior. As
a result, they may not be considered representative of the general
population. However, if this is the case, it may add strength to
our principal finding that the largest amount spent on any given
day, higher ASSIST scores, and polysubstance use were
positively and significantly associated with driving under the
influence of cannabis. As a result, these preliminary results
should be interpreted with caution, and there is a need for
replication studies that may or may not confirm our results.
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Future Research Directions

Conclusion

The CYC has recently been enhanced to include questions
addressing the source of cannabis acquisition (primarily
dispensaries or licensed services versus informal connections)
as well as employment status and the user's geographic location.
These additional questions are designed to generate further
insight into cannabis use patterns and behavior. Geospatial
analysis will allow us to gather further insights and compare
use patterns across specific jurisdictions. The CYC has also
been modified to include users’ first 3 characters in their zip or
postal code, and ongoing research is focusing on geospatial
analysis to help assess regional patterns.

To our knowledge, this is the first study to examine associations
between self-reported cannabis use and driving behaviors
through the use of a digital brief intervention, which has the
dual purpose of educating cannabis users and collecting data to
help inform and shape responsible cannabis use programs. Our
analysis indicates that the largest amount spent on any given
day, higher ASSIST scores, age, and polysubstance use were
positively and significantly associated with driving under the
influence of cannabis. Gender was not a significant factor.

Based on the ability of digital health interventions to collect
self-reported demographic and behavioral data and compare
and contrast these data for specific geographic areas, there is
the potential for these tools to examine associations between
cannabis use and driving at a regional level. This may give
further insight on potential predictors of increased risk, which
could support or validate findings from other, nondigital studies.

We have shown how a low-cost digital health tool can inform
programs and policies for educating young people about
responsible cannabis use. Based on these results, public health
campaigns or other interventions may have a more significant
impact if they focus resources on problematic cannabis users
rather than the general population. The largest amount spent
variable may give insight into those who purchase their cannabis
from nonretail sources. Further research is required.
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Abstract
Background: The Interpersonal Theory of Suicide posits that there are three key elements of suicidal behavior: perceived
burdensomeness, thwarted belongingness, and the acquired capability for suicide. The digital campaign Better Off With You was
developed to directly challenge the idea of perceived burdensomeness among people who are contemplating suicide in 2 communities
within Australia.
Objective: The aim of this study is to explore the needs and preferences of people with lived experience of suicidal thoughts
and actions to inform the development of Better Off With You.
Methods: This study involved a series of focus groups that aimed to discuss campaign messaging, scope, and approach. People
with lived experience of suicidal thoughts and actions attended the focus groups. After the completion of initial focus groups, the
results informed the creation of campaign collateral by creative agencies. Early versions of the campaign collateral were then
presented in the user testing sessions. Transcriptions were analyzed via thematic analysis.
Results: In total, 13 participants attended the focus groups and 14 attended the user testing sessions. The following three
overarching themes were presented: acceptability, safety, and resonance. Participants believed that suicide is a serious and ongoing
issue in their communities and welcomed a localized suicide prevention focus via peer-to-peer storytelling. The idea of perceived
burdensomeness required clarification but was perceived as acceptable and relevant. Participants seemed drawn toward peer
narratives that they perceived to be authentic, genuine, and believable as given by real people with lived experience. Campaign
messaging needs to be clear and empathetic while directly talking about suicide. Participants did not anticipate any significant
negative or harmful impact from any campaign videos and highlighted the importance of providing appropriate help-seeking
information.
Conclusions: This iterative study provided important insights and knowledge about peer-to-peer storytelling in suicide prevention
campaigns. Future campaigns should involve simple messaging, be validating and empathetic, and consider including a lived
experience perspective.
(JMIR Form Res 2021;5(3):e23892) doi:10.2196/23892
KEYWORDS
suicide; interpersonal theory of suicide; social media; co-design; lived experience
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Introduction

campaigns have focused on this schema, meaning that it is a
novel focus for such a campaign.

Background

Although digital suicide prevention campaigns currently exist
in Australia (eg, R U OK?, #YouCanTalk campaigns, [19,20]),
these campaigns generally target thwarted belongingness rather
than perceived burdensomeness and typically focus on educating
the community to reach out to those at suicide risk. In contrast,
Better Off With You directly targets people who may be
contemplating suicide. The campaign is delivered through video
stories featuring people with lived experience of suicidal
thoughts and actions, encouraging people to challenge their
cognitions and visit a campaign website for more information
about the campaign, burdensomeness, and help seeking [21].
This focus on people with lived experience is important, as
previous evidence has found that peer-led interventions can
significantly impact areas such as quality of life, decreasing
intensity of suicidal thoughts, and improving a sense of
community [22,23].

In 2016, there were approximately 800,000 deaths by suicide
globally [1]. In Australia, approximately 2.1 million people
aged 16 to 85 years have thought about taking their own lives
at some point [2]. There are a number of theories that provide
various insights into suicidal thoughts and behavior [3]. To
understand antecedents to suicide, one of these key theories—the
Interpersonal Theory of Suicide—posits that there are 3 key
elements of suicidal behavior: perceived burdensomeness,
thwarted belongingness, and the acquired capability for suicide
[4]. Both perceived burdensomeness and thwarted belongingness
are significantly correlated with suicidal thoughts and actions
[5].
Digital platforms and social media are increasingly being used
to drive health promotion campaigns [6,7]. Indeed, social media
has a range of potential benefits for suicide prevention, further
providing an anonymous, accessible, and nonjudgmental forum
for sharing experiences [8]. However, only a few studies have
reported on the development of a safe campaign using social
media for suicide prevention purposes [8,9]. To date, only one
known campaign has published findings with regard to this
approach, which was focused on youth [10]. Critically, there is
some concern that the misuse of social media could possibly
lead to the risk of contagion [11], where suicidal behavior,
thoughts, or deaths spread through a group or community.
However, following appropriate media guidelines and designing
campaigns with people with lived experience is likely to mitigate
these risks [10] alongside appropriate social media moderation.
In fact, aligned with the Papageno effect, media can play an
important, protective role in sharing alternative approaches to
suicide, such as through suicide prevention campaigns [12].
Suicide prevention may involve various messages, including
encouraging those at risk of suicide to access the appropriate
mental health support, connect with others, and challenge their
suicidal thoughts to reduce morbidity and mortality [13-16].

Better Off With You: A Suicide Prevention Initiative
In response to this need, Better Off With You was developed, a
digital suicide prevention campaign underpinned by the
Interpersonal Theory of Suicide [4]. The campaign specifically
aims to challenge perceived burdensomeness: the common
schema experienced by people contemplating suicide that they
are a burden on their family, friends, and other people. Perceived
burdensomeness may relate to many areas, including worry
about being an emotional or financial burden on others. Such
a schema may lead people to believe that their family, friends,
and community are better off without them or that their death
would be a relief to those around them. Perceived
burdensomeness was chosen as a key focus of the campaign,
as several reviews have identified statistically significant
relationships between perceived burdensomeness, suicidal
thoughts, and suicide attempts across a range of populations
[5,17,18]. In fact, some studies have found perceived
burdensomeness to be a stronger predictor of suicidal behavior
than thwarted belongingness [18]. Furthermore, no known
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Better Off With You was developed in partnership with 2
primary health networks (PHNs), which are organizations
funded by the Australian Government Department of Health to
deliver an efficient and effective primary health care system,
including commissioning community-based suicide prevention
activities. The 2 PHN partners, Northern Sydney PHN and
Northern Queensland PHN, selected targeted areas within their
regions to undertake the campaign pilot: the Northern Beaches
of Sydney and the Whitsunday, Isaac, and Mackay area of
Northern Queensland. These areas were chosen based on the
following criteria: areas of greatest need (based on suicide rates
and community concern); existing local networks where suicide
prevention action planning and community engagement were
already underway (including collaboration with local hospital
networks, service providers, emergency services, and other
community groups); strong local coordination, including
capacity of staff within the specific PHN area to be a key contact
for supporting campaign implementation; and preparedness of
local services to respond to people seeking help in crisis,
including emergency department referral pathways and
follow-up care after a suicide attempt.
The campaign was developed iteratively with a direct
involvement from the local communities and integrating best
practice media guidelines for suicide prevention–focused
communications. This included having a targeted, clear message
with an emphasis on hope [15,16]. In addition, the approach
was designed to engage the local community and provide
opportunities to be a part of the change, aligned with
evidence-informed, community-led suicide prevention
approaches [24].

Objectives
The aim of this study is to explore the needs and preferences of
people with lived experience of suicidal thoughts and actions
to inform the development of a digital peer-to-peer suicide
prevention campaign pilot, Better Off With You, targeting
perceived burdensomeness in 2 Australian communities.
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Methods
Design
This formative study was qualitative in nature and involved
focus groups to discuss initial campaign messaging, scope, and
approach. Focus groups were chosen so that participants could
share and reflect on each other’s beliefs, opinions, and
experiences in the local community. The results informed the
creation of the campaign collateral by creative agencies. Early
versions of the campaign collateral were then presented in user
testing sessions and then further refined before the campaign
launch and impact evaluation.

Participants
Focus groups used criterion-based sampling [25]—in this case,
people who have experienced suicidal thoughts and actions
living within 2 PHN areas. As such, the research included
individuals who were most likely to benefit from (or be impacted
by) Better Off With You.
Targeted recruitment occurred through local health and
community organizations that are already engaged in suicide
prevention efforts. These organizations were contacted and
asked to share a flyer with relevant contacts, such as local
suicide prevention champions and advocates within businesses
and community organizations. Potential participants were also
contacted through social media advertisements. Participants
were recontacted for user testing workshops alongside additional
contact with local stakeholders and snowballing (asking the
existing focus group participants to share a recruitment notice
with their networks).
Participants were required to meet the following inclusion
criteria: be aged 20 years or older, currently or previously
resided in the area, have a relevant lived experience (identified
through the yes or no question: Have you ever experienced a
personal crisis or mental health issues relating to suicide [that
is, experienced suicidal thoughts or actions yourself]) but felt
well enough to discuss their experiences or speak about this
topic in a workshop context, and had not attempted or seriously
contemplated suicide in the last 12 months. The inclusion
criterion related to lived experience was to ensure that the
participants were able to comment on the campaign messaging
and materials with respect to their own personal experiences,
rather than speaking theoretically or from the perspective of a
family member or friend. The inclusion criterion relating to age
(≥20 years) was specifically chosen after a review of suicide
rates among different demographics in the local communities.
This review identified that people aged 20-60 years were
particularly at risk and were thus an important target audience
of the campaign.

Ethical Considerations
The study was reviewed and approved by Human Research
Ethics Committee, Bellberry Limited (2019-03-230). As the
study was iterative, the latter stages of the study were reviewed
via amendments to the original application. Research was
conducted by a multidisciplinary team with expertise in mental
health research, suicide prevention, public health, qualitative
research methods, and psychology.
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Participant safety was prioritized by incorporating strategies
used in previous suicide-related research [9]. Participants
prepared a wellness plan to support them if they experienced
distress during the workshop. A local mental health clinician
was present to support participants should they experience
distress during the workshop. Participants were requested to
follow safe sharing guidelines and not disclose the details of
suicide attempts in the session (either their own or those that
have occurred in their community). Furthermore, participants
were provided with crisis service contact details before focus
groups through email contact, consent forms, and in follow-up
emails within 48 hours of participation.

Measures and Procedure
Focus groups and user testing sessions were attended by 3
female members of the project team: MW and EC, researchers
who cofacilitated the discussion and who have experience in
qualitative data collection and analysis, and BV, project lead,
who provided oversight and support during discussion and took
field notes. Sessions ran for 1.5-2 hours and were conducted in
spaces such as local clinic meeting rooms and community
centers.
Each session commenced with participants completing consent
forms and an ice breaker. Each session was audio-recorded, and
the participants were reimbursed with a Aus $50 (US $38) gift
voucher. Participants were asked to complete feedback forms
covering participants’ perceptions of the session’s safety at the
end of each session, whether the session was interesting, whether
they felt heard during the session, or whether they felt Better
Off With You could make a difference in their community. Each
of these was rated on a 5-point Likert scale from strongly
disagree to strongly agree. Participants were also asked if they
were interested in being recontacted for user testing sessions in
the coming months.
Content was informed by a discussion guide. Focus groups
involved an in-depth exploration of individual experiences,
needs, and preferences related to content, format, and channels
to assist in designing Better Off With You. Discussion questions
pertained to memorable health campaigns, important messages
around suicide prevention, discussion around perceived
burdensomeness and its relevance, and format of the campaign.
Region-specific questions were asked, including questions about
the impact of suicide on their local community and the types of
imagery or messaging that would appeal to the community.
User testing sessions were held around 3 months after the
workshops. These involved reviewing the near-final campaign
materials to ensure that they met the design requirements
identified in the focus groups. Participants were shown
30-second and 3-min versions of the campaign videos featuring
local people with lived experience of suicidal thoughts and
actions and filmed in local settings. There were 3 video stories
per region; each 30-second version was shown and discussed,
and one 3-min version was shown and discussed. Discussion
questions pertained to immediate reactions to the videos, likes
and dislikes, perceived messages in the videos, and perceived
appropriateness for the local community. Participants also
discussed website design and architecture (wireframes).
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Data Analysis
Descriptive statistics were calculated for written feedback forms
(percentage agreement and means or SDs). Audio files were
transcribed verbatim. Transcriptions, field notes, and written
feedback were analyzed via thematic analysis using the
methodology outlined by Braun and Clarke [26] using NVivo
12 (QSR International). This was a recursive process that was
both deductive and inductive in nature. The initial steps involved
immersion in the data by 2 authors (MW and EC), via reading,
rereading, and listening to recordings. These authors then
independently coded each transcript line by line, and met to
discuss and generate overarching themes based on patterns
identified between the codes. Latter transcripts were then coded
using these initial themes as a guide. The authors regularly met
to discuss the thematic analysis and to modify and refine the
themes, subthemes, and codes.

Results
Overview
The results are presented chronologically below, with each
subphase structured according to 3 themes: acceptability, safety,
and resonance. These overarching themes were applied on both
the focus groups and user testing sessions and are discussed in
relevance to each iterative stage. Subthemes, including clarity
of messaging and balancing hope and realism, were discussed
where appropriate. Descriptive statistics for feedback forms are
presented in Multimedia Appendix 1.

Focus Groups
In total, 13 people with lived experience of suicidal thoughts
and actions participated in focus groups in June 2019. The first
workshop was held in Northern Queensland and included 6
women aged 27 to 59 years (mean 48.7, SD 11.6). Owing to
recruitment difficulties, a second workshop could not be held
in this PHN area; instead, 2 individual interviews were
conducted with 2 women aged 48 and 64 years. A second
workshop was held a fortnight later in New South Wales. This
workshop included 3 women and 2 men aged 27-60 years (mean
44.8, SD 19.2). For workshop participants, written feedback
(Multimedia Appendix 1) indicated a very high agreement
(>90%, 10-11/11) that the workshop was safe, interesting,
participants’ voices were heard, and the campaign could make
a difference in the local communities.

Acceptability
Participants believed that suicide is a serious, ongoing issue in
their communities and welcomed a localized suicide prevention
focus. However, most participants did not immediately identify
perceived burdensomeness as an important schema for someone
contemplating suicide. Participants also had difficulty
understanding the tagline Better Off With You and its relationship
to burden without context. Participants tended to initially
conceptualize the message as being said by other people (family
or friend) to a suicidal person, rather than being said by people
with a lived experience. They felt that this perspective would
have a negative impact on someone contemplating suicide and
that they would feel guilty and ashamed of having suicidal
thoughts:
https://formative.jmir.org/2021/3/e23892
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I just got the feeling of guilt [from the tagline “Better
Off With You”]…that it’s not about the person who
is suicidal, it’s about the other people; we are better
off with you. We’re not focusing on the person and
trying to find out what’s going on for you, and that
goes into that guilt tripping: “We want you here so
don’t you dare kill yourself”. [Female participant,
New South Wales session]
Interpretation of the tagline was discussed in detail; hence, the
first subtheme was identified: clarity of messaging. Participants
found the tagline to be clearer once they understood the broader
messaging of the campaign. Once participants understood that
the message would be delivered by someone with a lived
experience rather than by a third party and that the message was
free from judgment or shame, they generally accepted the
tagline. Similarly, participants accepted targeting perceived
burdensomeness once this was explained clearly and
contextualized, even though participants might not have
experienced this schema as a part of their own lived experience
with suicidal thoughts and actions:
I think [the message is] actually very, very powerful.
I think the idea of if you can just get yourself over this
point – and there is a point and it is going to change.
It may not get better straight away, but if you can just
get yourself over this hurdle and out of this rut again
maybe you can start helping yourself a little bit.
[Female participant, Queensland session]

Safety
Participants did not identify any component of the campaign
that was identified as inherently triggering or unsafe, as long
as the messaging was clear and considered. However, they spoke
to the nuance of maximizing emotional safety in the
campaign—that is, minimizing distress, avoiding critical
incidents, and ensuring viewers feel comfortable with the
campaign.
The importance of validating people’s lived experience through
the narratives was highlighted, with participants noting that
being suicidal “is a big deal and it is hard” (female participant,
New South Wales session). They warned against trivializing
experiences with presumptive messaging, such as you will get
over it.
Participants reported the importance of including help-seeking
information as a part of the campaign in the event that a viewer
of the campaign becomes distressed or triggered (ie,
re-experiencing a traumatic event): “I think if you’ve going to
have a powerful ad like that, at the end you need to have
something about if it triggered you, here’s the number to call”
(female participant, Queensland session). They highlighted the
importance of including a range of local, national, and
web-based services, including 24/7 services. They reported that
the website accompanying the campaign should also include
support for carers, families, or friends. Participants also reported
that help seeking can be challenging; they suggested
encouraging campaign viewers to keep trying even if they did
not find the right support immediately.
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Resonance
Real stories were perceived as likely to resonate with the
campaign’s target audience. Participants identified that an
authentic and honest tone would have a real impact through
voices of those with lived experience of suicidal thoughts and
actions and who have walked the path themselves (rather than
actors or celebrities):
It’s actually using people who have been through it
and have survived and have turned their lives
around...there is nothing worse than listening to some
paid actor and it’s like “you have no idea…you
haven’t been in my shoes. I can’t have any faith in
what you’re telling me because you’re not even real.”
[Female participant, Queensland session]
It was identified that the campaign was most likely to resonate
if the message was simple, without being too simplistic, and
did not trivialize experiences; participants highlighted the
importance of acknowledging the complexity of issues and of
people’s lives.
Participants reported that for the campaign to resonate, it must
be engaging. Participants recommended that the campaign
should have a serious but hopeful tone and use conversational
language rather than formal language, which might ostracize
some viewers. They identified that the video content should be
brief and eye catching to hold the audience’s attention, should
not be overproduced (ie, should not include overly dramatic
music), and should talk directly about suicide rather than just
alluding to it.

Carrotte et al
Generally, participants were enthusiastic about the campaign
being localized. They reported that known geographic locations
and landmarks could be shown to be locally identifiable.
Participants also highlighted the importance of diverse
representations in the campaign, thereby targeting a range of
audiences, such as people from farming or mining communities,
young people who are not engaged in popular local social
activities or cultures such as surfing and sport, and people from
culturally and linguistically diverse backgrounds.

User Testing
The focus group findings informed the development of the
campaign collateral while considering tone, language, length
of videos, clarity of messaging, and opportunities for
dissemination. Draft collateral was presented to participants in
user testing sessions (examples are presented in Figures 1 and
2). Videos featured a person with personal experience of suicidal
thoughts and actions discussing events, emotions, and thought
processes that preceded or contributed to their suicidal thoughts,
how they coped, and what life has been like since the crisis had
passed. Thoughts around perceived burdensomeness were
highlighted in each story. In each video, the storyteller spoke
directly to the camera, with local overlay footage edited
throughout the video (eg, the participant walking along the
beach, spending time with friends, or walking their dog). The
final shot of each video was the Better Off With You logo,
website link, and crisis support numbers. A 30-second teaser
version was produced for each story for social media, designed
to draw in the viewer and then direct the viewer to the Better
Off With You website to watch the longer 3-min version of the
video and access support information.

Figure 1. Screenshots of draft Better Off With You videos (video 1/6; Phoebe’s story; 30-second version) discussed in user testing sessions.

A total of 3 user testing sessions occurred across September to
October 2019: 2 in New South Wales and 1 in Northern
Queensland. In total, 14 participants attended these sessions. A
total of 10 participants attended in New South Wales,
comprising 4 men and 6 women aged 23-68 years (mean 42.2,
SD 15.1); 4 participants participated in Northern Queensland,
with 1 man and 3 women aged 43-64 years (mean 51.5, SD
9.0). Written feedback (Multimedia Appendix 1) indicated a
very high agreement (14/14, 100%) that the workshop was safe
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and interesting, and participants’ voices were heard. Feedback
was mixed for the items pertaining to the campaign materials,
with the strongest agreement for the videos being engaging
(12/14, 86%), likely to encourage help seeking (14/14, 100%),
and likely to give viewers a sense of hope for the future (13/14,
93%). The lowest percentage agreement was for the item: the
campaign could distress viewers, with only 29% (4/14)
agreement.
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Figure 2. Draft Better Off With You website landing page design discussed in user testing sessions.

Acceptability
Messaging was frequently discussed, both prompted and
unprompted by the facilitators. As seen in the focus groups,
participants accepted the general message behind Better Off
With You. The message was generally perceived as fairly clear
in the 30-second videos but became diluted during the longer
3-min videos, which involved more of the storyteller’s narrative.
Participants identified key (but unintended) messages they
noticed in the longer videos, which included there is hope, find
the right diagnosis, and talk about it. These were not necessarily
received as inappropriate messages for a suicide prevention
campaign but were not the intended primary focus of Better Off
With You. Participants felt that the you are not a burden message
often came through as secondary to these other messages in the
3-min videos, was too subtle, or was lost in the narrative:
I found the 30 seconds captured me, whereas this...it
was just your classic sort of suicide video. Because I
loved the message so much about this burden on
family, and it was only really mentioned very briefly...
[Female participant, New South Wales session]
Participants were most accepting of the 30-second videos,
generally identifying them as engaging, real, and honest. These
clips were very rapid, and some participants commented that
they could be simplified slightly to improve comprehension.
Regardless, they reported that the message in these short videos
was clear and strong. Participants often identified a sense of
hope in these videos and praised this tone, for example: “(The
video) showed the future, from a dark place...it showed a
possible future” (female participant, Queensland session).
https://formative.jmir.org/2021/3/e23892
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Feedback around the acceptability of the longer, 3-minute
versions of the videos was more mixed. Although some
participants identified these as powerful, “open, and honest”
(male participant, New South Wales), others reported that the
videos were not as engaging or clear. Creative flow significantly
impacted this result, particularly the choice of music and rapid
editing of overlay or dialog, which were seen as disjointed,
distracting, or inappropriate to the topic at times. Suggestions
were made to simplify the editing and alter the music to ensure
that the narrative was engaging and the message was clearer.
The website design was generally viewed favorably. Although
some felt the design was “a bit clinical” (female participant,
Northern Queensland session), the graphic design was generally
well received. Participants recommended that the website
content have a personal, informal, and direct tone:
It’s a clean website; it’s not cluttered. And it seems
to be easy to navigate, and the colour scheme is the
same. So I think it’s a good one. [Female participant,
New South Wales session]

Safety
Participants did not anticipate any significant negative impact
from any campaign videos. A few participants experienced an
emotional response to the videos within the sessions, but no
participants identified being emotionally triggered or feeling
unsafe after seeing the campaign materials.
Participants identified that help-seeking messages in the videos
were necessary to ensure that viewers knew where to seek help
if they were experiencing suicidal thoughts. However, specific
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descriptions of help seeking from the storytellers often brought
about comparative responses. A second subtheme was identified
through this discussion: balancing hope and realism.
Participants spoke to the challenge of needing to balance the
message of seek help if you are feeling suicidal with a realistic
assessment of the challenges associated with seeking help in
local mental health services. If participants interpreted the
storyteller’s help-seeking journey as being a straightforward
process, then this was met with rejection:
The fact that [the storyteller] said, “You can actually
talk to your doctor and you won’t be judged,” but
there will be people out there who say, “Well, how
would you know? My doctor judged me badly and
I’m never going back to this doctor.” [Female
participant, New South Wales session]
Many participants identified that they had personally
experienced challenges while seeking help for mental health or
suicidal thoughts; however, focusing too much on this in the
videos could be seen as off-putting and detracting from the
intended messages of the campaign. This meant that if
participants interpreted the storyteller as being privileged with
access to a range of health care professionals and self-care
resources, then this interpretation could also be taken in the
wrong way:
I feel [the message around help seeking] is a little bit
risky... It’s like, just keep on trying and maybe you’ll
get there, and you’ve got to do ballet and see a
psychiatrist and see a psychologist and go to the gym,
stay away from the screens and ask someone to help
you... And even when you do all that, you might not
click with the right person. [Female participant, New
South Wales session]
Participants highlighted the need for the website to be easy to
navigate, particularly in the event that someone accesses the
website in a state of distress or suicidal crisis. They suggested
a clear signposting of Better Off With You as a suicide prevention
initiative, including more direct information about managing
thoughts around burdensomeness on the website:
Just having something like some practical skills, like
how to talk to someone about the burden...so just
some questions you could ask. Because that’s really
what it’s about, isn’t it? Like there’s all different
layers of help, but if you do feel that you are a burden
to others, just being able to sit down, say with a
mother, and say, “These are the feelings I’m having,”
and what questions can you ask. [Female participant,
Queensland session]

Resonance
Participants seemed drawn to storytellers who were perceived
to be authentic, genuine, and honest. The sense of authenticity
was enhanced by seeing storytellers express clear emotions (eg,
becoming teary when discussing a difficult experience), ensuring
that the camera was on the storyteller’s face when they were
discussing sensitive elements of their stories, and showing
storytellers in their own environments. This contributed to some
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storytellers being viewed as engaging, likable, and quite
authentic (male participant, New South Wales session).
Participants also commented on the relatability of the
participants’ stories. Some participants reported relating to the
elements of the storytellers’ narratives, such as their thought
processes. Relatability was enhanced because of some
storytellers who do not look like they fit the stereotypes of
people experiencing mental health issues or suicidal thoughts,
for example: “I think she (the storyteller) looked like someone
who you would not imagine would struggle” (male participant,
New South Wales session).
Points of contention were identified in the longer videos, which
explored more of the storyteller’s journey. Aligned with the
subtheme of balancing hope and realism discussed above, when
more specifics of a diagnosis or recovery journey were provided,
this tended to invoke a more comparison-based response from
the participants, who were likely to comment along the lines of
not everyone can access that support or in my experience that
did not work. Similarly, if participants mentioned specific
symptoms of mental health issues (such as mania if they
experienced bipolar disorder), then the participants tended to
find this less relatable if they did not reflect their experience.
The more specific details provided, the more likely participants
were to focus on the details and lose a sense of the overall
intended messages due to perceived irrelevance or being
invalidating (male participant, New South Wales). Participants
tended to respond critically to the instances of advice-giving or
blanket reassurance provided by the storytellers:
I think for young people [the message] might be a bit
too strong...Kind of like a dad saying, “You’re not
thinking straight if you’re thinking about killing
yourself.” And it’s like, “Well, what would you
know?” [Male participant, New South Wales session]

Discussion
Principal Findings
This qualitative, iterative study explored the needs and
preferences of people with lived experience of suicidal thoughts
and actions for a digital peer-to-peer suicide prevention
campaign pilot, Better Off With You. We conducted a series of
focus groups to discuss initial campaign messaging and
approaches. On the basis of this feedback, campaign collateral
was then developed before being presented in user testing
sessions with local participants with lived experience for further
feedback and recommendations. To the best of our knowledge,
this is the first study to report on the design and development
of a digital suicide prevention campaign focusing on perceived
burdensomeness.
The findings of this study highlight the challenges in developing
a suicide prevention campaign that successfully conveys a clear,
simple message. The intended burdensomeness message did
not immediately resonate with participants, with participants
also perceiving a variety of other appropriate, positive campaign
messages. This was important, as participants highlighted the
need for a hopeful tone. Concerns were also raised about the
key message being misinterpreted. Even though research has
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shown a strong correlation between perceived burdensomeness
and suicidal behavior [18], there may be a low awareness in the
general public about this relationship. Given that we have not
found any other suicide prevention campaigns that focused on
perceived burdensomeness, this finding is not surprising. It
reinforces the need to have ongoing end user involvement in
the development of any suicide prevention campaign to ensure
that the intended message is understood by the target audience
and communicated in a clear, validating manner. It also
highlights the potential role of the media in conveying a sense
of hope and alternative pathways in the context of suicidal
thoughts and actions.
A major finding of the study was the participants’ strong
preference to include first-person perspectives in the campaign.
This resonance is aligned with a previous research study that
suggests that peer-to-peer mental health and suicide programs
with relatable, credible lived experience perspectives are an
effective way to decrease stigma and increase help seeking [27].
It also reflects a recent research study by Thorn et al [10], who
found that young people wanted to see real people in videos
and photographs for a social media suicide prevention campaign,
rather than professional actors or models. Not only was the
peer-to-peer approach seen to be an authentic and acceptable,
participants felt that a campaign where the message was
delivered by another person, such as a family member or friend,
would not be as powerful. Our findings contribute new insights
and knowledge about the design elements required for
developing effective lived experience suicide prevention videos,
as shown in recent studies reporting on the effectiveness of
videos targeting farmers [28] and lesbian, gay, bisexual,
transgender, intersex, and queer communities [29]. These
findings also suggest that a third-person approach, while well
intentioned, may not engage the target audience of those
contemplating suicide effectively.
Regardless, the study identified the importance of ensuring that
these real stories are perceived to be realistic and relatable while
acknowledging the inequities of access to appropriate support.
For example, participants were critical of the stories they
perceived to be downplaying the realities of seeking help for
suicidal thoughts and actions; however, they agreed that
help-seeking messages were important. This result highlights
the need to strike a balance between being true to a person’s
lived experience while ensuring that their story is told safely
and realistically.
Ensuring the material does not have any negative or unexpected
impact is critical for any suicide prevention intervention,
particularly for campaigns intended for a mass media
distribution across a region or community. The findings of this
study suggest that it is possible to develop a safe suicide
prevention campaign that addresses perceived burdensomeness.
Although there are existing evidence-based guidelines for
developing suicide prevention campaigns [15,16], this study
provides new insights into the nuances required to develop safe
suicide prevention messages without alienating the target
audience; for example, acknowledging the challenges of seeking
help, without discouraging people or suggesting that there is
only one right way to manage suicidal thoughts. Furthermore,
the written feedback and lack of adverse incidents indicate that
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there were no negative or unexpected impacts on participants
because of participating in the study or seeing the draft campaign
materials. This supports research indicating that people with
lived experience of suicidal thoughts and actions can be safely
involved in this type of research [10,30,31].

Research Translation
Findings from this study were communicated to the creative
agencies involved in designing the website, video stories, and
other campaign collaterals. Edits included changing dialog
(including removing some lines that were highlighted by
participants as invalidating or challenging), slowing down the
pace, removing some of the overlay to simplify the videos, and
replacing some of the music cues. Website changes included a
clearer branding of the website as a suicide prevention initiative,
adding more information about perceived burdensomeness, and
various language changes. A future publication will report on
the effectiveness of this suicide prevention campaign pilot when
delivered via social media.

Limitations
This study has some limitations. As a small pilot conducted in
only 2 regions of Australia, the generalizability of the findings
may be limited. Notably, each workshop ranged between only
4 to 6 participants. Difficulty with recruitment is common in
suicide-related research [9], and it was difficult to find people
in the community who fit the inclusion criteria and were willing
and able to participate within a short recruitment timeline.
Recruitment was restricted to specific geological areas and
budget or overarching project timeline constraints, likely
impacting upon the participation rates.
Younger participants and men were underrepresented, which
is not unusual in health research [32]. However, with an
increased buy-in from local stakeholders to help target local
men more directly, we were able to improve the gender ratio
for the user testing sessions, with 36% (5/14) being male
participants. Future research should expand on this work to
improve the generalizability to the specific needs of populations
who are overrepresented in suicide statistics, including men,
Aboriginal and Torres Strait Islanders, those from cultural and
linguistically diverse backgrounds, and those with diverse sexual
and gender identities.
Despite the small sample and recruitment challenges, the
feedback was rich. Indeed, given the sensitive nature of the
topic, a smaller and more intimate size may have facilitated a
more meaningful contribution in each session with the
opportunity to discuss ideas in greater depth in smaller groups.
Finally, it is possible that using direct payment incentivized
participants to sign up for the study who may not have had
sufficient experience or local expertise; however, considering
the depth of the feedback, the authors do not believe this
impacted upon the quality of the data.

Conclusions
This iterative study provided important new insights and
knowledge about how the contribution of people with lived
experience of suicidal thoughts and actions is essential for the
development of an acceptable, safe, and resonant suicide
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prevention campaign. The messaging must be clear, simple,
and validating, and the inclusion of a lived experience
perspective is particularly valuable. This feedback was critical
for developing the Better Off With You pilot, which has now
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been rolled out. Subsequently, opportunities for expanding the
campaign are being explored. Impact evaluation will be
discussed in a future publication.
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Abstract
Background: Novel wearable biosensors, ubiquitous smartphone ownership, and telemedicine are converging to enable new
paradigms of clinical research. A new generation of continuous glucose monitoring (CGM) devices provides access to clinical-grade
measurement of interstitial glucose levels. Adoption of these sensors has become widespread for the management of type 1
diabetes and is accelerating in type 2 diabetes. In parallel, individuals are adopting health-related smartphone-based apps to
monitor and manage care.
Objective: We conducted a proof-of-concept study to investigate the potential of collecting robust, annotated, real-time clinical
study measures of glucose levels without clinic visits.
Methods: Self-administered meal-tolerance tests were conducted to assess the impact of a proprietary synbiotic medical food
on glucose control in a 6-week, double-blind, placebo-controlled, 2×2 cross-over pilot study (n=6). The primary endpoint was
incremental glucose measured using Abbott Freestyle Libre CGM devices associated with a smartphone app that provided a
visual diet log.
Results: All subjects completed the study and mastered CGM device usage. Over 40 days, 3000 data points on average per
subject were collected across three sensors. No adverse events were recorded, and subjects reported general satisfaction with
sensor management, the study product, and the smartphone app, with an average self-reported satisfaction score of 8.25/10.
Despite a lack of sufficient power to achieve statistical significance, we demonstrated that we can detect meaningful changes in
the postprandial glucose response in real-world settings, pointing to the merits of larger studies in the future.
Conclusions: We have shown that CGM devices can provide a comprehensive picture of glucose control without clinic visits.
CGM device usage in conjunction with our custom smartphone app can lower the participation burden for subjects while reducing
study costs, and allows for robust integration of multiple valuable data types with glucose levels remotely.
Trial Registration: ClinicalTrials.gov NCT04424888; http://clinicaltrials.gov/ct2/show/NCT04424888.
(JMIR Form Res 2021;5(3):e20175) doi:10.2196/20175
KEYWORDS
clinical trials; continuous glucose monitoring; lifestyle modification; mobile app; telemedicine; diabetes

Introduction
Diabetes is one of the most prevalent chronic diseases in the
world, impacting over 422 million people worldwide [1]. In the
United States alone, type 2 diabetes (T2D) affected over 32
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million individuals as of 2018 [2]. Western lifestyle, including
diet, has been shown to play a clear role in the development of
the disease [3-5]. Although a large and growing number of drugs
have been approved for the treatment of T2D, no cure or
universally effective pharmacological intervention yet exists.
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By contrast, studies where sustained dietary and behavioral
changes were made (eg, caloric restriction) have shown profound
improvements in glucose control in subjects who are able to
adhere to the regimen [6]. For example, in a study conducted
by Lean et al, 306 individuals with T2D were given an
850-calorie diet. While only 24% achieved the primary end goal
of weight loss of ≥15 kg, 86% of subjects who achieved the
goal saw remission of their diabetes by 12 months [7]. Such
low compliance, which is routinely observed in trials with
dietary and behavioral changes, limits the interpretability of the
intervention. In addition, rigorously accounting for such attrition
in a randomized controlled trial (RCT) can dramatically increase
the cost and complexity of conducting such studies, especially
over long periods of time. As a consequence, rigorous trials of
feasible dietary changes in routine clinical practice settings are
frequently not performed, which in turn limits the body of
clinical evidence available to guide treatment [8,9]. Studies that
are less invasive in terms of the participants’ usual daily
activities may enable collection of endpoint measurements
matching the quality of traditional clinical study assessments
while decreasing dropouts and improving the tracking of
compliance.
The growing use of mobile technologies, wearable biosensors,
and telemedicine in RCTs allows for closer patient monitoring
and increased engagement while limiting overhead [10]. If a
sensor can provide high-quality measurements of relevant
clinical metrics, it may be leveraged to conduct robust trials
outside the traditional clinical trial setting. In the context of
diabetes, continuous glucose monitoring (CGM) devices
represent a widely used type of sensor. A new generation of
devices [11] has overcome earlier drawbacks of previous CGM
devices, including cost and the continuing need for calibration
[12], and has gained regulatory approval [13-15]. Consequently,
the number of clinical trials using CGM devices to measure
primary or secondary endpoints has increased [16-22],
permitting new innovative approaches and clinical trial designs.
For example, in a previous report [23], 36 subjects were enrolled
remotely and received CGM devices via shipments. Instructions
on CGM application and usage were given remotely, and 34
subjects used the devices correctly more than 95% of the time.
Such recent results may enable and support the conduction of
robust investigations outside the usual clinical trial setting.
Although CGM deployment in clinical research is now well
established, the advent of this new generation of glucose
monitors has led to a large increase in studies relying mostly or
solely on CGM data as primary outcome measures. Despite this,
most studies do not fully leverage the potential of CGM devices,
as they are deployed only for specific time periods in the study,
for example, the first and last days of the trial [17-21], and when
conducting interventions and monitoring while attending a
clinical center [24,25]. Furthermore, integrating and augmenting
the data provided by CGM devices with other data types, such
as food logs and activity data, are still relatively unexplored.
In this manuscript, we present the results from a 6-week,
double-blind, randomized, placebo-controlled, exploratory 2×2
cross-over study (n=6). A custom smartphone app was used to
record food intake, exercise, and alcohol consumption and
integrate these data with CGM data to construct a visual diet
https://formative.jmir.org/2021/3/e20175
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log in sync with concurrent glucose levels. In a concomitant
study [26], we observed changes in postprandial glucose
response in patients with T2D who consumed a five-strain
synbiotic medical food manufactured by the study sponsor. The
postprandial glucose response was measured following a
standardized meal-tolerance test (MTT) administered at the
clinic. In parallel, we were also interested in following subjects
using the medical food while they pursue their daily activities
unencumbered by the disruptions introduced by required visits
to a research clinic. Thus, in this exploratory study, subjects
consumed the medical food, and the postprandial glucose
response was measured using CGM devices via a
self-administered MTT at home. The aim of this study was to
demonstrate the feasibility of measuring clinically relevant data
for research purposes using CGM devices and a smartphone
app while subjects pursue their normal daily activities.

Methods
Study Design
A double-blind, randomized, placebo-controlled cross-over
design was used to compare responses to the following two
experimental interventions: a synbiotic medical food product,
which was provided by the study sponsor, in the form of three
capsules taken twice a day, and an inactive placebo present in
similar capsules (Multimedia Appendix 1). Subjects wore CGM
(Freestyle Libre) devices through the entirety of the study
according to the manufacturer’s instructions for use. At baseline,
beginning/end of each period, and washout, subjects were asked
to collect a stool sample. The concentrations of the bacterial
strains, which were ingested in the medical food, in those stool
samples were estimated using quantitative polymerase chain
reaction (qPCR). Strain concentrations were averaged across
three replicates. One subject (Subject 4) did not provide stool
samples, so this part of the analysis was performed in five
subjects. Anthropometric characteristics were also measured.
Throughout the study, subjects used a custom smartphone app
for the Android platform. This app was developed to facilitate
the real-time collection and integration of glucose levels, a
visual food log, an alcohol log, and an exercise log, as well as
record scanning compliance (how often do subjects scan their
CGM devices) and study events (such as MTT). Through the
app, subjects could take pictures and annotate them to describe
their food consumption. They could also submit text annotations
without pictures to log events such as exercise. Screenshots of
the mobile app can be found in Multimedia Appendix 2 and
Multimedia Appendix 3.
The goal of this exploratory study was to determine how to
collect and analyze appropriate glucose metrics when conducting
a medical food study with CGM devices and a novel smartphone
app. This includes measuring operating characteristics
(sensitivity and specificity) and sources of variance for those
metrics when determined with Freestyle Libre glucose sensors,
as well as identifying proper statistical tests of glucose metrics,
for example, to test for changes in areas under the curve (AUCs)
for glucose derived from self-administered MTTs between active
and placebo groups. Additional endpoints of interest were
change in body mass, change in fecal probiotic strain
JMIR Form Res 2021 | vol. 5 | iss. 3 | e20175 | p.106
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concentration, expected lifespan of CGM sensors, CGM sensor
scanning, photo logging of compliance rates, and usability
feedback.
Subjects were randomly assigned to the two study arms (study
product then placebo or vice versa). Subjects were assigned in
pairs so that each arm contained the same number of subjects.
Study staff and subjects were blinded to the identity of the study
product. Randomization was performed by a statistician not
directly involved in study conduct. Both periods lasted 13 to
17 days and were separated by a washout period of 3 to 6 days.
Details of the durations of the study periods for each subject
can be found in Multimedia Appendix 4.
This study was approved on March 13, 2018, by the Aspire
Institutional Review Board (IRB) (protocol number WB01-205).
Informed consent was obtained from each subject prior to
participation. Since it was a prospective study, it was
retrospectively registered on ClinicalTrials.gov (registration
number NCT04424888).

Subject Enrollment and Characteristics
Since this was an exploratory study, the main inclusion criterion
was a minimum age of 17 years. Key exclusion criteria were
pregnancy; continuous parenteral nutrition; and current use or
planned use of antibiotic, antifungal, antiparasitic, or antiviral
treatment during the study. Subjects were recruited by word of
mouth from members of the biotechnology research community
in San Francisco, California. A total of six subjects were
enrolled in the study. Subjects were remunerated in the form of
an Amazon gift card of US $100 for successful completion of
each of the two study periods. Subjects had a run-in of 3 to 5
days before the first period (product/placebo) to familiarize
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themselves with the CGM devices and demonstrate that they
could employ the devices as instructed. Subjects were shown
how to use their CGM devices and how to log their meals and
exercise and take pictures of their food intake through the
smartphone app. Throughout the baseline period, they could
ask questions about CGM usage. All subjects mastered correct
use of the CGM devices and the smartphone app under
observation by the study coordinator at the clinic. This consisted
of properly collecting 24 hours of data and demonstrating the
ability to take pictures and make annotations through the app.

Data Collection
The Freestyle Libre CGM devices used in this study provide
estimates of interstitial fluid glucose levels. At 15-minute
intervals, the estimates are recorded in the device and stored
for up to 8 hours. Whenever the CGM receiver is wanded over
the device, the 8 hours of data in the device at that time are
downloaded for storage in an external database. These data can
be used to display a subject’s glucose levels at various time
intervals. For a subject who started with the study product
followed by washout (WS1), crossed over to placebo, and ended
with a second washout (WS2) (Figure 1A), for example, we can
visualize the glucose level throughout the study (Figure 1C) or
zoom in on a specific day (Figure 1D). Glucose levels as
estimated by the CGM device can be complemented by other
data sources. A visual food log was constructed as subjects
logged pictures of their meals through the smartphone app. As
evidenced in Figure 1D, the recorded meal was associated with
a spike in glucose levels. To facilitate interpretation of CGM
data, we developed a peak detection algorithm based on
methodology from Palshikar [27] that can automatically detect
glucose peaks (Multimedia Appendix 1).
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Figure 1. Glucose and dietary data collected for one subject. All data types collected for one subject. (A) Subject 1 starts in the active product arm (14
days) and then moves to the placebo arm (14 days). (B) At baseline, the end of each period, and study end, the subject provides stool samples. Strains
present in the product are detected at the end of the active product period and a little after (arrow mark). (C) Continuous glucose monitoring (CGM)
glucose levels are also tracked throughout the 6 weeks. (D) The values can be compared to the fingerstick measurements or used in coordination with
pictures taken (here chicken wings at 7 PM) to detect meal-related glucose excursions. AMUC: Akkermansia muciniphila; BINF: Bifidobacterium
infantis; BSL: baseline; CBEI: Clostridium beijerinckii; CBUT: Clostridium butyricum; EHAL: Anaerobutyricum hallii; WS: washout.

To ensure that their CGM devices were appropriately inserted,
subjects also used conventional fingerstick devices (FreeStyle
or CVS Health Blood Glucose Meter) to measure capillary
glucose levels several times during the study and reported the
values through the app. Fingerstick and CGM measurements
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XSL• FO
RenderX

were in good agreement (Multimedia Appendix 5) and were
within the expected range [13].
At the end of the study, after unblinding, the clinical coordinator
conducted an interview with all subjects, excluding Subject 5.
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This interview was guided by a predefined template (Multimedia
Appendix 6). Questions focused on the following categories:
study design, product, CGM device, mobile app, behavior
changes, future studies, and closing remarks, and there was a
mix of open-ended and closed-ended questions. Subjects were
also asked if they would participate in another similar study and
if they would recommend others to a study like this, on a scale
ranging from 1 (no) to 10 (absolutely).
Finally, to assess the presence of our strains, stool samples were
collected throughout the study, and strain concentrations were
measured by qPCR of frozen fecal samples. qPCR analysis was
conducted in five of the six subjects who provided stool samples.
In Figure 1B, strain concentration information is overlaid with
arm assignment. As expected, we only detected the presence of
the strains after study product administration.

Measuring the Response to a Fasted MTT
The fasted MTT is a gold standard test to measure glucose
control in subjects. A standardized meal was to be consumed
in the morning after fasting for at least 6 hours, and subjects
were asked to ingest no additional calories for one additional
hour. All subjects ingested the same standardized meal as
follows: a Boost nutritional drink containing 45 g of
carbohydrates including 22 g of sugars [28]. The MTT was
performed four times throughout the study by each subject (at
the start and end of both the placebo and product periods).
Subjects recorded when they ingested the Boost drink through
the smartphone app, and corresponding glucose levels were
obtained from the CGM devices. The incremental AUC for
glucose levels was calculated for each time point and subject
[29]. The baseline for the incremental AUC was defined as the
glucose level at t=0, when the Boost ingestion began, as
recorded by the CGM device.
The AUCs at the beginning and end of the placebo/product
periods were compared using ΔAUC as follows:
ΔAUC = AUCEnd – AUCBeginning(1)
Finally, the cross-over design allowed the comparison of ΔAUC
between the placebo and active products (ΔΔAUC). We
performed a one-sided Wilcoxon signed-rank test to test the
null hypothesis (H0: ΔΔAUC ≥0 versus H1: ΔΔAUC <0).
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Results
Subjects and Sensors
All six enrolled subjects completed the study. No adverse events
or major deviations from the protocol were reported. All
hypoglycemic events (defined as excursion below 70 mg/dL
for at least two consecutive data points, ie, 30 minutes) are
summarized in Multimedia Appendix 7, according to the
recommendations of Schnell et al [30]. In accordance with
manufacturer recommendations, CGM sensors were worn for
an average of 13 consecutive days. The first sensor was placed
under the supervision of the study coordinator. Subjects then
placed their second and third sensors by themselves. Four
subjects (1, 3, 5, and 6) had to replace one sensor each after
only 10 days, mostly because the sensor was dislodged while
dressing. Multimedia Appendix 8 recapitulates a few
glucose-based subject-level metrics, according to the report by
Schnell et al [30].
During interviews, subjects reported that CGM usage was a
positive experience (Multimedia Appendix 9). However, two
subjects inadvertently dislodged sensors because of clothing
snags. Two subjects also reported minor soreness shortly after
CGM implantation.

Fasted MTT Using CGM Devices
At four time points throughout the study, subjects performed
MTTs as described above. MTTs were performed just before
the start and at the end of the placebo/product periods. The
standardized MTT data were used to compare a potential change
in the glucose response for a fixed nutrient intake. If the study
product had the effect of improving a subject’s glucose
metabolism, a decrease in the peak glucose level and/or AUC
would be expected.
As shown in Figure 2, most subjects displayed an increase in
glucose levels after taking the standardized meal. Each
individual performed four MTTs (one at the beginning of each
period, one at the end of the placebo period, and one at the end
of the product period). Since the CGM devices used in this study
generated a glucose measurement every 15 minutes, the curves
are quite smooth, which allowed a robust computation of the
AUC. The MTT data were obtained without additional subject
engagement other than ingesting the standardized meal at home.
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Figure 2. Results of the meal tolerance test (MTT). Glucose response to standardized meals for all six subjects in the study. Area under the curve values
for the beginning of placebo/product, end of placebo, and end of product periods are in gray, yellow, and green, respectively. The MTTs are annotated
by the subjects at time t=0 using the smartphone app. Glucose levels are normalized by the glucose level at t=0.

For Subjects 1, 2, and 4, the AUC decreased on ingesting the
active study product, and ΔAUCProduct was smaller than
ΔAUCPlacebo. For Subjects 3, 5, and 6, the AUC increased on
ingesting the product, and ΔAUCProduct was greater than
ΔAUCPlacebo (Table 1 and Multimedia Appendix 10). Owing to

the scale (n=6) and design of this pilot study, there is very
limited power. In addition, none of the subjects were diagnosed
with T2D, so we do not expect to find statistically significant
results. Accordingly, the one-sided Wilcoxon signed-rank test
had a P value of .28.

Table 1. Subjects ranked by baseline value of area under the glucose curve.

a

Subjecta

Baseline AUCb (mg/dL/min)

ΔAUCPlacebo (mg/dL/min)

ΔAUCProduct (mg/dL/min)

ΔΔAUC (mg/dL/min)

6

265.3

1035.1

1683.2

648.1

3

737.0

1027.1

1598.3

571.2

5

834.8

102.8

552.8

450.0

4

1557.6

427.7

−933.0

−1360.7

1

2084.2

−221.6

−1213.9

−992.3

2

3931.8

1309.1

−978.1

−2287.2

For Subjects 1, 2, and 4, the AUC decreased when taking the product and ΔAUCProduct was smaller than ΔAUCPlacebo.

b

AUC: area under the curve.
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As this was a small pilot study, we did not use any baseline
metric to stratify subjects based on their initial glucose control
levels. However, a post-hoc analysis revealed that baseline AUC
stratified the subjects into two clear and distinct groups (Table
1). Interestingly, those groups exactly matched the responder
(AUC decrease)/nonresponder (AUC increase) status. Baseline
AUC is an indication of the subject’s glucose control level at
the onset of the study. This is an interesting observation that
should be explored in follow-up studies designed and powered
appropriately. Using the mean ΔΔAUC value of the three
responders as a reasonable effect size and considering the
variance of the ΔΔAUC value from all subjects, a future study
employing the same study design with 35 subjects is estimated
to have a power above 90%.

CGM Enables Novel Measures of Compliance
CGM devices can be utilized to perform MTTs in the subject’s
living environment instead of the artificial setting of a research
clinic. In this study, subjects were asked to use a custom Android
app to create a visual food diary and log workouts and the start
times of four standardized meal consumption tests. As such, we
know precisely when the MTT was conducted. Subjects were
asked to fast for 6 hours before taking the MTT, and Subject 4
seemed to have adhered to this. Indeed, the glucose level curve
of this subject was rather flat for the 6 hours preceding the test.

Roux de Bézieux et al
Then, right after ingesting the standardized meal, the glucose
level spiked in a characteristic manner before returning to the
baseline level after 2 hours (Figure 3A). On the other hand,
Subject 6’s response was quite different. For the test at the
beginning of the product period, Subject 6’s glucose level curve
did not stay flat for the 6 hours before the glucose challenge
(Figure 3B). Instead, it spiked from 90 mg/dL to 130 mg/dL
and back over the course of 5 hours. Afterwards, glucose levels
stayed flat during the MTT. Several explanations are possible.
The MTT was performed at 7 AM, so the preceding peak might
reflect a dawn effect [31], poor quality of sleep, alcohol
consumption during the previous evening, or nighttime snacking.
The subject’s last recorded annotation before the Boost intake
was at 8.44 PM the previous evening, so there is no indication
of what could have caused this. Nonetheless, the fact that such
an event was detectable before the MTT was performed is
valuable information. Indeed, in such a case, it is easy to probe
the subject for additional details to understand potentially
confounding circumstances and ask the subject to take the MTT
again the following day. This would lower variability by
improving the quality of the MTT data, resulting in a more
precise estimate of the product effect. A single estimate of
fasting glucose at t=0, either via a fingerstick measurement or
a blood draw as traditionally performed in clinical trials, would
have failed to detect this.

Figure 3. Continuous glucose monitoring (CGM) devices provide insight into compliance. (A) CGM data are concordant between when Subject 4
mentioned fasting/consuming the standardized meal for the glucose challenge and what was detected from the CGM device. (B) CGM data can also be
used to detect anomalies. There is no concordance between when Subject 6 recorded fasting/consumption of the standardized meal and what was
observed from the CGM data. (C) Each subject is asked to obtain data at regular intervals and at least every 8 hours (red line), which is the limit for the
sensor memory to store data.
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A CGM device could also serve as an easy and efficient device
for measuring engagement in the study since subjects needed
to scan their devices regularly. In particular, since the devices
used in the study could only store 8 hours of data, consecutive
scans were not supposed to be more than 8 hours apart.
Measuring the time intervals between scans and comparing
them to the 8-hour mark provides a measure of the subject’s
compliance. In Figure 3C, time intervals between all consecutive
scans are displayed. As the study progressed, all but one subject
tended to let more time go between scans. This is consistent
with interviews where subjects reported fatigue as the study
progressed. Moreover, the number of scans with more than 8
hours in between also increased. This expected study fatigue
affected subjects differently. While Subjects 3, 4, and 5 had
small increases in their median times between scans, Subject 2
actually saw a small decrease by the end of the study. Subject
1 went from being the most compliant to the least over the
course of the study, whereas Subject 6 displayed a relative lack
of compliance throughout the study. Access to these data in real
time could guide and target efforts to enhance compliance where
needed.
Subjects could also record pictures and annotations through the
smartphone app. The number of logs every day varied greatly
between subjects, where the average number of logs per day
ranged from 2.9 for Subject 4 to 9.73 for Subject 5, and
throughout the study, as the variance for the number of logs per
day was around 41% of the average. This reflects various
behaviors that are captured by the smartphone app and that
complement the CGM devices. For example, Subject 4 was one
of the most compliant in terms of scanning requirements but
logged the fewest number of meals. Study fatigue was also far
less apparent than that in scanning requirements, as the average
number of annotations per day decreased only slightly with
time, suggesting that engagement with the smartphone was
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easier to maintain. However, compliance was also impacted by
social norms, as reported in interviews. Subjects were less likely
to log pictures in social settings and thus annotated after the
fact, although recent trends, such as posting pictures of meals
on social networks, have lowered the barrier.

Integrating CGM Data With the Smartphone App
With a measurement every 15 minutes for 6 weeks, the CGM
devices produced about 3000 data points per subject throughout
the study. An MTT has nine CGM measurements (a
measurement every 15 minutes for 2 hours), so all four MTTs
represented a total of 36 points per subject throughout the study
(1% of the data collected). Here, we show that the CGM devices
do capture a trove of information that is not available in current
clinical designs without CGM devices.
One feature of interest in continuous monitoring of glucose
levels is glucose peaks. Those peaks are induced by a diverse
set of behaviors, mostly food consumption and, in some subjects,
exercise. Glucose peaks are characterized by their range and
duration. Glucose levels of 140 mg/dL or above 2 hours after
a meal are indicative of a lack of glucose tolerance [32]. Using
our peak detection algorithm, we found that the subjects spent
an average of 5 hours and 47 minutes of their day in glucose
peaks, representing roughly 25% of all the data collected,
whereas MTTs comprised only 1% of the data. We detected
between two and three peaks a day, consistent with a routine of
three meals a day.
An example of the types of peaks detected by the algorithm can
be seen in Figure 4, where the results for March 20, 2018, for
one subject are shown. The algorithm detected three peaks
during this day, clearly differentiating between noisy
fluctuations of glucose levels and glucose peaks induced by a
meal. While most peaks are easy to distinguish visually, the
amount of data means that automated annotation is necessary.
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Figure 4. Continuous glucose monitoring (CGM) devices capture more data than the standard meal-tolerance test. (A) Zooming on a specific day
allows one to display an entire day of glucose estimates (March 20, 2018, for Subject 1). Peaks are detected with the in-house algorithm (Multimedia
Appendix 1) and colored in blue. Annotations logged in the smartphone app by the subject are marked with a dashed red vertical line and a picture logo.
(B-D) Pictures submitted by Subject 1 through the app on March 20, 2018.

Integrating the CGM data with the visual diet log provides rich
and insightful information. In particular, since the smartphone
app was used for both recording glucose levels and taking
pictures, we can precisely match the times of one with the other.
On March 20, 2018, the subject recorded three meal pictures
(Figure 4B-D). The start of the first and second peaks matched
very well with the pictures taken. Interestingly however, the
third picture (Figure 4D) and the third peak did not match. This
picture was recorded over an hour before the start of the next
glucose peak. The high fat content visible in the meal (Figure
4D) is consistent with this delay.
The app was only available for Android-based devices, and for
this exploratory study, subjects were provided with compatible
smartphones. The need to carry a second smartphone was
highlighted as a burden in interviews, especially by users of
alternative smartphone operating systems. Development of a
general app that can be used directly on a subject’s smartphone
would lessen the burden on subjects in a future study. Subjects
also mentioned several improvements to the design that would
facilitate their interactions with the app.

qPCR-Based Secondary Endpoints
At baseline, the beginning/end of each period, and washout,
subjects were asked to provide a stool sample. Analysis of stool
samples was performed in five of the six subjects; one subject
did not provide stool samples. Using fecal qPCR, the
concentrations of the strains in the formulation were estimated.
In the results shown in Multimedia Appendix 11, strain
concentrations were averaged across three replicates. As
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expected, at baseline, during placebo, and during placebo
washout, the strains in the formulation were not detected. This
was true even when the placebo period followed the product
period. Most strains were detected at the end of the product
period in all subjects (Multimedia Appendix 11). For the
subjects with a washout duration of 1 to 3 days (Multimedia
Appendix 4), the strains in the formulation could still be
detected, although generally at lower levels, after the product
washout, suggesting that a washout period of 3 days is too short.
Additionally, for the subjects on the active product during period
1 (Subjects 1, 3, and 5), strains were not detected at the end of
the placebo period, suggesting that a washout duration between
5 days and 2 weeks is sufficient.

Code and Data Availability
All the codes and data necessary to reproduce the figures and
tables in this paper are available at GitHub [33].

Discussion
Principal Findings
This manuscript describes a pilot study exploring the potential
of CGM devices with a smartphone app that collects additional
data as an avenue for measuring clinically relevant endpoints,
assessing compliance in realistic settings, and decreasing the
burden of study participation while collecting valuable data that
can easily be integrated with glucose levels. Using CGM
devices, it is possible to accurately measure important metrics,
such as the outcome of a fasted MTT, the AUC of meal-induced
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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
glucose peaks, and the compliance to a fasting regimen. We
explored this framework in the context of a 6-week,
double-blind, placebo-controlled, 2×2 cross-over pilot study
(n=6) comparing a twice daily synbiotic medical food designed
to improve glucose control. We demonstrated the promise of
CGM devices as a means to assess clinical outcomes of
nonpharmacological interventions in rigorous studies for
research purposes.
Although accurate automatic detection of glucose peaks is
straightforward and can provide valuable data for the clinician
and individual, how to use those peaks as clinical endpoints is
challenging as the glucose peaks represent a response to
real-world behaviors and not to a prequantified study-wide
intervention. Commonly, diet logs are used to control for dietary
variation, but they have reporting bias and increase subject
burden considerably [34]. In this study, we tried to address the
issues of subject burden and reporting bias by employing a
smartphone app that allowed subjects to take pictures of their
meals. This allows the creation of a visual diet log that is in
sync with the glucose levels measured with the CGM devices,
which provides a rich and valuable source of data using a
solution that is simpler to implement and less burdensome to
participants. However, further work is required to bridge the
gap between image data and actionable carbohydrate content
estimates. Variation in the regularity of eating habits or meal
content could potentially lead to higher between-subject
variance. Even for a within-subject contrast, the lack of
regularity in eating and exercise habits increases the variance
of the estimate of any treatment effect. Future studies could also
leverage those types of visual logs to monitor adherence to a
specific diet type (eg, high fiber diet). Complementing the
photos with more precise annotations could also improve
estimates. Smartphone apps that rely on drop-down menus
provide fair estimates of carbohydrate consumption [35,36] and
greatly outperform self-assessment [37].
On the other end of the spectrum, the MTT protocol employed
in traditional clinical studies represents a very controlled setting.
This test yields a much more consistent measure, but it may not
reflect the real-world effectiveness of an intervention as
accurately. As is expected and has been reported in various
studies [38,39], compliance decreases when subjects are
increasingly inconvenienced. MTTs, as required in this study,
necessitated consuming a specific shake, undergoing a 6-hour
fast, and monitoring for 2 to 3 hours following beverage
consumption. As this disrupts an individual’s daily routine, the
number of observations per subject per week needs to be limited.
Focusing on breakfast-induced glucose peaks might represent
a middle ground. As can be seen in Multimedia Appendix 12,
all subjects, except Subject 5, had a high number of peaks at a
consistent time most mornings. This denotes a regular breakfast
routine at the subject level. This was confirmed in interviews,
where subjects reported having either a consistent weekday
breakfast or a rotation among a limited set of menus. Defining
a consistent breakfast for all subjects a few days a week would
provide a robust measure of the level of glucose control in a
realistic setting with reduced variability.
We expect that future studies will leverage the novel capabilities
of CGM devices to provide real-time compliance data. For
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example, a reminder to subjects whenever compliance is
detected to be declining, in the form of a push notification or a
phone call, could ensure that data capture remains sufficient,
with the aim to improve the robustness of the inference. Subjects
unanimously said in the final interviews that reasonable
notifications would increase compliance, and such methods
have been successfully deployed in previous studies [40]. CGM
devices could also increase subjects’ engagement. In this study,
subjects were presented with an interactive dashboard
recapitulating their glucose and food behaviors (Figure 4).
Subjects were excited about this and spent time looking at the
effects of individual foods on their glucose levels. Presenting
an example dashboard to the subjects before baseline, with the
promise of more complete results at the end, could increase
engagement in the study and therefore compliance. While such
usage of CGM devices shows clear promise, care needs to be
taken to ensure sound experimental design, including
maintaining subject and researcher blinding to the arm
assignment. In spite of these issues, proper usage of CGM
devices can provide just-in-time actionable measures of
compliance.
The CGM devices deployed in this study measured
glucose-related metrics, but they can be complemented with
other types of data collection depending on the setting. In this
exploratory study, stool samples were collected. While collection
of this type of data is feasible at home, the samples still need
to be delivered to a clinic for analysis. However, the difficulties
in collecting this type of data are limited by the fact that they
are not needed for all patients or in confirmatory studies. CGM
devices can also be used in coordination with other sensors (eg,
smartwatches and mobility data from the smartphone) that could
be complementary with little added burden on the patient
[41,42]. The general principles of compliance measurements
discussed above in the context of CGM devices are also
applicable to any other metric relying on a connected device.
Privacy concerns should also be addressed properly, as most
subjects raised this issue during the interviews.

Limitations
Previous studies [43] have linked the regularity of CGM device
scanning to improvements in the “time in range” endpoint
(glucose level between 70 mg/dL and 180 mg/dL). While we
did not observe it in this study given the general lack of glucose
intolerance in the study subjects, differences in engagement
between subjects could be linked to differences in outcomes in
larger studies. Controlling for adherence, directly measured
through scanning and recording annotations, could limit this
phenomenon and lead to less noisy estimates of the treatment
effect.
Given the scale of the study, a cross-over design was employed
as a means to guard against a number of potential confounders.
In particular, anecdotal observations while developing the app
suggested that individuals responded to the sensor in a distinct
and consistent manner. Coupled with the fact that the MTTs
were self-administered, a cross-over design seemed logical.
Despite these factors, cross-over designs can be of limited utility
in the presence of carryover or spillover effects. Indeed, strains
were detected at the beginning of the placebo period in some
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subjects crossing over from the active product period, indicating
the potential for carryover effects. No strains were detected at
the end of the placebo period for those same subjects, suggesting
that a longer washout period will be required in a future
cross-over study.

Roux de Bézieux et al

Conclusions
We have shown that CGM devices can provide high-quality
measurements of relevant endpoints and can enable granular
monitoring of subject compliance with low clinical overhead.
While this was a small pilot study, we observed a meaningful
effect of the study product in subjects with diminished initial
glucose control. A broader follow-up study, both in size and
duration, is necessary to validate our very preliminary results.
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Screenshot of the app.
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Multimedia Appendix 4
Number of days spent in each period. Each subject spent at least 2 weeks in each arm of the study. The washout period between
the two arms is at least 3 days.
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Multimedia Appendix 5
Difference between fingerstick values and continuous glucose monitoring (CGM) estimates. Each panel shows the fingerstick
value logged through the mobile app (with a red dot) and the glucose levels as measured with the CGM devices. Values are in
accordance with expected values [14].
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Multimedia Appendix 7
According to the recommendations of Schnell et al [30], we report all hypoglycemic events, defined as excursions below 70
mg/dL for at least two consecutive values.
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Multimedia Appendix 8
According to the recommendations of Schnell et al [30], we report four summary statistics at the subject level, measuring time
out of range (as number of continuous glucose monitoring scans per day), and glucose variability, reported as the average within-day
standard deviation of glucose levels and the standard deviation of the average daily glucose level.
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Multimedia Appendix 9
Interview summary.
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Multimedia Appendix 10
Area under the curve (AUC) during the self-administered meal-tolerance tests. Incremental AUCs are computed using the glucose
levels provided by the continuous glucose monitoring devices. Subjects recorded the time of the ingestion of the Boost drink
using the smartphone app. Incremental AUCs are rounded to the nearest unit.
[XLS File (Microsoft Excel File), 20 KB - formative_v5i3e20175_app10.xls ]
Multimedia Appendix 11
Fecal quantitative polymerase chain reaction measures of formulation strain concentration. Each subject, except for Subject 4,
provided stool samples. As expected, strains in the formulation were detected when the subjects were taking the formulation and
not detected when the subjects were not (ie, at baseline, during placebo, and during placebo washout). Some carryover is observed.
Strains are detectable during a few days following the product period.
[PNG File , 88 KB - formative_v5i3e20175_app11.png ]
Multimedia Appendix 12
Times of the tops of the peaks during the day. Peaks are detected using the algorithm described in Multimedia Appendix 1. For
most subjects, a clear trend in the morning suggests a routine linked to breakfast.
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Multimedia Appendix 13
CONSORT-EHEALTH checklist (V 1.6.1).
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Abstract
Background: The Patient-Centered Team (PACT) focuses on the transitional phase between hospital and primary care for older
patients in Northern Norway with complex and long-term needs. PACT emphasizes a person-centered care approach whereby
the sharing of power and the patient’s response to “What matters to you?” drive care decisions. However, during the COVID-19
pandemic, videoconferencing was the only option for assessing, planning, coordinating, and performing treatment and care.
Objective: The aim of this study is to report the experience of the PACT multidisciplinary health care team in shifting rapidly
from face-to-face care to using videoconferencing for clinical and collaborative services during the initial phase of the COVID-19
pandemic. This study explores how PACT managed to maintain person-centered care under these conditions.
Methods: This case study takes a qualitative approach based on four semistructured focus group interviews carried out in May
and June 2020 with 19 PACT members and leaders.
Results: The case study illustrates that videoconferencing is a good solution for many persons with complex and long-term
needs and generates new opportunities for interaction between patients and health care personnel. Persons with complex and
long-term needs are a heterogeneous group, and for many patients with reduced cognitive capacity or hearing and vision impairment,
the use of videoconferencing was challenging and required support from relatives or health care personnel. The study shows that
using videoconferencing offered an opportunity to use health care personnel more efficiently, reduce travelling time for patients,
and improve the information exchange between health care levels. This suggests that the integration of videoconferencing
contributed to the preservation of the person-centered focus on care during the COVID-19 pandemic. There was an overall
agreement in PACT that face-to-face care needed to be at the core of the person-centered care approach; the main use of
videoconferencing was to support follow-up and coordination.
Conclusions: The COVID-19 pandemic and the rapid adoption of digital care have generated a unique opportunity to continue
developing a health service to both preserve and improve the person-centered care approach for persons with complex and
long-term needs. This creates demand for overall agreements, including guidelines and procedures for how and when to use
videoconferencing to supplement face-to-face treatment and care. Implementing videoconferencing in clinical practice generates
a need for systematic training and familiarization with the equipment and technology as well as for an extensive support organization.
Videoconferencing can then contribute to better preparing health care services for future scenarios.
(JMIR Form Res 2021;5(3):e25220) doi:10.2196/25220
KEYWORDS
person-centered care; rapid digitalization; health care; videoconferencing; persons with complex, long-term needs; COVID-19
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Introduction
The COVID-19 pandemic, which began in mid-March 2020,
has created unprecedented challenges for society and health
care systems worldwide. In Norway, as in many other countries,
the government imposed extensive lockdowns and social
distancing measures in public spaces to reduce the spread of
the SARS-CoV-2 virus. Regarding health care services, most
scheduled physical appointments and nonacute surgeries were
cancelled to protect both health care personnel and patients.
Nevertheless, it was necessary to accept new patients with acute
or subacute conditions and follow up with long-term care
patients. Hence, health care personnel were suddenly forced to
rethink and find alternative solutions for face-to-face treatment
and care of patients. This resulted in the swift implementation
of telemedicine and, in particular, the increased use of
videoconferencing.
Telemedicine is defined as communication over a distance in
which video and audio are transmitted in near–real time. The
provision of health care remotely by means of a video meeting
is not new and has been well described; see for instance [1-7].
Despite this, previous research illustrates a paradox in
telemedicine in terms of the low rate of adoption of the
technologies despite strong policy-level strategies and many
small-scale proof-of-concept examples [2,3,8]. In a study from
2017, Alami et al [3] found that the use of telemedicine in
Norway from 2009 to 2015 did not exceed 0.5% of total
outpatient activity at a regional level. The study identified three
major themes affecting the implementation and use of
telemedicine in Norway: (1) governance and strategy, (2)
organizational and professional dimensions, and (3) economic
and financial dimensions [3]. An example is the Norwegian
Directorate of eHealth making changes to the reimbursement
of videoconferencing in response to its increased and necessary
use during the COVID-19 pandemic [9]. This is in accordance
with previous studies that have shown that introducing video
consultations is a complex change that disrupts long-established
processes and routines [10,11].
Nevertheless, in recent years, telemedicine has attracted
considerable interest as a means of delivering care to patients
with long-term conditions [11,12]. The use of videoconferencing
in the management of chronic diseases such as chronic
obstructive pulmonary disease, diabetes, and depression has
potential for improving health care services [1]. Almost all of
this evidence pertains to selected samples of outpatients with
chronic, stable conditions [10]. Consequently, the rapid spread
of COVID-19 has accelerated the use of telemedicine for
assessing, planning, coordinating, and performing treatment
and care. The crisis seems to have lowered previous barriers to
using telemedicine and to have led to the discovery of new ways
of using digital health solutions in response to the crisis [12].
By using telemedicine, health care services can support not only
secured care for patients with COVID-19 but also electronic
prescriptions and triage of patients with COVID-19 in different
phases. In addition, health care services can use telemedicine
to support routine primary care when there may be a tradeoff,
such as between frail older patients staying at home or coming
to the hospital for an examination [10,12].
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This study reports on the initial experience of a multidisciplinary
health care team located at the University Hospital of North
Norway (UNN) in using videoconferencing to provide treatment
and care to older persons with complex long-term needs during
the early months of the pandemic. In Norway, as well as in other
countries, there is a rising number of older citizens with complex
and long-term health-related needs: “Persons with complex
long-term needs typically face multiple care providers,
organizations, and specialists, and are especially vulnerable to
care fragmentation” [13-16]. This group also dominates the top
5%-10% of spenders, who account for two thirds of high-level
health care costs, both in Norway and internationally [17,18].
An extensive body of research indicates that the critical elements
of high-quality care for persons with complex long-term needs
include strong primary care with an inherent person-centered,
integrated, and proactive care focus [19-26]. Despite this, current
health care systems are designed for acute short-term needs,
and they struggle to address the increasing number of persons
with complex long-term needs. Therefore, there is significant
interest in the potential of technology such as telemedicine for
improving care and reducing costs in these patient populations,
as well as in using technology to diminish the burden that
individuals face as they manage multiple chronic conditions
while adjusting to independent life in the community [10,11,27].
For the multidisciplinary health care team, hereinafter referred
to as the Patient-Centered Team (PACT) [19,24], the COVID-19
pandemic has resulted in a reorientation of work practice and
a need for a rapid digitalization process to maintain the delivery
of person-centered treatment and care to their patients. PACT
works as an intermediary team in the transfer phase between
the hospital and primary health care and takes a person-centered
care approach (see the Research Site section in the Methods for
an extensive description of PACT). At the core of
person-centered care is the sharing of power between patients
and health care professionals, wherein care is driven by the
patient’s answer to the question “What matters to you?” The
intervention is a continuous process of trust-building, sensitive
exploration, and cocreation between professionals and the
patient to design and deliver a person-centered care plan.
Accordingly, PACT was concerned about how the use of
videoconferencing would affect the person-centered care
approach. In the literature, we find that the terms
“person-centered care” and “patient-centered care” are used
equally; see for instance [19,24-26,28-30]. In this paper, we use
“person-centered care” throughout, together with the acronym
“PACT” for “Patient-Centered Care Team” as defined in
previous papers [19,24].
This case study is based on four semistructured focus group
interviews with PACT health care personnel and managers, and
we collected data about the experience gained through the period
of rapid scaleup of the use of digital care.
The aim of the study is to generate knowledge about the role
videoconferencing can play in preserving the person-centered
care approach for persons with complex long-term needs.
Accordingly, the following research questions have been
formulated: How does PACT preserve a person-centered focus
on care for persons with complex long-term needs in care
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services when videoconferencing becomes the main mode of
clinical communication due to the social distancing measures
during the COVID-19 pandemic? What are the challenges and
opportunities for health care personnel in PACT when it is
necessary to make a rapid transfer from face-to-face care to
video meetings?

Methods
This qualitative case study was conducted in May and June of
2020.

Research Site
To meet the so-called “silver tsunami”—that is, the increased
number of persons with complex long-term needs—UNN and
Tromsø Municipality, together with neighboring municipalities,
established PACT in 2014 at three of UNN’s geographical
locations. The teams receive referrals from all health care levels,
and they collaborate with health care services, including general
practitioners (GPs) who focus on coordinating care in the
transition phase between hospitals and municipality care to
prevent rehospitalization [19]. It is the aim of PACT to establish
a single comprehensive plan for patient follow-up, including
hospitals, GPs, and municipal health services. A success factor
of PACT is that the teams consist of a combination of hospital
and municipality health care personnel (physicians, pharmacists,
nurses, secretaries, physiotherapists, and ergonomists) working
across organizational borders. They have access to the electronic
health record systems in both the hospitals and the
municipalities. This provides the team with extensive knowledge
and experience to ensure the quality of the transitions; however,
it also ensures a comprehensive patient pathway for this group
across health care levels and organizational borders. The team
takes a person-centered care approach that is aimed at ensuring
a holistic understanding in which patients and health care
professionals work together toward common goals that are both
meaningful to the patient and aligned with what the professionals
can offer. To achieve this, the team conducts a risk analysis
early in the patient pathway, and the analysis is repeated later
in the pathway if there is new information or if challenges occur.
In the experience of PACT, the person-centered approach helps
to shift the focus away from repairing and treating toward

preventing new adverse events or deterioration and initiating
early intervention when problems arise [19,24,31]. PACT has
achieved excellent results in relation to reducing the risk of
death and the number of emergency admissions and hospital
stays through the increased use of elective health care services
taking the person-centered care approach [19]. The hospital and
municipalities share financial, management, and employment
responsibilities for the team members [32].

Participants and Recruitment
This study includes four web-based focus group interviews with
a total of 19 participants. The overall project, Dignity Care, had
already established collaboration with PACT, and the idea for
the paper was first raised in a collaboration meeting, with PACT
members expressing concern about how to preserve a
person-centered focus when communicating with patients
exclusively through digital means. After the study protocol was
completed and approved by the Norwegian Centre for E-health
Research (NSE), the authors created an information leaflet about
the study that included the interview topics. This was sent to
the leader of PACT, who forwarded it to all the employees on
the team along with an invitation to participate in a focus group
interview. The participation in focus group interviews was
voluntary, and 19 of the 26 employees in the team (73%)
participated. No team member refused to participate; however,
some team members were reallocated to other tasks during the
COVID-19 pandemic, and others had time off on the day of the
interview.
All participants in the study signed an informed consent form
and emailed it to the first or second author. The 19 participants
were health care personnel or managers of PACT in the age
range of 28-62 years, and all but one were female. Many of the
participants had over 20 years of experience in health care
services, both in hospitals and municipal health care; some had
further education in geriatrics psychiatry and interaction, and
one participant held a master’s degree in pharmacy. Some of
the participants had specific expertise in nutrition for older
persons, Parkinson disease, dementia, and management. Further
details about the participants in the focus group interviews are
presented in Table 1.

Table 1. Overview of the focus group interview participants (N=19).
Focus group

Participants, n (%)

Occupations of the participants

Locations

Time of interview

1

7 (37)

•
•
•
•
•

Location 1: Hospital nurses (2), municipality nurse
Location 2: Physician
Location 3: Pharmacist
Location 4: Secretary
Location 5: Secretary

•

Tromsø

90 minutes

2

4 (21)

•
•

Location 1: Hospital nurse, physical therapist, municipality nurse
Location 2: Nurse

•
•

Tromsø
60 minutes
Balsfjord

3

6 (32)

•
•
•

Location 1: Physical therapist, nurses (3)
Location 2: Operations manager
Location 3: Medical department advisor

•
•
•

Harstad
Senja
Narvik

60 minutes

4

2 (10)

•
•

Location 1: Leader
Location 2: Leader

•

Tromsø

60 minutes
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The focus group interviews were conducted by the first and
second authors, who alternated between functioning as
moderator and facilitator of the interviews. The interviews were
audio-recorded, and reflections were written down immediately
after each interview.
We used a semistructured interview guide with three themes
and 5-8 subquestions (see Multimedia Appendix 1). The
subquestions were used as a checklist to ensure that all the
relevant subjects were discussed during the interview. If a
subquestion did not come up in conversation, we asked about
it specifically. The interview guide was developed in
collaboration with all three authors. The themes and
subquestions were based on the research questions and on
discussions with the third author, who has extensive knowledge
from research within the field of patients with complex
long-term needs and person-centered care.
The social distancing measures for in-person meetings also
affected the design of our study. Accordingly, data were
collected through video meetings, as face-to-face fieldwork of
any kind was impossible. Focus group interviews conducted on
the web are very demanding; some of the participants were in
the same meeting room, while others were at other locations,
resulting in up to five units being logged on at the same time.
There were between 2 and 7 participants in the focus group
interviews. Accordingly, the moderator was required to ensure
that every participant had time to share his or her experience.

Analysis
The analysis resembled a systematic text condensation process,
a descriptive thematic analysis strategy inspired by Malterud
[33]. The four focus group interviews were recorded,
transcribed, and then analyzed. First, the authors read the text
to establish an overview of the data and identified the overall
preliminary themes, including face-to-face practice, rearranging
work processes, keeping a person-centered care focus, adapting
to technology, and collaboration with other health care
professionals. Second, the second author systematically
reviewed all the transcribed interviews to identify meaning units
and code them in accordance with the preliminary themes. Third,
the first and second authors sorted the meaning units according
to the preliminary themes. Some meaning units could be sorted
into two themes, and these were tagged with a comment to
highlight their multiple membership. Fourth, the first and second
authors carried out an iterative reading of the systematized
meaning units, reducing the content under each theme but
maintaining quotations. The first and second authors discussed
the condensates and made further adjustments to the text. Based
on the previous steps, the preliminary themes were renamed as
themes. Citations related to the meaning units were used to
ensure that the presented results of the analysis reflected the
original context [33]. In addition, in the final phase of writing
the article, the first two authors presented the findings of the
study to PACT, at which point PACT was able to provide
feedback on the results. Prior to submission, all PACT members
were offered the opportunity to read the article. We did not
receive any objections to what we had presented and written.
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Ethics
For several years, PACT and NSE have been engaged in a
research collaboration as a work package in the project Patients
and Professionals in Partnership (3P). This study is part of the
3P research project and was approved by the privacy
ombudsman at UNN in 2020 (2020/6797). The project was
reviewed by the regional ethical committee (REK)
(2017/1084/REK nord), which found that the project was exempt
from ethical approval.
When the pandemic occurred and digital solutions were being
rapidly implemented, PACT requested an evaluation study to
assess the consequences for the person-centered care approach
when videoconferencing was used for follow-up of their patients.
The first and second authors had not previously been involved
in the research collaboration and were commissioned to conduct
the interviews and data analysis to provide an “outsider” view
in the evaluation.
All the participants were provided with a consent form for
participation, which they approved in writing and sent to us
electronically. Participation in the interviews was voluntary.

Results
Based on the response in the four focus group interviews, we
evaluated how PACT health care personnel and managers
experienced the use of videoconferencing to provide
person-centered care for persons with complex long-term needs
during the initial phase of the COVID-19 pandemic. In
accordance with the analysis, the results are presented as
condensed text with quotations and are organized according to
the following five overall themes: the workflow in PACT before
and after the pandemic; technical training and support as
prerequisites for effective digital care; new means of
collaboration and coordination; divided opinions on using
videoconferencing for person-centered patient care; and how
saving time on patient travel contributes to person-centered
care.

The Workflow in PACT Before and After the
Pandemic
In the traditional way of organizing the work, PACT—as
represented by 2-4 health care professionals—would make an
initial assessment of the patient’s situation by visiting the patient
either while the patient was still in hospital or at the patient’s
home. Health care personnel from PACT made 3-4 patient visits
per day, in addition to attending collaboration meetings at
hospitals or in municipalities. All collaborators, including GPs,
homecare services, and health care personnel from the hospital,
were required to attend collaborative meetings with the patient
and PACT with the aim of coordinating patient services. As a
result of the pandemic, however, PACT was required to limit
face-to-face meetings with patients and collaborators as much
as possible:
COVID-19 was like a sudden wake-up call; we just
had to adjust quickly and improvise along the way.
We had no choice but to be creative and rethink our
work practice. [Participant 7]
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Normally, the health care personnel in PACT were organized
into different teams, although they frequently collaborated with
each other and shared their knowledge and experience of
treatment and care. Due to the COVID-19 situation, it was
necessary to physically separate the PACT team into different
cohorts at the hospital, and the physician and pharmacist were
required to work from home so that if one team was quarantined,
the other team could keep working. There was an overall
agreement among the PACT members that this separation
hampered collaboration between the teams in terms of the
informal sharing of knowledge: “I missed the small talk and
information exchange when passing each other in the hallway”
(Participant 1).
The team members agreed that the most significant changes to
PACT’s workflow when using only videoconferencing for
patient communication and care can be summarized as follows:
(1) there was less need for ambulation, which saved an extensive
amount of time for PACT; (2) the number of health care
professionals visiting the patients either at home or in the
hospital ward was reduced from 2-4 to 1, with the other
necessary team members participating in the meeting by
videoconferencing, which saved a lot of resources; (3) there
was a reduced need for PACT to visit patients at home, as they
collaborated through videoconferencing with assistance from
homecare services; and (4) using videoconferencing for
collaboration meetings reduced the time spent on travelling to
meetings. In addition, collaborators such as GPs were able to
attend these meetings more regularly. Finally, PACT found
itself performing a support role for hospital ward and homecare
services that lacked experience in videoconferencing. These
issues are elaborated upon further in the next sections.

Technical Training and Support Are Prerequisites for
Effective Digital Care
Transforming the provision of care from in-person meetings to
virtual care demanded extensive training and testing of the
equipment, as multiple solutions and setups were being used
simultaneously. The goal for PACT was for all members to be
able to access and use the different videoconferencing solutions,
including Skype, Join, Teams, and Easymeeting, with respect
to setting up and running meetings, creating links, choosing the
right browsers for the different solutions, and connecting sound
and picture. All PACT members had the opportunity to practice
and test the different digital solutions during the first month of
the COVID-19 pandemic because there were fewer referrals
from the municipalities and the hospital. However, although
some of the PACT members were comfortable using digital
solutions from previous videoconferencing projects, others were
not. All team members agreed that the videoconferencing
technology itself was the largest barrier to adoption. PACT
decided that it was necessary to be comfortable with the
technical equipment to integrate videoconferencing into clinical
work:
We arranged morning meetings with 8 to 9 different
units. At first it took ages before everybody was
connected. We were disconnected from the meetings,
the sound did not work, the picture froze, you name

https://formative.jmir.org/2021/3/e25220

XSL• FO
RenderX

Silsand et al
it… We were given an informal support role, and we
used an hour to get everybody online. [Participant 5]
All PACT members gained much useful experience from testing
and trying out the equipment: “We have learnt that it is smart
to test the equipment before a meeting starts to make sure the
sound and picture are OK and that the solutions communicate
with each other” (Participant 15).
In addition, PACT set out rules for good behavior in
videoconferencing, for example, with respect to noise reduction,
muting, and taking turns to speak.
The majority of the PACT members had a steep learning curve
regarding the use of videoconferencing for clinical purposes,
as the technology was challenging. However, the overall
perception of the new way of interacting with patients and
collaborators was positive: “We all had to think differently
about patient care” (Participant 7). This generated innovative
initiatives to continue providing person-centered care. When
the use of videoconferencing rapidly increased, it led to an
extensive need for support for team collaborators as well. PACT
reported that health care personnel from other wards and
organizations were not as privileged and had less time to
familiarize themselves with and test videoconferencing
equipment: “In a busy hospital ward, it is unlikely that health
care personnel will be allocated time to test technical solutions
the way we did” (Participant 9). Moreover, in the hospital, most
of the wards had videoconferencing equipment in meeting rooms
or offices that could not be used at a patient’s bedside. The
PACT members found that when setting up videoconferencing
with patients at home, the patients often needed a relative or a
health care professional to assist them and provide technical
support: “It is important that videoconferencing become
available for all patients and not only the ones that are lucky
enough to have relatives to assist them” (Participant 14).
Multidisciplinary interaction is key to patient-centered care,
and all PACT members stated that they often had to take on a
support role to help their collaborators: “In this transitional
period, we have been flexible and facilitated the increased use
of
videoconferencing”
(Participant
8).
Because
videoconferencing was a new way of working for most health
care personnel, it was important to make the experience positive
for both patients and health care workers: “If the first meeting
went well, it was more likely that the patients and collaborators
would try videoconferencing for further meetings as well”
(Participant 8). PACT had no authority to request that others
use videoconferencing; however, they were able to persuade
many collaborators and patients to try it, while assisting them
along the way. Nevertheless, none of the PACT members
considered this support role to be their responsibility in the
future use of videoconferencing: “Our focus needs to be on the
core competency of patient care. We must be careful not to end
up as a videoconferencing helpdesk” (Participant 15).

New Means of Collaboration and Coordination
Collaborating Directly With Patients
There was a general understanding in PACT that introducing
videoconferencing for interaction with patients would require
close collaboration with homecare services, GPs, and hospital
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wards. The participants explained that homecare services already
had equipment for digital care before the pandemic, namely
tablets for documenting treatment and care. During the
pandemic, homecare services started using the tablets for
videoconferencing meetings in collaboration with PACT. In
addition, the physiotherapist from PACT, who was located at
the hospital, found that it was possible to assess a patient's
mobility and gait function using videoconferencing with
assistance from homecare services. Moreover, PACT’s physician
and pharmacist, located in their respective home offices, said
that they could collaborate with homecare services through
videoconferencing to conduct a review of a patient’s medication
by “looking into” the medicine cabinets in the patient’s home.
Some of the PACT members said that homecare services were
also involved in facilitating videoconferencing for the
assessment of housing conditions while a patient was still
hospitalized, with the aim of preparing the home before the
patient’s discharge: “You had the home presented from the
patient’s perspective, and they had a more active role in
preparing their homecoming while they were still in hospital”
(Participant 9).
The participants also said that videoconferencing was used when
homecare services needed clinical support from PACT when
patients’ conditions acutely worsened. All the PACT units
observed that this occurred more frequently than normal during
the COVID-19 pandemic. The PACT members assumed that
this was related to the patients not being able to attend day care
centers and having less contact with GPs and homecare services,
whereby changes in patient condition would normally be
recognized. During the pandemic, there were times when a
patient’s condition would worsen and the homecare services
would arrange videoconferencing from the patient’s home with
the PACT physician, who would assess the patient. In one case,
a patient was admitted to hospital directly, bypassing the normal
procedure of first physically visiting a GP. The PACT physician
said: “Apart from a clinical examination, I get just as much
information about the patient in a videoconferencing meeting
as in a face-to-face meeting.”
Videoconferencing was used for several meetings for which a
patient normally would have travelled to a hospital. One of the
PACT members reported on a stoma follow-up that was
conducted at a medical center in a municipality setting through
videoconferencing with a stoma nurse at the hospital. PACT
members said that some patients also worried about travelling
from a municipality with no COVID-19 cases to hospitals in
cities with many cases. Over half of the PACT members were
satisfied with the patient follow-up on videoconferencing: “We
made things happen that we never thought would be possible
before we started. It was exciting, it worked very well and
people were surprisingly positive” (Participant 10). They also
discussed the importance of coming up with good ideas and
smart solutions for following up with a patient without
physically being in the same place.
Approximately half of the professionals highlighted, from a
person-centered care perspective, that using videoconferencing
placed the patient in a central position in collaborative meetings
involving several actors:
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When the patient is at home holding an iPad, the
patient is really the one being focused on rather than
being just one of many in a face-to-face meeting. In
videoconferencing, the patient can easily address
everybody directly and thus has a more active and
central role. I really liked the idea of having the
patient as the center of attention. [Participant 5]
Compared with the telephone, most of the PACT members felt
they achieved a more personal follow-up using
videoconferencing.

Coordination Among Health Care Personnel
In the beginning, PACT needed to convince collaborating health
care personnel, including both hospital and homecare service
personnel and GPs, to start using videoconferencing instead of
the telephone: “The health care personnel were just as skeptical,
if not even more so, than the patients about using
videoconferencing for communication and collaboration”
(Participant 3). However, PACT observed that after the
collaborating health care personnel used videoconferencing for
a while, they felt more comfortable, and it was easier to
continue:
We had to work a lot with the wards to get them
started. First, they said that their patients were not
capable of attending videoconferencing meetings
because of their condition and that it was necessary
to meet the patients in person, to physically examine
them. Nevertheless, they started to rethink when we
argued
that
even
physiotherapists
made
videoconferencing consultations with patients work.
[Participant 16]
During the first month of the pandemic, synchronous video
communication became a valuable tool for interaction between
health care personnel in different organizations and geographical
locations. The PACT members all agreed that videoconferencing
made it easier for collaborators such as GPs, homecare services,
and service administrators (forvaltingskontor/tildelingskontor
in Norwegian) to attend on a regular basis because they saved
time on transportation and parking: “We have been even more
multi-disciplinary than before the pandemic at coordination
meetings” (Participant 14). There was general agreement in
PACT that GPs in particular attended videoconferencing
coordination meetings more regularly than they did when
physical meetings were the only option. In addition, some PACT
members said that it was easier to arrange meetings at short
notice when participants could attend from their offices. There
was general agreement in PACT that collaborative meetings on
video were shorter than in-person meetings. Some of the PACT
members elaborated, saying that collaborating health care
personnel seemed to be better prepared for videoconferencing
meetings and more focused on the problem to be addressed,
and there was less small talk: “I think video meetings lasted
only half as long as in-person ones; they were both time- and
cost-saving” (Participant 19). Despite this, all PACT members
found that videoconferencing was more demanding and intense
than physical meetings, and some of them recommended limiting
the meetings to 1 hour.
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All PACT members agreed that introducing videoconferencing
for collaboration across organizations improved the
interorganizational relationship between all the actors involved
in treating a patient. PACT had extensive collaboration with
homecare services, as mentioned previously, as homecare
services were the only professionals still making regular
face-to-face patient visits. However, several PACT members
reported that the personnel in hospital wards often seemed to
find the technology challenging and preferred for PACT to
configure the tablet used for videoconferencing at the patient’s
bedside. They further stated that health care personnel often
assisted and supported patients in the wards in digital meetings.
This was highly successful, as the ward professionals could add
supplemental information to the patient's story and any
ambiguities could be clarified. All PACT members emphasized
that the hospital wards should have their own tablets for reasons
of infection control, and that in the long run, the staff should
have proper training so that they could manage
videoconferencing equipment themselves. Although all PACT
members were satisfied with being able to reach out to their
patients using videoconferencing, there were pros and cons
regarding its extensive use.

Different Opinions on Using Videoconferencing for
Person-Centered Patient Care
The PACT members had different opinions on how well the
person-centered focus was preserved when videoconferencing
replaced face-to-face follow-up. Some found it difficult to work
digitally when assessing patients. For example, if a patient was
confined to bed in the hospital, it was difficult to obtain an
overall impression of the patient's physical status through a
screen:
I think physical meetings present a much broader
view of the patient’s status. My impression is that
many patients “straighten up” for a few minutes
during a digital visit. When you are in the same room,
it is easier to assess the patient and evaluate his
condition. [Participant 2]
On the other hand, another team member said, “We had an
extensive number of videoconferencing meetings over the last
few months, and I think they worked extremely well, both for
collaboration and for patient meetings” (Participant 9). PACT
ran several multidisciplinary meetings to follow up with patients:
“It was exciting and worked very well, and people were
surprisingly positive” (Participant 11).
Persons with complex long-term needs are a heterogeneous
group, and there was general agreement in PACT that
videoconferencing was not a good solution for all of them. The
health care personnel in PACT had a range of opinions on the
potential of using videoconferencing to preserve person-centered
care for this patient group. Some of the PACT members found
it demanding to communicate by video with patients who had
vision or hearing impairment. They reported that patients with
hearing impairment had problems with verbal communication
using a tablet. Other PACT members recognized that digital
meetings could be challenging for patients with reduced
cognitive capacities. One patient, for example, had difficulty
understanding that the health care personnel participating by
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videoconferencing were actually “live” in the same room and
not just a picture on the wall: “Oh yes, I remember her, when
are we going to see her?” (Participant 1). All PACT members
emphasized that patients with cognitive impairments often
needed health care personnel or relatives to support them in
videoconferencing. Hence, PACT reported that if health care
personnel did not find that patients were competent to participate
in video meetings, the patients were sometimes excluded from
the meetings. However, other PACT members reported the
opposite, namely that videoconferencing made it possible to
include even the frailest patients from home or from the hospital:
We, the health care personnel, often have the most
prejudice about which patients to include in
videoconferencing. However, we had meetings with
several patients with cognitive impairments and other
disabilities that worked surprisingly well. [Participant
7]
Another complicating issue brought up by some of the PACT
members was the difficulty of preserving privacy in
videoconferencing meetings with bedridden patients admitted
to multibed patient rooms in wards: “It is a challenge that
hospitals lack rooms with videoconferencing that are adapted
for patients confined to bed” (Participant 15). However, there
was common agreement among the PACT members that
videoconferencing was a good way of keeping in contact with
patients and maintaining collaboration amongst health care
personnel in the demanding situation of the COVID-19
pandemic: “It is much more complex to work digitally; still, it
is better than not reaching patients at all” (Participant 3).

Saving Time on Patient Travel Contributes to
Person-Centered Care
All PACT members emphasized that providing person-centered
care for persons with complex long-term needs is also about
limiting the health care disruption to patients’ daily lives as
much as possible. PACT highlighted the importance of seeing
the patient as an individual person and not just as an
accumulation of different diseases: “For us health care workers,
the disease often defines the patient. For the patient, the disease
is just a part of their life, not all of it” (Participant 15). All PACT
members conducted their work from a person-centered care
focus, in terms of starting the collaboration by asking the patient
“What matters to you?” and translating the answers into
health-related goals.
Some PACT members mentioned that efficiency and cost
savings have been important focus areas in recent years;
however, saving patients’ time should be just as valuable. They
added that several persons with complex long-term needs
struggle with mobility challenges with their diseases;
accordingly, travelling takes much time and energy. PACT
reported that many appointments and meeting cancellations
might have been avoided through the use of virtual
communication: “If the patient is allowed to exchange the long,
exhausting trip to the hospital with a 15-minute
videoconferencing check-up, this is an important
person-centered gain” (Participant 15). PACT elaborated that
for some patients, it takes days to recover from travelling all
day: “We had so many positive results from using
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videoconferencing that we believe many patients can reduce
the number of trips they make to the hospital for follow-up”
(Participant 9).

Discussion
Principal Findings
In the Results section, we present the empirical findings from
the focus group interviews on how PACT experienced the
change in their work practice from using videoconferencing for
interaction with persons with complex long-term needs and with
their relatives and health care collaborators when providing
person-centered care. In summary, some PACT members found
it very challenging to use videoconferencing for patient
communication and wanted to return to the traditional way of
working. Others thought that videoconferencing worked very
well for all patient groups and found it inspiring to use
videoconferencing as a means of continuing a person-centered
approach for treatment and care under challenging distancing
measures. The largest challenge with using video meetings was
the technology itself and the unpredictability of making the
technology work. PACT emphasized the need for extensive
training and support, as well as for just one video solution for
collaboration between different organizations. The greatest
advantages of videoconferencing were the new opportunities
for collaboration between patients and PACT, the related
significant time saving on travelling for both parties and the
better use made of the limited resources of health care personnel.
The improved collaboration with other health care services was
also highlighted. On the basis of the empirical findings
presented, we will discuss the role of videoconferencing in
preserving a person-centered care approach related first, to
improving personalized pathways; second, to reorganizing work
practice; and third, to addressing new support roles. As a frame
for the discussion, we used the previous research presented in
the Introduction and the experience of the three authors (health
care personnel and researchers).

Video Meetings Improve the Personalized Patient
Pathway
Health care organizations are increasingly shifting from a
disease-centered to a person-centered care focus. A
person-centered care approach is believed to enhance both the
technical and patient-experienced quality of care and to better
achieve the quadruple aim of improved care experience, health
and function, cost-benefit ratios, and improved work life for
those who deliver care [34]. There is no agreed-upon definition
or method of measurement for person-centered care [28]. It is
an approach which includes quality dimensions best assessed
by the patient. However, this approach addresses how a
fragmented care system can create a seamless, personalized
pathway that addresses a person’s needs, values, and preferences
as they develop over time [24]. The results show that PACT
found that videoconferencing worked well as a means of
improving collaboration and communication in person-centered
care: “For most patients, the person-centered care follow-up
has been at least as good as normal when using
videoconferencing” (Participant 7).
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Efficiency and cost savings have been important focus areas in
recent years [11,27]; however, saving the patient’s time should
be just as valuable. Previous research demonstrates that
telemedicine can be used to replace referrals to an outpatient
clinic, thus reducing travel and unnecessary hospital visits,
especially for those living in remote areas [10,11]. Using video
meetings eliminates the risk of costly cancellations, such as
those due to bad weather such as snowstorms leading to closed
roads and cancelled flights; this is a constant risk in northern
Norway, where the winter is approximately 6 months long. The
patient can avoid unnecessary travel time [2], which is beneficial
for this fragile patient group. Technological solutions such as
videoconferencing can support persons with complex long-term
needs by allowing improved access to different parts of the
fragmented care system, which can be adjusted to the person’s
needs and preferences as these develop over time [11,19,24,27].
A number of hospital consultations and follow-ups can be
changed to video meetings. Hence, several PACT members
stated that videoconferencing can help facilitate living with
complex disorders and reduce the disruption of the patient’s
everyday life due to the disease as much as possible, which we
believe is an important principle in further developing the
concept of person-centered health care and which is in line with
Bower et al [27,35].
As elaborated upon in the results section, persons with complex
long-term needs are a heterogeneous group, and the use of
videoconferencing was challenging for patients with vision and
hearing impairments as well as for those with cognitive
impairments. Greenhalgh et al [10] state that not all clinical
situations are appropriate for video consultations. This is in line
with the feedback from PACT and raises the need for guidelines
on how to tailor the use of videoconferencing to different patient
capabilities and disabilities [10].

Video Meetings Require Reorganization of Work
Practices
Digital care can improve the use of fragmented care system
resources [11,19,27]. PACT includes a combination of
disciplines, such as physicians, nurses, and physiotherapists.
When PACT visits patients at home, normally, they require 3-4
people to be present. During the pandemic, they reduced the
number of team members visiting patients at first to 0 and then
to 1 or 2. Using videoconferencing as a supplement reduced the
need for outreach resources, as they could contact additional
team members virtually when needed. They found this approach
to be a more efficient and resource-saving way of organizing
their multidisciplinary work. In addition, it was easier for other
collaborating health care personnel in the municipality, hospital,
and GP offices to participate in collaboration meetings by using
videoconferencing from their offices, as this saved them from
spending time traveling to other locations. Furthermore, as
PACT members have stated, videoconferencing meetings were
more “to the point” in terms of focusing on patient needs, all
participants came prepared, and meetings were completed within
the allocated time: “We did much more than expected and saved
a great deal of time, even though we were not physically in the
same place” (Participant 8).
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Patient pathways for persons with complex long-term needs
include all levels of health care services. Therefore, using
videoconferencing to improve the fragmented care system
requires that all actors be engaged, for which reason using the
potential of videoconferencing requires an overall rearrangement
of health care services so that videoconferencing is included as
part of daily services [11,27]. This is in line with previous
studies (eg, Alami et al [3]), which found that using digital care
calls for organizational changes in processes, practices, cultures,
communication, and the division of work. As stated in the
introduction, previous research has identified three major themes
that affect the implementation and use of telemedicine. The
results from this study also support the importance of these
themes when scaling its implementation in an organization.
Using the three themes to understand the empirical results of
this study is helpful for focusing on the premises for using
videoconferencing, which are to not only preserve but also
improve the person-centered approach for persons with complex
long-term needs. The three themes are discussed below.

Theme 1: Governance and Strategy
The fragmented portfolio of videoconferencing solutions made
it challenging for health care personnel to connect to meetings.
All the PACT members stated they would like health care
organizations to standardize the process to use only one
video-meeting solution, as compared to the many solutions
currently used. The PACT members said that the complex
technology created a feeling of incompetence and of being
unprofessional as health care personnel, which created a barrier
to using videoconferencing.

Theme 2: Organizational and Professional Dimensions
Conducting videoconferencing meetings led to additional work
for PACT. For example, PACT members were required to set
up tablet computers for hospital wards and take on an
information technology support role for other health care units.
Moreover, in this empirical case, PACT were the ones
coordinating the collaboration around the patients; hence, they
continued this coordination in virtual meetings. Nevertheless,
it is important to discuss and clarify who has legal responsibility
when assessments, treatment, and care decided upon in virtual
meetings must be conducted on behalf of an actor from a
different organization (eg, when homecare services monitor
blood pressure or an electrocardiogram on behalf of specialist
health care).

Theme 3: Economic and Financial Dimensions
Videoconferencing shows the need for clarification of the
regulations for reimbursement. In Norway, during the early
phase of the COVID-19 pandemic, the reimbursement for
videoconferencing was changed so that it was equal to that for
face-to-face meetings in view of the increasing use of digital
care. This covered the use of videoconferencing for outpatient
consultations and appointments with GPs. Nevertheless, as
described above, when actors from one organization conducted
assessments and procedures on behalf of an actor from another
organization, this could raise the question of reimbursement for
the executing party. In addition, the question arose of who was
responsible for financing the technical support when actors from
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different organizations collaborated on caring for the same
patient. These issues were barely mentioned by PACT; however,
in line with previous research, they are still important to
highlight [3]. In addition, the potential of telemedicine in general
to improve care and reduce costs is limited by a lack of rigorous
evidence of actual impact [27].

Scaling Up Digital Care Creates a Need for New
Support Roles
The results of this study show that new roles that support the
technical use of telemedicine for health care personnel must be
established as part of using videoconferencing to improve a
person-centered care approach. This technical support must
work in close collaboration with personnel at all organizational
levels of health care:
It is important to organize high-quality support. If
you have five doctors in the meeting and it takes 15
minutes to connect everyone, you have wasted more
than an hour in total. You don’t have to spend many
of these 15-minute periods before you have spent the
equivalent of paying a technician to handle the
practical and technical issues related to
videoconferencing. [Participant 6]
The support must be readily available in terms of a short
response time: “When you have video meetings, there is a risk
that you will focus more on the technology and how to make
everything work than on patient issues and the other actors in
the meeting” (Participant 16). PACT was concerned that it
would be locked into a future support role and would be in
danger of compromising its focus on patients. PACT cannot
maintain this support role; however, the support organization
must have the clinical competence to understand clinician needs.
As described in the results, patients often needed assistance
from homecare services or relatives to connect to
videoconferencing. Not all patients are familiar with
synchronous video communication, and not everyone has
relatives to support them. One suggested solution was to extend
the collaboration with homecare services to facilitate and support
such meetings. However, this would create new work tasks for
health care personnel in a care organization, which raises the
aforementioned question of reimbursement and training of
homecare personnel. Accordingly, scaling up the use of digital
care has wide-ranging implications of a clinical, organizational,
and economic character [11].
In sum, the COVID-19 crisis has shown that the health care
service needs an alternative approach to face-to-face treatment
and care. Based on the clinical perspectives in this study, the
use of videoconferencing requires a long process of learning
and adaptation, both individually and collectively, to ensure its
successful integration into an organization [11]. The use of
telemedicine must be recognized as an organizational
development issue [3], in which the scaling up of
videoconferencing creates challenges at different stages of its
deployment [8].
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Future Research

Conclusions

For the continued integration and sustainable use of
videoconferencing to improve person-centered care, further
research must be conducted that takes into consideration the
complexities of individual patients, the need for tailored
technical support, organizational factors, and economic issues.
The first step is to interview PACT about its use of
videoconferencing for more than the half-year following its
rapid implementation and to investigate the use of
videoconferencing as the COVID-19 pandemic subsides in this
part of the world. It is also important to interview patients and
PACT collaborators, such as homecare services and GPs, to
evaluate their experience.

Scaling up the use of digital care has been a goal in Norwegian
health care for years. The COVID-19 pandemic and the rapid
adoption of digital care have created a unique opportunity to
continue developing a health service for not only preserving
but also improving the person-centered care approach for
persons with complex long-term needs.

Limitations
In this study, we interviewed a specific group of health care
personnel, namely PACT. PACT’s experience of using digital
care relied extensively on the adoption of videoconferencing
by both its collaborators and patients. Although different health
care professions are represented in PACT, a more generic view
of the experience of preserving a person-centered care approach
during the rapid digitalization and use of videoconferencing
would have been gained from its collaborating partners in other
organizations, such as homecare services, and from GPs and
specialists in hospitals. In addition, we did not interview any
patients; therefore, all the patient-related responses are
secondhand knowledge as reported by PACT. To describe the
person-centered care focus, we would need to interview patients
directly as well.

Using digital care has provided an opportunity for more
time-saving and efficient follow-up and coordination of this
patient group in terms of reduced traveling time for patients and
the more efficient use of health care personnel in PACT, as well
as for improving the information exchange between health care
levels.
In this study, we found that digital care cannot replace
face-to-face interaction between patients and health care
personnel. All the PACT members underscored the importance
of face-to-face patient interaction as the foundation of care and
that videoconferencing was a supplement to enhance follow-up
and coordination. However, scaling up the use of digital care
requires overall agreement and collaboration among the different
health care levels and actors in terms of training, guidelines for
when to use digital care, procedures for its use, technical
support, etc, to ensure the success of digital health care services.
Videoconferencing can then contribute to better preparing the
health care services for future scenarios, such as new waves of
COVID-19 or similar outbreaks, where there may be a need for
social distancing in public and health care services.
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Abstract
Background: Contact notification is a method used to control the spread of infectious disease. In this process, a patient who
tests positive for an infectious disease and public health officials work to identify the patient’s close contacts, notify them of their
risk of possible exposure to the disease, and provide resources to facilitate the decreased spreading of disease. Contact notification
can be done physically in person, via phone call, or digitally through the use of media such as SMS text messages and email.
When alerts are made through the latter, it is called digital contact notification.
Objective: For this study, we aim to perform a preliminary evaluation of the use of the TellYourContacts website, a digital
contact notification tool for COVID-19 that can be used confidentially and anonymously. We will gather information about the
number of website users and message senders, the types of messages sent, and the geographic distribution of senders.
Methods: Patients who chose to get tested for COVID-19 and subsequently tested positive for the disease were alerted of their
positive results through Curative Inc (a COVID-19 testing laboratory) and Healthvana (a results disclosure app). Included in the
notification was a link to the TellYourContacts website and a message encouraging the person who tested positive for COVID-19
to use the website to alert their close contacts of exposure risk. Over the course of three months, from May 18, 2020, to August
17, 2020, we used Google Analytics and Microsoft Excel to record data on the number of website users and message senders,
types of messages sent, and geographic distribution of the senders.
Results: Over the course of three months, 9130 users accessed the website and 1474 unique senders sent a total of 1957 messages,
which included 1820 (93%) SMS text messages and 137 (7%) emails. Users sent messages from 40 US states, with the majority
of US senders residing in California (49%).
Conclusions: We set out to determine if individuals who test positive for COVID-19 will use the TellYourContacts website to
notify their close contacts of COVID-19 exposure risk. Our findings reveal that, during the observation period, each unique sender
sent an average of 1.33 messages. The TellYourContacts website offers an additional method that individuals can and will use
to notify their close contacts about a recent COVID-19 diagnosis.
(JMIR Form Res 2021;5(3):e23843) doi:10.2196/23843
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patient-led digital contact notification; COVID-19; digital contact tracing; contact notification website
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Introduction
The process of contact tracing for COVID-19 varies, depending
on the facility. However, the core concept includes first
identifying those with an infection. This is done either when an
individual tests positive for an infectious disease or if there is
belief that there is a high probability that an individual has an
infection. Then begins the process of determining if there are
any close contacts of the person with COVID-19 that are at risk
for contracting the disease. With the assistance of the health
care team, patients can be educated on how to identify their
close contacts and notify their contacts themselves. Conversely,
working with the patient, public health officials and members
of the health care team can work together to determine who is
a close contact and notify them. The notification of close
contacts of their exposure risk can be done in person or via
phone call, SMS text message, email, or any additional form of
communication. Lastly, the goal of contact tracing and contact
notification is to control and decrease disease spread. As a result,
when alerting close contacts, resources such as testing,
treatments, and educational counselling (including next steps
and how to approach the suggested guidelines) can be supplied
to facilitate the goal of avoiding the spread of disease [1,2].
Digital contact notification is a form of contact notification
where technological media such as emails, SMS text messages,
and smartphone apps are used to notify the close contacts of
people who tested positive for an infectious disease, such as
COVID-19, of their exposure risk [3]. It can allow for greater
flexibility within the realm of contact tracing, as opposed to the
use of solely in-person or telephone-based contact notification.
The use of emails and text messages to notify contacts has been
used most frequently in partner notification for HIV and other
sexually transmitted diseases (STDs), such as gonorrhea,
syphilis, and chlamydia [4-11]. Previous studies on both
patient-initiated (where the individual positive for the disease
alerts their contacts) and health care provider–initiated digital
contact or partner notification have concluded that the use of
emails and/or text messages to notify contacts increases the
total number of contacts alerted when used in addition to
traditional in-person, telephone-based, or written partner
notification [5-9]. This method allows for the ability to reach
populations that are inaccessible or hard to reach with traditional
partner notification [5-7].
However, not all studies have demonstrated a high level of
utilization of digital means of notification. In evaluations of
inSPOT, a patient-initiated STD partner notification website
where those who test positive for an STD can send electronic
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postcards to their partners, investigators of the project found
that <10% of the observed participants sent messages to their
partners through the website [12-14]. This could be due, in part,
to patients’ preference of notifying their contacts in person [12].
However, more recently, TellYourPartner, an updated version
of inSPOT, recorded a high proportion of visitors to messages
sent.
We performed a preliminary evaluation of TellYourContacts
[15], a patient-initiated COVID-19 contact notification website
where users who have tested positive for COVID-19 have the
option of sending either text messages or emails to notify their
close contacts, to observe the use of the website over a period
of three months. As defined by the Centers for Disease Control
and Prevention (CDC), a close contact is one who was within
6 feet of the infected person for a cumulative total of at least 15
minutes over a 24-hour period, starting two days before the
positive case started experiencing symptoms or two days prior
to specimen collection [16,17]. We determined the frequency
of website use and the frequency, types, and geographic
distribution of messages sent.

Methods
TellYourContacts Website
Building Healthy Online Communities (BHOC) and Team
Klausner Saving Lives (TKSL) collaborated to create and build
the TellYourContacts website, which officially launched on
May 13, 2020. TellYourContacts is a rapid adaptation of
TellYourPartner, a website on which those positive for an STD
can anonymously notify their sex partners [18]. Given the rapid
spread of COVID-19 and the serious nature of some symptoms,
a number of BHOC partners requested the adaptation of
TellYourPartner for COVID-19. Combined with a review of
CDC information as well as input from on-the-ground providers,
we developed the TellYourContacts website, following quickly
evolving best practices on contact notification as they were
known at the time.
Many individuals are first informed about the TellYourContacts
website when they are notified of their positive COVID-19 test
result by Curative Inc or Healthvana. Within that notification
detailing the positive result, a link to the TellYourContacts
website is also provided, encouraging patients to notify their
close contacts of their risk of contracting COVID-19. Curative
Inc is a COVID-19 testing laboratory that supports COVID-19
testing in states throughout the United States and sends patients
an email about their COVID-19 test results. If positive, the email
contains a link to the TellYourContacts website (Figure 1).
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Figure 1. Curative Inc email sent to those with a positive COVID-19 test result, with a "notify" link to the TellYourContacts website (Florida).

Healthvana, a results disclosure app, delivers COVID-19 test
results to patients located in California. Within the positive
result message, Healthvana sends patients with COVID-19 the
TellYourContacts website link [19] (Figure 2).
In addition, the TellYourContacts website was also advertised
to members of CDC-funded STD organizations as well as
through a press release, social media, and word of mouth.
Once on the TellYourContacts website, users have the option
to either send their notification(s) via email or text message to
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up to 10 close contacts at a time. Additionally, they have the
option to send their message(s) anonymously or confidentially,
where the user has the option to enter their name. Users also
have the option to create their own custom message or to send
a prewritten message. The TellYourContacts message alerts the
recipient that they may have been exposed to COVID-19 and
it is recommended for them to isolate at home as well as seek
testing. They are also directed to the CDC’s coronavirus
information webpage (Figures 3 and 4).
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Figure 2. Healthvana message sent to those with a positive COVID-19 test result, with a link to the TellYourContacts website.
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Figure 3. The TellYourContacts website offers prewritten and custom messages for users to send via SMS text message.
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Figure 4. The TellYourContacts website offers prewritten and custom messages for users to send via email.

Lastly, the website provides information about which contacts
should be notified and provides direct links to the CDC website
for users to learn more about COVID-19 [15,20].

Data Protection Regulation–compliant email service provider
certification [22-24].

To maintain confidentiality and privacy, TellYourContacts does
not record the user’s contact information unless voluntarily
provided. As users access the website and input information
such as their contacts’ email addresses and phone numbers, their
connection and data are encrypted and secured via hypertext
transfer protocol by the third-party service provider GoDaddy
(GoDaddy Inc). The TellYourContacts website does not use
cookies, though its third-party providers may. Additionally, the
website neither stores the email addresses or phone numbers of
the user’s contacts nor does it link information to an individual.
The website also uses services from Mailjet (Mailjet Inc), Twilio
(Twilio Inc), and Google Analytics (Google) for email
transmission, SMS text message transmission, and collection
of aggregate data that includes the total number of users who
access the website, the total number and types of messages sent,
and the general location of users as determined by internet
protocol (IP) address [21]. These providers have their own
respective measures of security, which include ISO 27001
Information Security Management compliance and General

We collected data about the total number of emails and messages
that were sent by both Curative Inc and Healthvana to notify
patients of their positive COVID-19 results. From that, we
estimated the number of messages sent to patients observed in
our study. Additionally, we collected data regarding
TellYourContacts website use including message senders, types
of messages sent, and approximate geographic location of
senders from Google Analytics. We input the data into Microsoft
Excel software (version 16.16.12; Microsoft Corp) to sum the
total quantities of the aggregate website data and used
descriptive statistics to determine the mean number of messages
sent per unique user within the observation period.

https://formative.jmir.org/2021/3/e23843

XSL• FO
RenderX

Data Collection and Analysis

Results
From May 18, 2020, to August 17, 2020, Healthvana reported
125,652 positive COVID-19 test results to patients in California.
Additionally, from May 18, 2020, to August 17, 2020, Curative
Inc notified 71,866 patients of their positive COVID-19 test
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results across the United States. During the observation period,
from May 18, 2020, until August 17, 2020, a total of 9161 users
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accessed the TellYourContacts website (Figure 5).

Figure 5. Number of TellYourContacts users per date, from May 18, 2020, to August 17, 2020.

Of these users, a total of 1957 sent messages. We found that
users chose to send SMS text messages over emails in a 13:1
ratio (1820 [93%] via SMS text messaging and 137 [7%] via
email). Messages were sent by users from the following 13
countries: the United States, Canada, Dominican Republic,
Mexico, the United Kingdom, South Africa, Japan, Bulgaria,
Puerto Rico, French Guiana, the United Arab Emirates, Sweden,

Australia, and Morocco. Senders in the United States made up
the majority of total senders (97%), representing 40 states.
Within the United States, California accounted for the majority
of senders (864/1754, 49%). Texas and Massachusetts accounted
for the second-most senders, both with 113 (6%) each (Figure
6).

Figure 6. Number of TellYourContacts message senders by state, from May 18, 2020, to August 17, 2020.

Discussion
We described the use of a newly created digital notification
platform, TellYourContacts, and found that over the course of
https://formative.jmir.org/2021/3/e23843
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three months, 9161 users accessed the website and 1474 unique
senders sent a total of 1957 messages notifying their close
contacts of possible COVID-19 exposure risk; the messages
were sent from the majority of states in the United States. Our
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results demonstrate that individuals will use a digital notification
platform to notify their contacts.
Currently, there are various modalities being used for digital
COVID-19 contact notification globally, such as
smartphone-based contact tracing apps. These apps use either
Bluetooth, GPS, or quick response (QR) codes to inform
individuals that they may have been exposed to a case.
Bluetooth-based contact notification apps measure the signal
strength of nearby smartphones to determine the user’s
proximity to and duration of an encounter with those infected.
GPS-based contact notification apps geolocate users to
determine their proximity to those infected. Lastly, QR-based
contact notification apps use QR barcodes that are scanned upon
one’s entrance to public spaces to monitor the user’s visited
locations [3]. In contrast to other forms of COVID-19 contact
notification, such as the Apple and Google Exposure
Notification System that uses Bluetooth to automatically notify
close contacts that have opted in, TellYourContacts assists users
in the process of contact notification while maintaining user
agency [25]. It gives users the ability to control how they send
their messages by providing them with the option to personalize
their message or use preformed messages and anonymize
themselves. This tool can be especially helpful for users who
might not feel comfortable directly telling their contacts or who
might not know how to directly tell their contacts about their
exposure risk, all while providing their contacts with website
links to COVID-19 educational resources. Additionally,
TellYourContacts can be used without the need to download
and install an app—which would require authorizing additional
permissions and continuous updates—on a phone or other
electronic device.
Users of TellYourContacts chose to send the majority of
messages to their close contacts via text message. This result
might possibly be due to the convenience and increasing
popularity of text messaging over the past two decades. In 2019,
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81% of Americans owned a smartphone, an increase of over
20% compared to five years prior [26]. Geographically,
California accounted for the majority of the locations from
where messages were sent. This may be because most positive
cases observed in our study were tested in California.
This study is not without its limitations. First, our evaluation
may have underestimated the number of people who may have
received information about the TellYourContacts website
because those who were tested at institutions such as nursing
homes and homeless shelters were manually excluded from the
total observed count. Second, the TellYourContacts website
has the potential to be misused, as messages can be sent for
unintended purposes. IP addresses are collected by Google
Analytics, a third-party provider, to geolocate and provide
relevant COVID-19–related information by region. Currently,
an anti–IP address spoofing mechanism is in use to filter out
false IP addresses associated with bots. Lastly, due to the nature
and privacy policies of the website, data regarding the
demographic characteristics of each person tested for
COVID-19, the percentage of those who sent anonymous
messages, and amount of contacts who read the message and
took precautions such as isolation, symptom self-checking, and
testing, cannot be obtained and analyzed.
With innovations in technology, 90% of Americans use the
internet and 81% own a smartphone [26,27]. As a result, digital
means such as emailing and text messaging are increasingly
used to communicate. TellYourContacts gives individuals who
are positive for COVID-19 the ability to initiate contact
notification with tools they already use, such as smartphones
and computers. After the evaluation of the TellYourContacts
website, we found supportive evidence that TellYourContacts
is a viable, low-threshold method that people will use to aid in
contact notification for COVID-19. Continued social marketing
research is needed to further increase its use.
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Abstract
Background: Web-based interventions have shown promise for chronic disease management but have not been widely applied
to populations with stroke. Existing barriers may inhibit the adoption of web-based interventions among stroke survivors and
necessitate the involvement of informal caregivers. However, limited information is available on internet accessibility and usability
among stroke survivors and their caregivers.
Objective: This study aims to investigate internet access and usage in a cohort of stroke survivors and their caregivers.
Methods: A cross-sectional survey was conducted with 375 participants (248 stroke survivors and 127 caregivers). Descriptive
statistics were generated using cross-tabulation. Comparisons with categorical data were conducted using the chi-square test,
whereas the Mann-Whitney U test was used for comparisons involving ordinal variables.
Results: Overall, 86.1% (323/375) of the participants reported having internet access. Caregivers were more likely than stroke
survivors to access the internet (N=375, χ21=18.5, P<.001) and used text messaging (n=321, χ21=14.7, P<.001). Stroke survivors
and caregivers with internet access were younger than stroke survivors and caregivers without internet access. The highest number
of participants who reported internet access were non-Hispanic White. Smartphones were the most common devices used to
access the internet. Email was the most common type of internet usage reported. Patients who survived for >12 months after a
stroke reported higher internet access than those who survived <3 months (P<.001). The number of hours per week spent using
the internet was higher for caregivers than for stroke survivors (P<.001).
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Conclusions: Future feasibility and acceptability studies should consider the role of the informal caregiver, participant age,
race and ethnicity, the use of smartphone apps, email and text correspondence, and the amount of time elapsed since the stroke
event in the design and implementation of web-based interventions for populations with stroke.
(JMIR Form Res 2021;5(3):e25123) doi:10.2196/25123
KEYWORDS
internet access; stroke; caregivers; surveys; questionnaires; mobile phone

Introduction
Background
In the United States, 795,000 people experience stroke annually
[1]. Although improvements in the acute management of stroke
have led to a decline in associated mortality, stroke-related
morbidity leads to chronic disability in approximately half of
all stroke survivors [2]. Comprehensive poststroke interventions
should consider common stroke sequelae, including functional
disabilities (eg, limb paralysis and sensory disturbances), speech
disabilities (eg, aphasia), emotional disturbances (eg, poststroke
anxiety and depression), and cognitive impairments (eg,
impaired memory) [1]. Mobility is reduced in more than half
of all stroke survivors aged ≥65 years [3]. Difficulty in
producing and understanding speech, known as aphasia, occurs
in an estimated 25%-40% of stroke survivors [4]. The prevalence
of poststroke anxiety and depression ranges from 21% to 29%
and from 29% to 31%, respectively [5-7]. Stroke is the second
most common cause of cognitive impairment and dementia,
with approximately 30% of stroke survivors experiencing
cognitive impairment [8] or dementia [9]. Despite the complex
needs of stroke survivors, poststroke care systems are
inadequate. Stroke survivors may have limited access to
outpatient care because of impaired mobility, limited access to
transportation, and lack of support [10]. Most stroke survivors
are discharged home from the hospital and receive care provided
primarily by unprepared informal caregivers (eg, spouses and
family members) [11,12]. Measures that expand access to
poststroke care and comprehensively address the challenges
that stroke survivors and their caregivers encounter are needed
[13].
Web-based telehealth interventions have been found to be
effective for acute stroke care, potentially beneficial for extended
neurology care in rural areas [14], and cost-effective in stroke
and dementia populations [15,16].

Purpose
Although a number of studies have examined internet access
and usage among populations other than those with stroke (eg,
patients with diabetes) [17], studies are needed to determine the
feasibility and acceptability of web-based interventions across
diverse stroke populations with complex disabilities and various
levels of ability [18]. Uncertainties remain regarding the
implementation of web-based interventions, including suitable
stroke survivors and necessary stroke survivor support structures
[19], as well as the role of the caregiver. Only 67% of US adults
aged ≥65 years reported internet access compared with 44% of
adults aged ≥80 years [20]. The lower rates of internet access
with advancing age present an additional challenge, as an
https://formative.jmir.org/2021/3/e25123
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estimated three-fourths of all strokes occur in adults aged ≥65
years [21] and 17% of all strokes occur in adults aged >85 years
[22]. Non-Hispanic Black and Hispanic US adults are less likely
than non-Hispanic White adults to have access to the internet
in their home environment [23]. The highest increase in stroke
prevalence (29%) is estimated to be reported among Hispanic
men [1], and known racial and ethnic disparities occur in almost
every aspect of stroke care [24]. To develop appropriate and
accessible web-based interventions for stroke survivors and
caregivers, we must fully understand these digital disparities
within the context of stroke survivorship. Therefore, the purpose
of our study was to investigate internet access and usage in a
cohort of stroke survivors and their caregivers.

Methods
Design and Sampling
This was an observational study of cross-sectional survey data
collected from a convenience sample of stroke survivors and
their caregivers from 2 large metropolitan areas: Houston, Texas,
and Philadelphia, Pennsylvania. Institutional review board (IRB)
approval and authorization for data sharing were obtained from
both participating universities. As the only record linking the
participant and the research was the informed consent document,
the IRBs waived the requirement for written informed consent.
Each participant received a letter of information outlining the
study, and completion of the survey was taken as the form of
consent to participate.

Recruitment
Recruitment sites included outpatient clinics, inpatient units,
and community support groups. Participants were recruited
during a routine visit to an outpatient stroke clinic within the
Texas Medical Center (Houston, TX). The outpatient stroke
clinic manages care of racially and ethnically diverse stroke
survivors and treated approximately 1000 new stroke survivors
in 2019. Participants were also recruited at an annual Houston
community stroke festival and 2 Houston-area stroke support
groups to supplement recruitment. In Philadelphia, Pennsylvania,
participants were recruited from a comprehensive stroke center
(CSC) and affiliated outpatient stroke clinic. The CSC serves
a diverse minority and medically underserved population and
treated approximately 600 patients with acute stroke in 2019.
Screening measures to determine eligibility criteria included
accessing electronic health records and participant self-reports.
Identifiers (eg, names) collected for approaching potential
participants were not retained.
Eligibility criteria for patients from both participating
universities were as follows: patients who (1) were aged ≥18
years, (2) spoke and read English or Spanish, and (3) had a
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history of stroke or self-identified as an informal caregiver of
a stroke survivor. In Houston, surveys were collected in person
using an Apple iPad and Research Electronic Data Capture
(REDCap) [25,26] survey links or paper surveys and manually
entered into REDCap [25,26] by a trained research member.
Surveys with the survey links were also emailed or completed
by telephonic interviews by a trained research member who
manually entered the data into REDCap [25,26]. Surveys were
carried out from September 2018 to July 2019. In Philadelphia,
in-person surveys were collected directly via REDCap [25,26]
survey links on an iPad. Surveys were carried out from March
2019 to July 2019. All surveys were assigned a study identifier
without personal identifiers. The mode of data collection was
dependent on user comfort and iPad availability. All data were
collected when trained surveyors were available, except for the
Houston site, which also emailed REDCap [25,26] survey links
for participants to complete. REDCap [25,26] is a secure,
web-based app that supports data capture and export procedures
at both universities.

predominately used while on a device used to access the internet
were separated for choice.

Variables

Sample Characteristics of Stroke Survivors and
Informal Caregivers

The survey was not intended to collect psychometric data and
thus did not rely on a validated psychometric instrument.
However, contributions from experts in neurology, nursing, and
bioinformatics were used to create a 14-question survey in
English and Spanish languages (Multimedia Appendix 1). In
total, 8 demographic questions included variables such as
gender, race, ethnicity, and health insurance status. The duration
in months from stroke events for stroke survivors and
relationship (eg, spouse) between stroke survivors and caregivers
were obtained. A total of 6 internet access and usage questions
included an inquiry into the form of internet access at home,
including cellular phone data as well as types of devices used
to access the internet. Modes of communication, including email,
text messages, web browsing, and gaming interactions, were
included as discrete queries. Time spent and the language
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Statistical Analysis
Data were analyzed using SPSS 25.0. Participants who selected
being both stroke survivors and caregivers were counted as
stroke survivors for the analysis. Descriptive data were generated
to explore trends in internet access and usage through
cross-tabulation. Comparisons with categorical data were done
using the chi-square test, whereas the Mann-Whitney U test
was used for comparisons involving ordinal variables. On the
basis of a sample size of 127, a one-sample chi-square test had
80% power when the hypothesized proportion of internet users
was 0.9, and the proportion of internet users in the sampled
population was 0.8 [27]. As we planned to test this hypothesis
in both stroke survivors and caregivers, we recruited 248 stroke
survivors and 127 caregivers.

Results

Of the 397 surveys collected, 375 were analyzed (Table 1).
Overall, 22 surveys were excluded because 19 participants did
not indicate stroke survivors or caregiver status, and 3
participants did not complete the internet access and usage
questions. Of the 375 surveys, 248 (66.1%) were from stroke
survivors and 127 (33.9%) were from caregivers. Overall, 45.3%
(169/373) of the participants were male, and 89.4% (329/368)
reported having health insurance. Most participants (54/127,
42.5%) reported a spousal caregiver relationship to the care
recipient, followed by a child caregiver relationship (39/127,
30.7%) to the parent care recipient. Participants (318/375,
84.8%) were primarily recruited from outpatient sites. A total
of 107 of the 375 (28.5%) participants surveyed were from
Philadelphia sites, including 58 (54.2%) from inpatient units
and 49 (45.8%) from an outpatient clinic.
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Table 1. Comparison of demographic characteristics of stroke survivors and informal caregivers (N=375) by internet access.
Characteristics

Total participantsa

With internet accessb (n=323, 86.1%)

Without internet accessb (n=52, 14%)

Informal caregivers
(n=123)

Stroke survivors
(n=200)

Informal caregivers
(n=4)

Stroke survivors
(n=48)

Age (years), mean (SD)

58

51 (14)

59 (14)

60 (19)

69 (12)

Sex (male), n (%)

169 (45.3)

33 (26.8)

108 (54.3)

1 (25)

27 (57.4)

Health insurance, n (%)

329 (89.4)

100 (82)

185 (94.9)

4 (100)

40 (85)

Non-Hispanic Black

132 (35.3)

35 (29)

71 (36)

1 (33)

25 (52)

Non-Hispanic White

114 (30.4)

48 (39)

63 (32)

—c

3 (6)

Hispanic

91 (24)

31 (25)

44 (22)

2 (67)

14 (29)

Other

37 (10)

9 (7)

22 (11)

—

6 (13)

Race and ethnicity, n (%)

Time since stroke (months), n (%)
<3

73 (30)

—

48 (24)

—

25 (57)

3-6

33 (14)

—

28 (14)

—

5 (11)

6-12

33 (14)

—

29 (15)

—

4 (9)

102 (42.3)

—

92 (47)

—

10 (23)

Parent

11 (9)

9 (7)

—

2 (50)

—

Spouse

54 (43)

52 (42)

—

2 (50)

—

Son or daughter

39 (31)

39 (32)

—

—

—

Sibling

6 (5)

6 (5)

—

—

—

Grandchild

4 (3)

4 (3)

—

—

—

Friend

13 (11)

13 (11)

—

—

—

>12
d

Relationship , n (%)

a

Values in this column represent the number of participants who answered the specific demographic survey item.

b

Counts may not add up to the n value indicated in the column header because of missing data. Percentages may not add up to 100% because of rounding
off.
c

Not available.

d

Caregiver’s relationship with the care recipient.

Stroke survivors with internet access were younger (mean 59,
SD 14 years) than stroke survivors without internet access (mean
69, SD 12 years). Similarly, caregivers with internet access were
younger (51, SD 14 years) than those without internet access
(mean 60, SD 19 years). Overall, 36.4% (71/197) non-Hispanic
Black, 31.9% (63/197) non-Hispanic White, and 22.3% (44/197)
Hispanic stroke survivors reported internet access. Fifty two
percent (25/48) non-Hispanic Black, 6.2% (3/48) non-Hispanic
White, and 29.1% (14/48) Hispanic stroke survivors reported
no internet access. Of those that reported internet access, 28.5%
(35/123) non-Hispanic Black, 39% (48/123) non-Hispanic
White, and 25.2% (31/123) Hispanic caregivers reported internet
access. One (1/3, 33%) non-Hispanic Black and two (2/3, 67%)
Hispanic caregivers reported no internet access. More stroke
survivors with stroke events >12 months ago (n=197) had
internet access as compared with those with stroke events <3
months ago (n=44). The difference in internet access between
these 2 groups of stroke survivors was statistically significant
(U=2782.0, z=−3.93, P<.001).

https://formative.jmir.org/2021/3/e25123

XSL• FO
RenderX

Characteristics of Stroke Survivor and Informal
Caregiver Internet Users
Overall, 86.1% (323/375) of participants reported internet access
(Table 2). Compared with an estimate that 89% of American
adults have internet access [27,28], 80.6% (200/248) of stroke
survivors (P<.001) and 96.8% (123/127) of caregivers (P=.001)
had access. Caregivers were more likely than stroke survivors
to access the internet (N=375, χ21=18.5, P<.001). Smartphones
were the most common type of device used to access the
internet. Of the stroke survivors, 82.5% (165/200) reported
using a smartphone, 59.5% (119/200) reported using a computer,
and 40.5% (81/200) reported using an iPad to access the internet.
Similarly, 91.1% (112/123) caregivers reported using a
smartphone, 78% (96/123) reported using a computer, and
57.7% (71/123) reported using an iPad to access the internet.
Email was the most common type of internet usage reported
among stroke survivors (143/200, 71.2%) and caregivers
(110/123, 89.4%), followed by browsing the web (stroke
survivors=122/200, 61%; caregivers=104/123, 84.6%) and video
games (stroke survivors=40/200, 20%; caregivers=42/123,
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34.1%). The number of hours per week spent using the internet
by caregivers (n=122) was higher than that of stroke survivors
(n=194), and the difference was statistically significant
(U=8922.00, z=−3.81, P<.001). The majority of stroke survivors
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(177/200, 88.5%) and caregivers (116/123, 94.3%) reported
English as the primary language used in their devices.
Caregivers were more likely to use text messaging than stroke
survivors (n=321, χ21=14.74, P<.001).

Table 2. Internet usage characteristics of stroke survivors and informal caregivers.
Total participants with internet accessa (n=323)

Internet usage characteristics

Informal caregivers (n=123)

Stroke survivors (n=200)

Smartphone

112 (91.1)

165 (82.5)

Computer

96 (78)

119 (59.5)

iPad or tablet

71 (58)

81 (40.5)

8 (7)

8 (4)

—

c

4 (2)

Email

110 (89.4)

143 (71.2)

Web pages

104 (84.6)

122 (61)

Video games

42 (34)

40 (20)

30 (24)

40 (20)

1 (1)

23 (12)

0-5

27 (22)

87 (45)

6-10

28 (23)

38 (20)

11-15

25 (20)

25 (13)

16-20

14 (12)

13 (7)

21-25

6 (5)

5 (3)

>25

22 (18)

26 (13)

English

116 (94.3)

177 (88.5)

Spanish

14 (11)

25 (12.5)

Other

4 (3)

6 (3)

104 (84.6)

121 (60.5)

Type of device, n (%)

Other
Do not access the internet

b

Internet usage, n (%)

Other
Do not access the internet

b

Internet hours per week (hours), n (%)

Device language used, n (%)

Text messaging
Yes, n (%)
a

Counts may not add up to the n values indicated in the column header because of missing data. Percentages may not add up to 100% because of rounding
off.
b

Home internet access is available but does not personally access the internet from home.

c

Not available.

Discussion
Principal Findings
Overall, most of the sampled stroke population reported having
internet access. Compared with a national estimate of adults
with internet access, fewer stroke survivors reported internet
access, whereas a greater number of caregivers reported access.
Caregivers were more likely to access the internet and spend
more time per week using the internet than stroke survivors.
Stroke survivors and caregivers with internet access were
https://formative.jmir.org/2021/3/e25123
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younger than those without internet access. Internet access was
significantly higher in stroke survivors more than 12 months
after stroke than in stroke survivors less than 3 months after
stroke. Smartphones were the most common devices used to
access the internet.

Comparison With Prior Work
Overall, 85% (323/375) of the participants reported internet
access, which is lower than that of the general public [27,29],
but higher than the 72% for US adult internet users living within
the confines of a chronic condition [30]. Similar to our findings,
JMIR Form Res 2021 | vol. 5 | iss. 3 | e25123 | p.146
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
mobile devices and computers are commonly used platforms
[31] for accessing the internet and may be feasible and
acceptable platforms for providing web-based stroke recovery
interventions. Optimizing web-based interventions to be
accessible by smartphones and computers may increase
accessibility, given the predominance of smartphone and
computer access among this sample. Lesser internet technology
use among aging patients and their caregivers compared with
younger adults [30] may indicate that these platforms may be
challenging for the older stroke population. However, stroke is
no longer a chronic condition in older individuals alone. The
increasing rates (men 41.5% and women 30%, aged 35-44 years)
of acute ischemic stroke from 2003 to 2012 in young adults
coexist with the increasing prevalence of traditional risk factors
[32,33] and emphasize the importance of focusing on web-based
stroke recovery efforts in younger adults. Ischemic stroke events
have increased significantly in adults aged 18-54 years [32].
Furthermore, the perception of the digital divide based on
advancing age is rapidly changing, as internet use becomes more
pervasive in the United States. Adults in the United States are
reporting internet usage during the COVID-19 pandemic, with
84% of individuals aged ≥50 years, 98% of individuals aged
30-49 years, and 100% of individuals aged 18-29 years of age
reporting internet usage or owning a smartphone device [34].
It is likely that web-based approaches will become more feasible
and acceptable with the changing exposures and needs of
technologically diverse stroke populations.
Chronic stroke survivors (stroke event>12 months ago) reported
the highest rates of internet access, whereas those less than 3
months poststroke had the least access. This suggests that access
and ease of internet use may be more robust in chronic
poststroke care. Web-based stroke recovery interventions may
require personalized strategies for stroke survivors’ recovery
status and individual preferences [15]. Stroke recovery care
may also be limited by physical and geographical barriers.
Although not among stroke survivors, web-based telehealth
visits have been successfully used in the general population and
have been shown to improve blood pressure control in
hypertensive patients [35]. These web-based visits may be used
as a platform to capture poststroke patient-reported outcomes
and implement interventions centered on secondary stroke
prevention, such as risk factor control, medication adherence,
and lifestyle modifications. The COVID-19 pandemic has
highlighted the utility of web-based telehealth visits. For
example, the rapid transition to telehealth visits for outpatient
care among patients with neurological diseases has been
implemented, allowing patients to communicate with health
care providers via smartphones and other devices [36]. As
web-based telehealth services expand, health care professionals
are likely to learn more about the feasibility and accessibility
of these web-based services across different populations with
incentivization to assemble infrastructures for effective
implementation of web-based poststroke care.
Because most stroke survivors are discharged home from the
hospital, many only receive care from unprepared caregivers
[37]. The amount of care provided by the caregiver to the stroke
survivor appears to increase significantly immediately after
hospital discharge and remains high throughout the first 12
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months after the stroke [38]. Web-based interventions that
actively engage caregivers may improve postacute stroke care.
Caregivers were more likely to access the internet and spend
more time using on it than stroke survivors. Caregivers of
individuals with chronic conditions appear to use the internet
for general purposes, to access health-related information and
track health-related indicators (eg, weight), support, and services
[30,31]. Caring for individuals with a chronic condition is
considered a major life stressor that negatively affects the health
and well-being of caregivers [39-42]. However, stroke
survivor-informal caregiver dyad interventions have
predominately focused on the health and well-being of stroke
survivors rather than caring for oneself as a caregiver [40].
Although more studies are needed to determine the effectiveness
of web-based interventions aimed at meeting the needs of
caregivers [40,43], the American Heart Association or American
Stroke Association recommends web-based stroke recovery
interventions that meet the evolving needs of technologically
advanced caregivers of stroke survivors [40]. Optimal stroke
recovery requires web-based strategies that target the health
and well-being of both stroke survivors and caregivers, with
both being active participants [40].
The highest number of participants who reported internet access
were non-Hispanic Whites. Racial differences in internet access
and technology usage emphasize the need to address known
disparities [28]. Racial and ethnic disparities also exist in stroke
recovery care. Non-Hispanic Black and Hispanic participants
receive less intensive stroke rehabilitation, education, and
counseling than non-Hispanic White participants [44,45].
Minority groups, including non-Hispanic Black and Hispanic
participants, have a higher risk of stroke [3]. The highest
increase in stroke prevalence was observed in Hispanic men
[3]. Non-Hispanic Black participants have a higher prevalence
of uncontrolled blood pressure, which is the most important
risk factor for stroke [46]. Notably, efforts to reduce racial and
ethnic disparities in blood pressure control among stroke
survivors have not been effective [47]. Web-based interventions
to reduce stroke recurrence and improve risk factor control could
address this gap in care by providing internet services and
devices to individuals from the highest risk groups.
Considerations for language barriers should also be given in
web-based poststroke care.

Limitations
One study limitation is that the sample may not be representative
of all US stroke survivors and their informal caregivers.
Therefore, the results should be interpreted with caution.
Detailed information regarding socioeconomic status and urban
or rural location was not obtained. Future studies of internet
access and use should consider targeted oversampling of
economically disadvantaged stroke populations and stroke
survivors and caregivers living in remote areas with limited
broadband connectivity. Socioeconomic details can be gauged
by collecting individual- and neighborhood-level social
determinants of health data. Geo-mapping using ZIP codes for
areas with the highest socioeconomic disparities and geographic
barriers to classify the type and range of web-based services
rendered will be useful before system-wide implementation of
JMIR Form Res 2021 | vol. 5 | iss. 3 | e25123 | p.147
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
web-based stroke recovery interventions. The sample size was
adequate, and the sample was racially and ethnically diverse;
however, the nonprobability convenience sampling strategy
may have resulted in selection bias. Stroke survivors and
caregivers not surveyed were likely missed at random because
efforts were limited to surveyor availability. Furthermore, the
generalizability of the results is limited by the lack of
nonparticipant data (eg, demographics and reasons). However,
the sample came from 2 large urban areas providing data from
considerably underinvestigated minority stroke survivor and
caregiver populations. Although the survey was developed and
edited by a multidisciplinary team, the internal consistency and
content validity of the survey were not tested.

Naqvi et al

Conclusions
Web-based interventions following stroke should consider the
role of the caregiver, participant age, race, ethnicity, the use of
smartphone apps, email and text correspondence, and the amount
of time since the stroke event. The results suggest that
web-based interventions may be feasible and acceptable for
certain stroke survivors and caregivers. Future feasibility and
acceptability studies should consider these findings when
designing and implementing web-based stroke recovery
interventions to minimize barriers to access, tailor the
intervention to maximize adherence, and target those most likely
to use web-based resources.
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Abstract
Background: Rheumatoid arthritis (RA) is characterized by recurrent fluctuations in symptoms such as joint pain, swelling,
and stiffness. Remote measurement technologies (RMTs) offer the opportunity to track symptoms continuously and in real time;
therefore, they may provide a more accurate picture of RA disease activity as a complement to prescheduled general practitioner
appointments. Previous research has shown patient interest in remote symptom tracking in RA and has provided evidence for its
clinical validity. However, there is a lack of co-design in the current development of systems, and the features of RMTs that best
promote optimal engagement remain unclear.
Objective: This study represents the first in a series of work that aims to develop a multiparametric RMT system for symptom
tracking in RA. The objective of this study is to determine the important outcomes for disease management in patients with RA
and how these can be best captured via remote measurement.
Methods: A total of 9 patients (aged 23-77 years; mean 55.78, SD 17.54) with RA were recruited from King’s College Hospital
to participate in two semistructured focus groups. Both focus group discussions were conducted by a facilitator and a
lived-experience researcher. The sessions were recorded, transcribed, independently coded, and analyzed for themes.
Results: Thematic analysis identified a total of four overarching themes: important symptoms and outcomes in RA, management
of RA symptoms, views on the current health care system, and views on the use of RMTs in RA. Mobility and pain were key
symptoms to consider for symptom tracking as well as symptom triggers. There is a general consensus that the ability to track
fluctuations and transmit such data to clinicians would aid in individual symptom management and the effectiveness of clinical
care. Suggestions for visually capturing symptom fluctuations in an app were proposed.
Conclusions: The findings support previous work on the acceptability of RMT with RA disease management and address key
outcomes for integration into a remote monitoring system for RA self-management and clinical care. Clear recommendations for
RMT design are proposed. Future work will aim to take these recommendations into a user testing phase.
(JMIR Form Res 2021;5(3):e22473) doi:10.2196/22473
KEYWORDS
rheumatoid arthritis; remote measurement technologies; symptom assessment; disease management; smartphone; qualitative
research; mobile phone
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Introduction
Background
Rheumatoid arthritis (RA) is an autoimmune disease that affects
approximately 1% of the adult population in the United
Kingdom [1]. Its primary symptoms are recurrent joint pain,
swelling, stiffness, and deformities, contributing to fatigue,
reduced ability to function [2], increased prevalence of
depression [3], reduced quality of life [4], and premature
mortality [5]. Symptoms vary from day to day, and disease
progression is unpredictable [6]. Currently, clinical status is
monitored by regular clinical appointments at fixed intervals,
typically every 6 months. As symptom severity fluctuates
between visits, appointments may not capture the critical time
points of symptom exacerbation.
Remote measurement technologies (RMTs), including
smartphone apps and wearable devices, have recently emerged
as useful tools for supporting health management [7-9]. Health
tracking apps enable patients to actively log changes in
symptoms as well as to collect passive data from built-in
smartphone sensors or wearable devices. RMT offers
opportunities to track symptom severity continuously and in
real time, allowing the collection of rich amounts of data in
naturalistic settings and overcoming difficulties in exploring
symptoms during time-limited appointments [10]. There is
growing evidence to support the cost-effectiveness of mobile
health interventions. A number of studies have shown positive
outcomes, including improved attendance rates at health
promotion centers and medication adherence, as well as positive
costing outcomes on economic evaluators (eg, a score of 79.6%
on the Consolidated Health Economic Evaluation Reporting
Standards checklist) [11].
There is a huge appetite for the integration of RMTs into clinical
care for RA. A recent systematic review reported the availability
of 19 Android or iOS apps for symptom measurement in RA,
representing a range of self-reported and passively collected
features [12]. Along with this ambition is a growing body of
evidence examining engagement with RMT for symptom
tracking; the concept of RMT has a good level of face validity,
with an estimated 86% of patients with RA reporting a
willingness and interest in using apps for symptom monitoring
[13].
Despite this ambition, evidence suggests huge variability in
engagement with RMT, with adherence levels ranging between
11% and 65%, depending on the requirements for the patients,
burden of questionnaire completion, and length of follow-up
[14,15]. Barriers for engagement are extensive and specific to
the individual; systematic review evidence suggests that
perceived clinical value, symptom severity, and convenience
are key drivers of uptake [16].
When developed in close collaboration with patients and
clinicians, the use of apps in clinical care may positively affect
the health outcomes of patients with RA. Co-design involves
target end users working with researchers through development,
pilot testing, and dissemination [17]. The REMORA (Remote
Monitoring of Rheumatoid Arthritis) project, which carefully
https://formative.jmir.org/2021/3/e22473
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co-designed a symptom measurement app with patients, has
demonstrated excellent levels of patient engagement and has
identified temporal changes that might have been previously
missed by consultants [18]. In another study, patients with RA
who tracked their disease through validated questionnaires and
digitally recorded joint counts better adhered to medication,
better managed activities of daily living, and reported less worry
about the future [19]. Incorporating accelerometer and objective
gait balance, alongside symptom reporting, can also accurately
predict in-clinic RA activity [20,21].
However, this level of patient input for RMT development and
testing is uncommon. Multiple systematic reviews have
highlighted the lack of patient involvement in the majority of
the apps available, calling for more user experience research to
feed into the design and development of app-based symptom
measurement systems [12,22]. There is an even greater dearth
of patient involvement in the development of platforms to merge
subjective symptom reporting with passive data collection [23].

Objectives
Accordingly, the aim of this body of research is to develop an
app-based symptom measurement system that fully meets the
needs of the patient and clinician users. This study represents
the first step in this program, which is to elicit the views of
patients to start developing the requirements for a system that
captures both subjective and objective symptoms through
patient-reported assessments and data collected via passive
sensors. The objectives of this project are (1) to identify the
symptoms prioritized by patients with RA for inclusion in a
multiparametric RMT data collection platform and (2) to identify
the key requirements that the platform would need to have for
maximized utility, uptake, and long-term engagement with
symptom management.

Methods
Design and Ethics
This study used qualitative methodology to understand patient
views on the aspects of RA health and clinical care which may
be most amenable to measurement via digital technologies.
Semistructured focus groups explored the key symptoms and
key requirements of an RMT platform. A topic guide
(Multimedia Appendix 1) was developed based on recent
systematic review evidence [16], which provided a loose
framework for discussion. The focus groups were comoderated
by a service-user researcher, experienced in qualitative research
methods (RW), and the lead investigator (FM). Neither of the
moderators were involved in patient care.
The study protocol and topic guide were approved by the Office
for Research Ethics Committees Northern Ireland (ORECNI,
REC number: 17/NI/0179).

Study Participants and Recruitment
The eligibility criteria for inclusion in this study were as follows:
(1) clinically verified RA, (2) aged 18 years or older, (3) able
to speak English fluently, and (4) able to give informed consent.
Patients were considered ineligible if they were unable to
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physically attend a focus group discussion at King’s College
Hospital or had major cognitive impairment or dementia.
Eligible patients attending outpatient appointments at the King’s
College Hospital National Health Service (NHS) Foundation
Trust rheumatology service were consecutively approached and
invited to participate. Patients were initially approached by a
clinical trials practitioner, who was not directly involved in the
patients’ clinical care. Patients were provided with an
information sheet and provided verbal information about the
nature of the project. With the patient’s consent, their contact
details were provided to the lead researcher (FM), who then
approached participants separately to discuss the study in detail.
All participants provided written informed consent to participate
and were informed that their data would be anonymized and
that they were free to withdraw at any time with no
consequences to their clinical care.

Data Collection
Two semistructured focus groups were conducted in November
2017 and January 2018. Both were conducted by two facilitators:
facilitator 1 (RW), a lived-experience service user, and facilitator
2 (FM), a postdoctoral researcher and health psychologist at
King’s College London. Each focus group lasted approximately
60 min, and participants also completed brief assessments to
establish key demographics such as age, gender, comorbidities,
and RA disease duration.

White et al

Data Analysis
The focus groups were recorded and transcribed verbatim. Each
participant was anonymized by assigning a unique number
throughout the transcripts. Data-driven thematic analysis was
used by two researchers (KW and AI), who independently
analyzed both transcripts using NVivo 12 software (QSR
International). Codes were discussed between the two
researchers and grouped into overall themes. Owing to the
data-driven approach used, it was anticipated that topics would
emerge that deviated from the original interview guide. These
were also included in the thematic analysis to highlight the
concepts that the research team may not have considered in
advance.

Results
Participant Characteristics
Figure 1 shows the flow of participants from identifying eligible
participants to the final sample group of 9. Table 1 shows final
participant demographics. Participants were all females (N=9),
aged 23 years to 77 years (mean 55.78, SD 17.54) who had
lived with a diagnosis of RA for 1-47 years (mean 20.22, SD
14.33; Table 1). Ethnicities included White (n=6), White and
Black African (n=1), Pakistani (n=1), and Caribbean (n=1).

Figure 1. Participant flowchart. Percentages were calculated using the eligible participants identified (N=58) as the denominator.
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Table 1. Participant demographics.
Participant number

Gender

Age (years), range

Ethnicity

P1

Female

75-84

White other

P2

Female

65-74

Pakistani

P3

Female

35-44

White and Black African

P4

Female

65-74

White British

P5

Female

55-64

White British

P6

Female

18-24

White British

P7

Female

35-44

Caribbean

P8

Female

65-74

White British

P9

Female

45-54

White British

Focus group 1 (n=6)

Focus group 2 (n=3)

Themes
A total of four overarching themes emerged from these data.
These include the following: (1) important symptoms and
outcomes in RA, (2) ways in which patients manage RA
symptoms, (3) views on the current RA health care system, and
(4) views on remote measurement in RA.

Symptoms Experienced and Important Outcomes
Patients with RA experience a host of symptoms related to both
their physical and mental health. Both groups revealed pain and
mobility to be the most important outcomes to assess and target
during treatment:
You say you were crawling. That’s pain and
stiffness… [Facilitator 1]
Oh total pain, total pain. [P4]
Well I agree with that. Well I always sort of say what
I’m most scared of is losing my functioning, not the
pain. [P8]
Following this, mood was also seen as an important outcome.
Patients explained how their physical symptoms impacted their
mental health:
For me, to be as mobile as possible, so it’s not
impinging on their lives really, and to control the
pain, so I don’t get so irritable [chuckles] [P9]
Physically, you’re also at a low ebb
emotionally…because your body hurts. When you’re
in pain, you try and keep your pecker up, but
actually… [P4]
Further discussions showed that the onset of RA had an impact
not only on people’s health but also on their lifestyle. Important
outcomes here related to maintaining social life and the ability
to work and/or be a parent:
I gained my teaching assistant qualification July 2015
and then my health deteriorated the September, just
after I got offered a job, so I had to turn the job
down... I’m sitting there in agony with my feet, with
my wrists, not being - having my wrists splintered,
https://formative.jmir.org/2021/3/e22473
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not being able to write at the board because my wrists
are hurting so much. [P6]
The inability to maintain a professional work life was also linked
with the outcome of mood, with the same patient stating:
Yeah, even when I was diagnosed, first diagnosed, I
was off work for four months. Initially, it’s like, yeah,
I can relax, but then it’s, I don’t know what to do with
myself. Then I know, personally, I’ll go down. I’m
under the psychologist here as well. [P6]
Although there was a general acknowledgment of the importance
of these health and lifestyle outcomes in RA management, there
were some individual differences between patients. They
explained that these personalized impacts of RA are often the
outcomes that are overlooked in the medical profession:
You know the outcomes about one’s life, is what
matters. And that’s not always raised. [P8]

Symptom Management
Symptom management emerged as the second key point of
discussion. Ways of dealing with symptoms were first discussed
in terms of medication and then in relation to the use of
alternative symptom management strategies.
There was a general sense of uncertainty surrounding the
effectiveness of medication in both focus groups. Some patients
expressed positive experiences of using RA medication to
improve outcomes, whereas others described medication as
having had no effect on their symptoms. A couple of patients
expressed reluctance to use traditional disease-modifying
antirheumatic drugs (DMARDs) and steroid medications
because of their effectiveness and side effects, respectively.
They also felt that there was a lack of support in dealing with
the confusion or fear surrounding taking different medications:
There’s nobody you can talk to, and you can’t talk to
the consultants about it because it’s take it or leave
it to some extent. But, there’s no experience to draw
on, you know, have people got cancer from it, have
they got septicaemia? What are the symptoms? [P9]
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Complementary treatments emerged as more acceptable than
just taking medication alone. Patients reported improved
outcomes from dietary changes, meditation, physiotherapy, and
exercise. There was agreement that integration of medication
and complementary treatments was important, with suggestions
for a more holistic approach to RA management. Several barriers
to this approach were highlighted, one being the perceived
reluctance of health professionals to prescribe alternatives:
There seems to be a slight irritability if you’re
reluctant to take the drugs from the doctors. And to
explain that, you know, I’ve got 2 children, I don’t
want to get cancer, I don’t want to have septicemia.
[P9]
they [consultant] said that there was no evidence to
suggest that anything I was taking was going to
help.... I was literally just told that my alternatives
were not going to do anything for me, but I still went
ahead. [P7]
Other barriers to incorporating complementary treatments into
RA management include the allocation of services based on
location and restricted access to information. One patient
suggested the creation of a website that personalizes exercise
class availability based on location. That said, patients also
tended to agree that pain or feelings of self-consciousness
presented the biggest barrier to using exercise:
I think it’s that sort of encouragement because it’s a
hard thing to do, particularly if you’re in pain. And
also if you feel like your body isn’t right it makes you
feel less good about your body or the idea of doing
exercise. [P8]

Current Views on the System and Ideas for Improvement
Key aspects in effective disease management include the
importance of continuity of care, patient-centered care, and the
impact of symptom fluctuations on appointment effectiveness.
Continuity of care was highlighted several times as a major area
of importance. Perceived lack of coordination, both between
departments and external health care providers, was cited as a
barrier to continuity of care. Patients discussed their differing
experiences in facilitating the link between their consultant,
pharmacist, and prescription delivery service:
…I wasn’t able to do [DMARDs] for two weeks
because I didn’t have any medication... I had to try
and explain that to them. I said, I’ve been off my
[medication name] since middle of September. You
only delivered four [DMARDs]… So missing
medication through no fault of my own was not reallyso in terms of outcomes, I’d quite like to get my
medication, please [laughs]. [P3]
Following this, patient-centered care was also discussed as being
of equal importance. Patients reported not seeing the same
consultants at each stage of their treatment, meaning that
information is often unnecessarily repeated. One individual
explained how their experience with an unfamiliar registrar
made them feel as though their longstanding story and
experience of RA was devalued:
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Yeah, sort of treating the patient as an individual as
well isn’t is, there’s a sort of party line and a
protocol, but who is this person sitting in front of you,
what is their story? She wouldn’t have had to read
all the notes just to see I had been diagnosed a long
time ago and have been coming to the clinic for many
years. [P8]
More positive experiences tended to include times when medical
professionals acknowledged the outcomes of importance that
were specific to the patient:
He was brilliant, because I love- I like working and
I like travelling. I was going to see my daughter in
Australia and I took my mum. He came- he notified
my GP practice, who came round, pulled out [a pint]
in each knee and injected me... he would do it in
anticipation of- because I was going to be at my
daughter’s wedding or whatever it was... I was a
person. I was not a number. [P4]
Patients went on to suggest how patient-centered care could be
improved. For some, this involved building trust with medical
professionals; for others, being able to provide some background
information before appointments would suffice:
I know that sometimes you feel if only they had a card
to give to all the persons before, if the person could
report and that they could even tick, maybe, things
so that, yes, that person has that or that or that- that
would make it much easier for them. [P1]
The third key issue questioned the effectiveness of current
appointments. Both focus groups consistently noted that
symptom fluctuations had a major impact on whether their
appointments were effective. In general, it was agreed that
symptom fluctuations, especially in relation to pain, are often
not captured in appointments:
... when they say, how are you? Very often [laughs],
if I go, sometimes I have no pain at that time... I forget
that I had the pain because I tend to forget I’ve got
pain, but then at times it’s, ooh [laughs], excruciating.
[P1]
One patient gave an example of the time that their appointment
coincided with a period of heightened pain, which resulted in
hospitalization. However, this was described as an exception,
rather than the rule:
P4: I was very lucky. I had a - I didn’t know I had,
but I had - I felt I had massive pains everywhere. I
happened to be seeing Mr. X or Dr X the next day.
He just - he took - I had a blood test done and my
CRP was 300 and something and it should be below
two... I was found a bed that - there and I was in until
the Friday, when it was coming down...
P5: But that was luck more...
P4: Oh totally, totally.
Discussions surrounding how this could be improved were
two-pronged. On the one hand, patients thought it a good idea
to be able to conduct appointments or blood tests on days
immediately after their pain symptoms. However, there was
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consensus that being able to log symptom flares for the purpose
of reporting at the time of an appointment would be beneficial
as well. It was even suggested that this could be in the form of
a digitalized message, for example, a text or an email:
I wouldn’t mind getting an email saying, how have
you been feeling this past week or month or eventhat’s- I’d actually feel really quite positive about
that. [P3]

Remote Measurement in RA
Patients with RA might benefit both from providing personal
information to new clinicians before appointments and keeping
a log of symptom fluctuations to review during appointments.
As such, each of the focus groups was asked about the potential
of an RMT platform, such as a wearable and smartphone app,
to track changes in their health.
Patients had varied views on which specific aspects of RA
management should be tracked remotely. These generally
culminate in two main symptoms: pain and mobility. With pain,
patients were keen to highlight that pain can fluctuate by body
part, as well as by time of day. With mobility, it was noted that
this can vary both within and between days. These were all
perceived as important aspects to capture in remote
measurements:
I suppose I would imagine being able to sort of put
in particular parts of the body which tend to have
pain: joints, or in my case tendons as well. And then
monitor maybe daily how they were doing. Some
things that come and go, would be quite interesting.
[P8]
Maybe just the, maybe the periods of stiffness, when
they are, is it different in the morning. [P9]
One patient went as far as to describe a way in which their pain
fluctuations could be visualized:
But if we had a - and we just ticked, for instance, with
a timetable and ticked such a time that was crucial.
You could even do it in color, I suppose. If it’s very
bad, you could have it in red or black or green or
whatever. [P1]
It became apparent that it might be of interest to track not only
the main symptoms but also the triggers of these symptoms. It
was thought that this measurement might act towards preventing
symptom flares. There was much deliberation over the symptom
triggers that patients were already aware of, and these tended
to differ by individual. In general, these included sleep,
tiredness, diet, exercise, stress, mood, and other psychological
factors. Often, these factors are present comorbidly, and it is
difficult to determine the direction of causality:
Yeah I think maybe sleep would be another one. But
it would be quite interesting to see how those things,
sort of mood and also feelings of stress, and tension,
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how wound up you are about things, might see how
that fluctuates, in parallel or not, with joint symptoms.
And yes so, it works both ways. How it affects your
sleep that’s actually quite a big one. [P8]
Patients also thought it useful to have a list of common measures
to track, alongside an open box, to note additional symptoms
that are relevant to the individual:
Facilitator 2: Or if everyone gets to select before they
even start what they want to measure, so if I could
provide them with a long list of things that are
available (voices saying yes) and before you even
start you could say “I’m, I identify with this, this, this,
and this”. And prioritize your top 5 things that you
want to be able keep track of....
P8: Yes, that would make it more realistic, and even
you know, you could review that after 6 months and
change it, or look at different things for a period.
Although there seems to be a general sense that remote
measurement in RA might be beneficial in some formats, there
were a few differing views on whether encompassing this into
an app would be helpful. This seemed to be dependent on the
individual’s established coping mechanisms:
I’m an app freak, I’ve literally got an app for
everything, anything around technology. So I thought,
if there’s a way I can manage my arthritis through
using an app then that would just be brilliant! [P7]
The problem with the app, as we’re talking about it
I think, is that the more you put in to sort of cover
everything the more daunting it’s going to look like
[laughs] the less everyone’s going to [interrupted]...
it’s appealing but it all goes against my main coping
strategy which is not thinking about it. [P8]

Discussion
Principal Findings
This study aimed to provide the first step in developing a
multiparametric RMT system for RA symptom tracking by
eliciting views on (1) key symptoms prioritized by patients for
inclusion in the system and (2) key requirements for maximized
utility, uptake, and long-term engagement with RMT symptom
management. In addition to these two original objectives, useful
information about how RMT systems may be incorporated into
existing health care services was elicited. A total of four key
themes emerged: (1) key symptoms experienced and important
outcomes to consider; (2) clinical and self-management
strategies for RA symptoms; (3) ways in which the current
health care system can be improved; and (4) facilitating RMT
use in patients with RA. Figure 2 breaks down each of these
themes into recommendations for consideration when designing
a multiparametric RMT system for RA symptom tracking.
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Figure 2. Key recommendations for consideration in a remote measurement technology system for rheumatoid arthritis symptom tracking, split by key
theme. RA: rheumatoid arthritis.

Comparison With Previous Work
The results of this study align with previous findings supporting
the acceptability of RMT apps for use in RA disease
management [13-15,24]. Patients approved the development of
an app for the purpose of individual symptom tracking. In terms
of specific symptoms to include, results reinforce work led by
Crouthamel et al [14] and El Miedany et al [19] in the admission
that pain and mobility fluctuations are key symptoms to track.
In particular, in the study by Crouthamel et al [14], use of a
novel joint pain map for the interactive recording of the number
and severity of painful joints seems particularly relevant. Our
results suggest that patients might find it useful to be able to
record these data at multiple periods throughout the day,
alongside at weekly intervals. Interestingly, our results show
that patients are also interested in tracking symptom triggers,
such as sleep, diet, exercise, and mood. Reade et al [15] go some
way toward capturing this in their study app, which collects
self-reported measures across 10 variables, but crucially this
work suggests that patients might prefer to personalize the
symptom triggers they are reporting on, as well as to adapt these
over time. Much of this work has focused on symptom tracking
to improve health outcomes in patients with RA. Although our
results suggest these to be of utmost importance, patients also
placed value on lifestyle-related outcomes, such as work,
parenthood, and socialization. It is less clear at this stage how
these aspects of RA management would be incorporated into a
symptom-tracking app.
In addition to tracking RA symptoms for self-management,
these results suggest that an RMT system should also include
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a means of transferring data to a health care provider. Logistical
barriers exist with respect to sharing data between third-party
apps and secure NHS servers, so it is important to consider the
value of linking patient symptom trackers with electronic health
records (EHRs). Patients proposed the benefits of providing
information before appointments, both for the purpose of aiding
understanding of their condition and to accurately recall
symptom fluctuations. This sentiment resonates well with
qualitative work in this area [24]; participants were keen to use
RMT tools to communicate with their physician, provided they
felt that this would be incorporated into their care. In a similar
sense, our findings suggest that provision of information to
consultants seems dependent on the trust held for that
professional. Previous work demonstrated that integrating
remotely captured symptom fluctuations into EHRs presents an
effective way for consultants to identify temporal changes and
provide tailored disease management [18].
Our findings suggest that an app for patients with RA should
include both symptom tracking and data transmission
components. At present, the most popular apps available to
download for RA management are those that combine symptom
tracking and educational content [22]. Educational content,
defined as information on disease pathology, diagnosis, or
explanation of inputted symptom data, was not explicitly
mentioned in our focus groups as an important feature of an
app. However, discussions regarding disease management
revealed uncertainty surrounding the use of RA medication and
complementary treatments. An app that could provide dedicated
information and recommendations for a range of treatment
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options might be the best fit. Interestingly, our results show that
perceived reluctance to consider medication alternatives by
health care providers is a barrier to treatment adherence. It might
also be useful to consider combining educational content with
data transmission features, such that patients could research
their personal preferences and report back to consultants for
review in upcoming appointments. In addition, patients reported
motivation and access as key barriers to accessing
complementary treatments. Inclusion of a social support feature
in an app would go some way toward combating them. These
results are in line with recommendations of Luo et al [22] to
implement data transmission and access to social communities,
alongside symptom tracking and education, into an app for RA
management.

Limitations
Several evaluation points must be considered. First, the sample
size was small; therefore, additional themes related to this topic
might have been missed, and there is limited generalizability
to the wider RA population. Second, all patients across the two
focus groups, although presenting a variation in age and disease
experience, were female. Both facilitators were also women.
Male participants were originally recruited but did not attend
on the day. Including a female service user as a facilitator might
have been more relatable to patients, yet results may still be
biased toward a female experience of RA. It is not yet clear in
the literature whether the perception of remote symptom
measurement varies by gender. This is a common limitation,
and the gender ratio is similar to other studies in the field [24].
Third, sampling for qualitative work inevitably results in a
selection effect, whereby certain individuals might be more
motivated to participate. Similarly, consecutive sampling
through a single center excluded patients who were not currently
attending outpatient appointments or could not physically attend
a focus group. Given the fluctuations in pain and mobility that
are apparent in RA, this might have skewed attendance toward
those who were feeling well on the day. Had the groups included
those presenting with symptom flares, certain themes may have
been exacerbated. Fourth, the topic guide (Multimedia Appendix
1) was intentionally vague. This has elicited some important
areas for discussion that were not previously considered by
researchers, but it has also resulted in the underdevelopment of
intended topics. For example, the concept of passive data
monitoring has not been widely discussed in the groups, perhaps
owing to the relative novelty of the technologies.

Applications for Future Research
This work provides the foundation for developing a
multiparametric RMT system for symptom management in RA.
Having explored patient views on key symptoms and concepts
for consideration, there are some clear applications for app
design (Figure 2). An RMT system should include, at the very
least, options to track changes in pain and mobility. Symptom
severity may be best tracked visually, via a color chart, with
the option of tracking changes by body part and over time.
Ideally, users should also be able to add additional personalized
symptoms and symptom triggers that they feel are pertinent to
their experience of RA. There should also be some informational
content available through the app regarding the use of
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medication or the local availability of complementary therapies.
Developers should also consider the concept of data transmission
of such information to relevant health care providers.
The next steps for future work in this body of research are to
develop an RMT system that can undergo subsequent user
testing with a similar group of patients with RA. Service-user
workshops offer opportunities to facilitate the co-design of
aspects such as user interface and usability [18]. Alongside app
development, this should also include the provision of a passive,
wearable device that can complement active symptom tracking.
Given that our discussions found mobility to be a key outcome
of importance, passive monitoring is likely to offer additional,
unobtrusive insight into symptoms. These sessions could run
over several days and include the option of attendance via video
call to allow the inclusion of participants experiencing symptom
flares or not attending clinic on the day. The purpose of such
user testing should be to assess the usability and feasibility of
the system and to understand how to maximize the utility of the
data collected while minimizing the burden on patients. In turn,
this would provide further insight into the barriers of uptake
and long-term engagement with using RMT for symptom
tracking.
A key requirement for implementing such technologies in
clinical care is to assess the viewpoints of all stakeholders [10].
Parallel work should, of course, look to incorporate the views
of rheumatology professionals into these discussions. This is
especially relevant given that our findings highlight a clear
desire to use an RMT system to send information to clinicians
ahead of appointments, in the form of personalized details and
symptom fluctuations. It is of upmost importance to assess the
feasibility of such data transmission. This work could encompass
a combination of both patient and clinician stakeholder views
in single focus group sessions, discussing how the data would
be incorporated into appointments.

Conclusions
This paper has provided an in-depth exploration of the clinical
outcomes valued by a group of patients with RA and, as a result,
the key areas of consideration for inclusion in a disease
management system. Static time point assessments miss
important information for patients with fluctuating disease
symptoms. Patients are interested in symptom tracking, and
there is a clear and consistent message from patients that remote
monitoring via an RMT system has a place in RA
self-management and clinical care. This work has helped pave
the way for the initial design of such an app, the success of
which will be contingent on further co-design with patients. It
should capture relevant and personalized outcomes with the
possibility of integration with EHRs. Future work in this
program aims to combine this app with passive symptom
monitoring to create an optimal RMT system for RA symptom
tracking. In the current climate of the COVID-19 pandemic,
health services are witnessing a rapid shift toward remote
management of disorders through telemedicine [25]. This work
represents a step toward creating an acceptable and engaging
remote system for use as an interface between self-management
and clinical care during unprecedented times and beyond.
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Abstract
Background: More than 50% of all patients with breast cancer experience fatigue symptoms during and after their treatment
course. Recent evidence has shown that fatigue is partly driven by cognitive biases such as the self-as-fatigued identity bias,
which may be corrected with computer-based cognitive bias modification (CBM) techniques.
Objective: The aim of this study was to design a CBM-training app by adopting a cocreation approach.
Methods: Semistructured interviews were conducted with 7 health care professionals, 3 patients with breast cancer, and 2 patient
advocates. The aim of the interviews was to collect input for the design of the CBM training, taking the values and preferences
of the stakeholders into account, and to determine the timing and implementation of the training in the treatment course.
Results: Overall, the interviews showed that the concept of CBM was accepted among all stakeholders. Important requirements
were revealed such as the training needs to be simple and undemanding, yet engaging and persuasive. Based on the results, an
eHealth app IVY (Implicit VitalitY) was created. The findings from the interviews suggested that IVY should be offered early
in the breast cancer treatment course and should be carefully aligned with clinical treatment.
Conclusions: The findings of this study show that using CBM as a preventive approach to target cancer-related fatigue is an
innovative technique, and this approach was embraced by breast cancer stakeholders. Our study suggests that CBM training has
several benefits such as being easy to use and potentially increasing perceived self-control in patients.
(JMIR Form Res 2021;5(3):e18325) doi:10.2196/18325
KEYWORDS
breast cancer; cognitive bias modification; eHealth; fatigue; oncology; psychology; vitality

Introduction
Cancer-related fatigue is a highly prevalent and pervasive
symptom that has a major impact on the quality of life [1]. More
than 50% of all patients with breast cancer experience fatigue
complaints during their treatment course, with a substantial
https://formative.jmir.org/2021/3/e18325
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proportion retaining serious fatigue symptoms after treatment
[2]. Patients report fatigue as more distressing than other
cancer-related symptoms such as nausea and pain [1,3].
Furthermore, fatigue is directly related to limitations in
occupational participation [4], social participation, and even in
performing the daily routine [5].
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Cancer-related fatigue is a complex symptom, in which the
etiology is multifactorial and not entirely clarified. It is
characterized as “an unusual, persistent, subjective sense of
tiredness related to cancer or cancer treatment that interferes
with usual functioning” [3]. Daily limitations can be related to
physical functioning, mood, motivation, cognitions, and social
functioning, including interindividual variations. The start,
development, and course of cancer-related fatigue are rarely
studied. Regarding fully developed serious fatigue symptoms,
one of the underlying mechanisms seems to be the psychological
distortion in perception, also known as cognitive biases.
Previous research studies have suggested that breast-cancer
survivors have an attentional bias for cancer-related words
compared to healthy individuals [6]. In a similar way, patients
with breast cancer can develop a distorted fatigue self-concept
(“I am a person with low energy”). This may implicitly
consolidate and aggravate fatigue-related behavior and
consequently, fatigue as a symptom. These cognitive biases are
largely implicit and occur outside awareness. The adverse effect
of cognitive biases can be both direct (due to the higher
sensitivity to signals of fatigue) and indirect (fatigue-related
behavior is unconsciously avoided, resulting in self-imposed
limitations and a decrease in physiological capacity) as has been
found for pain by Crombez et al [7] and for fatigue by Hughes
and colleagues [8]. In order to prevent the full development of
serious fatigue symptoms and related behavior, interventions
are needed that can be applied early in the process of
development of cancer-related fatigue and accompanying
cognitive biases. The existing interventions for cancer-related
fatigue are reactive and focus on managing existing fatigue
symptoms. Our study, in contrast, focuses not only on reducing
the existing fatigue but also on pre-emptively enhancing vitality
in patients, to make them more resilient during treatment against
developing fatigue.

Wolbers et al
play a role in the perception of pain severity [14]. Self-identity
is conceptually closely related to a self-schema [15], defined as
a person’s integrated set of memories, beliefs, and
generalizations about his behavior in a certain domain. When
patients experience fatigue symptoms over an extended period,
either during or following their treatment, they are at risk of
developing a schema of the self as a “tired person.” Based on
evidence from various domains [16,17], it is evident that such
self-schemas are strongly rooted within the implicit system and
should therefore also be treated at the implicit level. CBM
interventions do exactly this. We explore the assumed treatment
mechanism (self-identity bias modification to improve fatigue
in patients with breast cancer) and work on a theoretical
substantiation of the working mechanism for fatigue in this
patient group. A theoretical model that informs our conceptual
work is the Schema Enmeshment Model of pain proposed by
Pincus and Morley [17]. This theory describes the onset and
mechanisms of information-processing biases as the intersection
of 3 psychological schemas representing the symptom, the
illness, and the self. Repeated simultaneous activation of these
schemas is hypothesized to result in gradual enmeshment of
these schemas, where activation of an element within one
schema automatically spreads to the other schemas. Assuming
that the Pincus Schema Enmeshment model is equally applicable
to the psychosomatic symptom of fatigue, the self-as-fatigued
identity bias was chosen as the target in this study.

An emerging technique to directly correct or prevent
maladaptive biases with simple repetitive association tasks is
cognitive bias modification (CBM). CBM programs are aimed
at retraining learnt thought patterns (biases). The underlying
theories (dual process models) describe human behavior,
thoughts, and feelings as the integration of conscious reflexive
processes on the one hand and automated and unconscious
processes on the other hand [9]. Existing interventions aimed
at self-management or rehabilitation primarily target reflexive
processes in patients. The method proposed here (CBM) targets
automated unconscious processes and can therefore be
considered as complementary to current fatigue treatments.

Based on the hypothesized relationships and working
mechanisms, cognitive biases seem to play a role in developing
and maintaining fatigue. Therefore, it seems warranted to study
whether CBM can be beneficial in reducing and preventing
cancer-related fatigue. Furthermore, it might strengthen
vitality-related cognitive bias to further buffer the
fatigue-stimulating processes. Therefore, the aim of this project
was to develop a CBM-training app to increase vitality bias and
reduce fatigue bias in patients with breast cancer. The focus of
this training will be on retraining fatigue and vitality self-concept
associations by letting patients repeatedly pair vitality-related
words with “self” and fatigue-related words with “others.” The
words that we used for CBM were general words describing
fatigue and vitality. We explicitly do not use words that are
linked to only 1 dimension of fatigue in order to maximize the
ability for identification. Offering this training at an early stage
of treatment or even pre-emptively by strengthening a
vitality-rich self-concept, thereby creating a “buffer” against
fatigue symptoms could help making patients more resilient
during and after treatment.

CBM has already shown beneficial effects in reducing anxiety,
depression, chronic pain, and addiction [10-12]. The most robust
evidence for cognitive bias in the context of fatigue is attentional
bias. In a systematic review, Hughes et al [8] concluded that
patients with chronic fatigue syndrome consistently show an
attentional bias toward health-threatening cues compared to
healthy controls. This is supported by evidence from research
on insomnia [13], a condition closely related to fatigue. While
attentional bias represents a perceptual orientation toward fatigue
cues, self-identity bias reflects a more elaborate interpretative
cognitive process. As has been shown in pain research,
automatically activated associations between pain and “self”

Although CBM is a promising technique, acceptance by patients
and health care professionals has not yet been systematically
studied. Beard et al [18] studied attitudes toward CBM in
patients with anxiety disorders. The perceived advantages of
CBM were that the tasks were easy and straightforward.
However, the barriers to CBM were that the tasks were repetitive
and boring. Furthermore, patients lacked understanding about
the purpose of the tasks and thought it was strange and not
credible. In particular, in the domain of somatic diseases,
psychosocial treatments offered to alleviate psychosomatic
symptoms such as fatigue are known to evoke feelings of
self-blame in patients [19]. Taking into account the possible
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resistance in stakeholders with regard to CBM, it seems essential
to involve patients and health care professionals throughout the
design process [20]. This cocreation approach, based on
user-centered design principles, has been shown to lead to more
acceptance of systems, better adherence, greater user
satisfaction, and better implementation chances of the
technology [21].

of patients with breast cancer (n=7). Patient advocates were
patients with breast cancer too, but they were invited as
representatives and stakeholders of BVN. These patient
advocates were following an education program and had insight
into the patients’ needs and wishes from not only their own
situations and experiences but also from many breast cancer
types and treatment forms.

In this cocreation process, it is first important to obtain insight
into the perspective of patients with breast cancer and health
care professionals on fatigue and how they perceive the course
of fatigue, to determine at which stage of the patient’s journey
a preventive CBM-vitality training can best be offered to
patients. One possibility is that the training should be offered
as early in the treatment course as possible in order to obtain
the best preventive results. However, in this early phase, patients
have just been diagnosed and are preparing for their first
treatment, which makes it less likely that patients will be open
to use an intervention. Furthermore, the motivation to receive
training will probably be higher when the patients experience
the first fatigue signals. Therefore, the first aim of this study
was to explore the window of opportunity for introducing the
CBM intervention in the early stage. The second aim of this
study was to examine the attitude of the stakeholders with regard
to the concept of CBM to understand the main drivers and
barriers for accepting this technique. The third aim was to gather
information about their needs and values to formulate concrete
design requirements. Finally, it was important to gain more
insight into how the CBM training can be successfully
implemented in regular clinical care. This leads to the following
4 research questions:

Recruitment was stopped when data saturation was achieved
and no new information was obtained from the interviews.
Patients with breast cancer from a large regional hospital with
a breast cancer unit (Ziekenhuis Groep Twente [ZGT]) were
included. In 2019, 306 patients from this breast cancer unit have
had breast cancer surgery. The mean age of this patient
population was 61.8 (SD 13.9) years, which is comparable with
the Dutch benchmark from the Dutch Institute for Clinical
Auditing with a mean age of 61.6 (SD 12.9) years. Inclusion
criteria were that patients were diagnosed with breast cancer
and had finished or almost finished receiving cancer treatment.
The first patient had finished chemotherapy and was receiving
radiotherapy. The second patient was in the last phase of
chemotherapy. The third patient had finished treatment several
years ago. Health care professionals who participated were a
medical oncologist, oncology physiotherapist, nurse practitioner,
surgical oncologist, general practitioner, and 2 oncology nurses.
Participants were selected by the medical oncologist and
approached via telephone by the researcher RW.

1. What is the preferred moment in the patient’s journey to
introduce the CBM treatment pre-emptively?
2. What is the attitude among patients and health care
professionals toward the concept of CBM aimed at preventing
chronic fatigue in patients?
3. What are the requirements that need to be taken into account
in the design of the CBM training?
4. How can the training be fitted into the regular clinical
treatment regimen in order to facilitate sustainable
implementation?

Methods
Participants in This Study
Twelve participants were recruited by purposive sampling [22].
Participants were patients with breast cancer (n=3), patient
advocates from BVN (Dutch breast cancer patient association)
(n=2), and health care professionals involved in the treatment
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Data Collection
Semistructured face-to-face interviews were conducted by RW
with patients, patient advocates, and health care professionals.
The aim of the interviews was to gain more insight into the
course of the fatigue, explore the attitude of the stakeholders
toward CBM, collect the requirements for the training based on
preferences, and lastly investigate how the training could be
implemented into regular care. An overview of the interview
topics and questions can be found in Table 1. Interview
questions were generally the same for patients, patient
advocates, and professionals and were focused on their expertise.
In the interviews, the idea of CBM was introduced to the
participants with an oral explanation. The literal translation of
the original Dutch text is added in Multimedia Appendix 1. To
help them understand the concept of CBM, the mobile approach
avoidance CBM training “Breindebaas” for alcohol addiction
was shown as an example [23]. Interviews lasted for 30-60
minutes and were recorded with a voice recorder. The interviews
were conducted in Dutch and back-translated to English. After
the interviews, the first version of the platform was developed
by software engineers and shown to the same patients for
feedback. Two out of 3 patients were willing to test the platform
and provide feedback.
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Table 1. Overview of the interview topics.

a

Interview topic

Topics of the questionsa

Demographics and medical information

Age, occupation, diagnosis, and treatment

Fatigue

Impact and course of fatigue

Attitude

Attitude and experience supporting health by technology and opinion on cognitive bias
modification training

Preferences

Preferred platform, content, layout, and explanation of the training

Implementation

Integration of training in regular care and the best moment for offering it to patients

The literal translation of the main questions is given in Multimedia Appendix 1.

Data Analysis
The audio recordings were transcribed verbatim. After
transcription, thematic analysis was conducted [24]. This process
started with familiarization of the data and generation of the
initial codes. Then, the codes were transformed into themes and
subthemes. This was done until no new codes emerged,
indicating that the saturation point was reached. Interrater
reliability was ensured by means of consensus estimates with
all authors [25]. Coding was an iterative process in which
generating themes was both deductive and inductive [26].
Deductive coding was based on the Technology Acceptance
Model [27], Persuasive System Design Model [28], and
literature on cancer-related fatigue [29]. The following main
themes were identified: (1) course of cancer-related fatigue, (2)
attitude toward CBM, (3) preferences with regard to the training,
and (4) implementation of the training in the regular treatment
course. Qualitative data analysis and research software
ATLAS.ti 8.4 (Scientific Software Development GmbH) was
used.

Research Ethics
The Medical Ethical Review Committee of Medical Spectrum
Twente judged that this study does not fall under the scope of
the Medical Research Involving Human Subjects Act (WMO)
(K18-47). The Advisory Committee on the Local Feasibility of
Scientific Research ZGT agreed by providing a declaration of
no objection (ZGT18-44). This study was also approved by the
ethical committee of the Faculty of Behavioral, Management
and Social Science, University of Twente (file number 18791).
Written informed consent was obtained from all participants.

Results
Sample Population
This study comprised a purposive sample that consisted of 3
female patients with breast cancer with mean age of 51.33 (SD
4.71) years (a 48-year-old saleswomen from a fashion store, a
48-year-old secretary, and a 58-year-old youth doctor), 2 female
patient advocates with mean age of 63 (SD 5) years, and 7 health
care professionals with mean age of 50.43 (SD 7.5) years
(females 6/7, 86% and males 1/7, 14%), that is, an oncologist,
oncology physiotherapist, nurse practitioner, surgical oncologist,
general practitioner, and 2 oncology nurses.
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Course of Cancer-Related Fatigue
In the interviews, all patients reported to suffer or have suffered
from fatigue, which they experienced as a large burden in daily,
social, and occupational life.
…You lose your independence as a result. Because
if you're so tired, then you won't even be able to go
to the supermarket to get your groceries. [Patient 1]
Professionals confirmed that fatigue is very common in patients
with breast cancer.
…I think that fatigue is the only complaint that affects
everyone. [Nurse Practitioner]
Patients described fatigue in terms of mental aspects (2 of 3
patients, eg, not being able to concentrate), emotional aspects
(2 of 3 patients, eg, frustration), and physical aspects (3 of 3
patients, eg, loss of endurance). They all reported cancer-related
fatigue as different from regular fatigue.
…Normally you go to bed tired and wake up
refreshed, but that is not the case. Everything takes
a lot of effort and energy. [Patient 1]
Furthermore, professionals mentioned that fatigue often happens
suddenly.
…For example, they have to walk to the counter to
get a knife and then they don't know how to get there.
[Surgical Oncologist]
Regarding the course of fatigue, general participants indicated
that fatigue is prevalent before, during, and after chemotherapy.
Professionals mentioned that fatigue sometimes starts before
the chemotherapy because of the diagnosis, poor sleep, and
many hospital appointments. Professionals reported that severe
fatigue starts during chemotherapy.
…When we give chemotherapy, I think that fatigue
occurs relatively quickly, after cycles one and two
and maybe three. [Nurse Practitioner]
Patients (Patient 1 and Patient 2) noticed patterns of fatigue
within a treatment cycle.
…The first two days were pretty good, and the third
day it started to collapse. On the fourth and fifth day
I felt usually very bad and tired. After that I started
to feel a bit better again. [Patient 1]
However, professionals mentioned that the more treatment
cycles patients have had, the longer it takes for patients to
recover.
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…As chemotherapy continues, they become more tired
and it takes longer to recover. [Oncology Nurse 2]
This fact was also acknowledged by all the patients.

Furthermore, patient advocates reported that CBM could be
interesting for patients who do not want to reach out for
psychotherapeutic help.

…I was sick during the first course of chemotherapy,
but I always recovered after a cycle. However, the
second course was very tough. I did not recover
anymore; the fatigue was progressive. [Patient 3]
Professionals reported that fatigue often persists after treatment.

…Some patients are reluctant to go to a psychologist.
Maybe they can benefit in this way. [Patient Advocate
2]
In general, all 3 patients reported to be open and, to some degree,
positive toward the concept of CBM.

…It will stick around for a very long time after
completing chemotherapy. [Oncologist]
…A year after treatment, it is exceptional that fatigue
is not presented as the main complaint. [Surgical
Oncologist]
This was confirmed by the patient who had completed treatment
several years ago.

…There is no harm in trying. [Patient 1]
…I think it will give me a boost. [Patient 2]
They mentioned that they were curious and liked the simplicity
of this concept. Two out of 3 patients reported that they would
be open to receive CBM training.

…I never became my old self again after
chemotherapy. [...] I had hoped that the fatigue would
disappear over time, but that did not happen. So I
had to adjust my life to that. [Patient 3]

Attitude Toward CBM
Health care professionals mainly reported positive opinions
about the concept of CBM.
…That sounds very simple. [...] It is also a small time
investment. [General Practitioner]
Health care professionals indicated that they were curious about
the results and that it could be fitting for patients with breast
cancer.
…At a certain point, the fatigue also starts to belong
to them. [...] Patients with breast cancer want to do
everything they can, a good patient group in that
regard. [Nurse Practitioner]
Health care professionals also seemed hopeful.
…Even if it could reduce a little bit of the experienced
fatigue, we have gained a lot, because it really is a
big problem. Not only for the patient, but also for us
as a society. [Surgical Oncologist]
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…Because you want to do everything to endure the
cancer treatment as good as possible. [Patient 1]
One patient was very critical, reporting that she would not use
the training without being informed about how it could work.
She believed that fatigue was something that happened to her
over which she had no control over herself, and therefore, this
simple tool evoked resistance.
…As if fatigue is a choice. [Patient 3]
Furthermore, she reported that it was shocking to hear that she
could influence the fatigue symptoms herself, especially because
she suffered from fatigue for many years after treatment.
Nevertheless, she indicated that she was curious and might need
some more substantiation before accepting the CBM training.

Preferences With Regard to the Training
In the interviews, a smartphone app was mentioned as the
preferred platform for the CBM training by all the participants.
The training is based on repeated pairing of vitality-related
words (eg, energetic) with “self” and fatigue-related words (eg,
exhausted) with “others” in order to strengthen a vitality rich
self-concept. On a smartphone app, one can simply swipe the
words toward the correct category on the screen instead of
pressing a destined key on the keyboard. The interview
outcomes revealed important requirements to be taken into
account in the development of the app in cocreation. All user
requirements are shown in Table 2.
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Table 2. User requirements for the training based on the interview outcomes.
User requirements

Examples of interview quotes

The app contains an introduction video that explains the rationale …I think that a video and spoken explanation will stick better in mind. [Oncology
behind the training and explains how to perform the training.
Nurse 1]
…It would be important to know the idea behind the swiping task, otherwise it
doesn’t make sense. [Patient 1]
…Maybe I need a little more substantiation. The explanation why this would work.
[Patient 3]
One training session lasts no longer than 5 minutes (ie, no more
than 100 words).

…A training should not last longer than 5 minutes. [Patient Advocate 2]

In the training, the categories are displayed on the top and bottom …I can also imagine that you bring “energy” toward you and push “fatigue”
of the screen.
away from you. [Oncologist]
After completing a training session in the app, a positive message …Simply a “thank you” or “well done” after you finished a session. [Patient 2]
is displayed.
The app includes a progress bar that could be switched on/off.

…That you can see how many words you have swiped. [Patient 3]

The name and appearance of the app are positive, feminine, and
simple.

….It must be positive, but do justice to what people go through. [Patient 3]

The app contains the option to set a daily reminder.

…A reminder would be helpful. I notice that I quickly forget things. [Patient 2]

The app is visually attractive and uses warm colors.

…The more attractive it looks, the more fun it becomes to do the training. [Patient
Advocate 2]
…Use of warm colors is always good. [Patient 2]

The app has a simple layout and is straightforward to use.

…It should be mainly functional. [Oncology Nurse 2]
…Keep it simple and clear. [Oncology Physiotherapist]

Based on the requirements in Table 2, the development of the
eHealth app “IVY” was started, which stands for Implicit
VitalitY. The first version of the app was extensively tested and
reviewed in a second iteration by 2 patients. This study
continued with this version of the app, because no points of
improvement were found.

Implementation of CBM
All health care professionals would recommend the training to
their patients because it is a simple and practical tool.
Participants were asked how the app can be integrated into
regular care so that it becomes a part of daily practice. Multiple
health care professionals mentioned that the app could be
included in the information session that patients attend before
the start of chemotherapy in the neoadjuvant setting.
…A nurse will give them information about
chemotherapy on the basis of the patient information
folder [...] and fatigue is also discussed there. [Nurse
Practitioner]
Professionals expected the app to be helpful.

positive consequences at a later stage. [Patient
Advocate 2]
Nurses indicated they would be open to introduce and explain
the app to patients because it connects to the information that
they already provide and requires only a small time investment.
Although not necessary, they mentioned that they would like
to keep track of the app use once in a while.
…We can give patients some support, by just asking
about it or motivating them. [Oncology Nurse 2]
With regard to actually start CBM training using the app, the
best option was considered to be just before the second
chemotherapy cycle.
…The first time they get chemotherapy they just do
not know what to expect and are often quite scared.
[...] At the start of the second cycle they are usually
much calmer. [Oncology Nurse 2]

Discussion
Summary

…I think that it is pretty good to give nurses a
practical tool to add to the information, that might
help patients on their way. [Nurse Practitioner]
Patient advocates mentioned that the introduction of the app is
crucial.

The aim of this study was to design a CBM training to prevent
chronic fatigue and improve implicit vitality in patients with
breast cancer. This was a cocreation process in which patients,
patient advocates, and health care professionals were involved.

…Everything depends on the explanation and
introduction. I think it is very important to emphasize
that the training can help patients to endure that
phase of therapy better, and perhaps also has some

The first aim was to discover the window of opportunity in the
patient’s journey to offer the CBM training pre-emptively.
Interviews showed that fatigue seems to increase and become
more persistent as chemotherapy continues, which confirms the
findings of previous research studies [30,31]. In line with a
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study by Spichiger et al [32], fatigue seems to be most prevalent
from the third and fourth treatment cycle onwards. Our findings
clearly show that the earliest suitable stage to introduce the
CBM app is shortly after the start of chemotherapy but not
before the first cycle. At this stage, patients have gone through
the initial shock of receiving their diagnosis. They may be less
apprehensive about chemotherapy after having experienced the
first cycle. Additionally, for some patients, the first fatigue
symptoms have already set in, motivating them to engage in a
treatment. However, these findings about the preferred moment
of introduction of IVY does not inform us about the point in
the treatment for achieving the best effects regarding fatigue
symptoms. In this regard, an effect study is needed.

Stakeholder Perspective on CBM Training for Vitality
The second aim was to examine the attitude of the stakeholders
with regard to the concept of CBM in preventing fatigue, which
has not been studied before. Overall, participants showed a
positive, open, and curious attitude toward CBM, with
remarkably little skepticism or resistance. The health care
professionals perceived the training as a simple and useful tool
for providing advice to their patients. The health care
professionals found CBM training to be helpful in providing
patients with something they can do by themselves in this stage.
Patients often feel frustrated and helpless about undergoing
treatment and feel unable to do something about reducing the
side effects such as fatigue in this phase. Offering a simple tool
to tackle fatigue themselves seems to enable patients regain a
sense of self-control, regardless of the actual effects of the
training. An interesting finding was that the CBM concept
evoked resistance in 1 patient. This patient attributed the fatigue
to external factors only and thus was hesitant about the idea that
fatigue can be influenced by oneself. It was shocking for her
that such a simple preventive task could have influenced
fatigue—a symptom that she suffered from for several years
that had forced her to adjust her life completely. This might be
interpreted as the first indication for the beneficial effects of
preventive use of CBM training for vitality in order to buffer
the development of an unbeneficial cognitive bias for fatigue.
However, it should be taken into account that the training can
possibly lead to self-blaming in patients [19]. On the one hand,
self-blaming might lead to negative affect. On the other hand,
blaming oneself might enhance perceptions of control [33].
Nevertheless, it seems relevant to inform patients about the
automaticity and lack of awareness that characterize cognitive
biases to avoid harmful interpretations by patients. Such
educational content might easily be included in the app.
The third aim of this study was to explore the preferences with
regard to the CBM training. A smartphone app was the preferred
platform for the training. Interestingly, participants
spontaneously suggested a vertical positioning of the CBM
categories, with the “Self-Vitality” combination at the bottom
and the “Other-Fatigue” stimuli on top, thereby allowing a more
intuitive swipe movement toward or away from their body
accordingly. Although the self-as-fatigued identity CBM was
originally based on the implicit association test paradigm, this
adds an approach-avoidance mechanism that originates from a
different CBM paradigm [34]. A classical implicit association
test is considered to represent evaluative associations with the
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target—in this case, the concepts of fatigue and vitality, stored
in memory after repeated previous experiences [35]—and is
conceptually most closely related to an attitude as a cognitive
concept [36]. The approach-avoidance task is thought to capture
cognitive embodiment, which is conceptually closer to motoric
impulses [37,38]. By combining both the evaluative conditioning
from the implicit association test paradigm and the motoric
tendencies from the approach-avoidance task paradigm, multiple
mechanisms may be targeted, which could potentially enhance
the effectiveness of the intervention.
Additional requirements that emerged from the interviews can
be explained in the light of the persuasive system design model
[28], which defines several persuasive design principles. From
the category of primary task support, there seemed to be a need
for self-monitoring (progress bar) and reduction (simple layout).
From the category dialogue support, there seemed to be a need
for liking (visually attractive), praise (positive messages), and
a reminder. From the category credibility support, there seemed
to be the need for expertise by offering a good explanation for
the rationale behind the training. No findings related to the
category of social support emerged in line with the individual
nature of the training task. Overall, the simplicity of the training
appeared to be the major strength. This implies that adding
persuasive elements such as gaming features may not improve
usability. In line with Hassenzahl’s hedonic/pragmatic model
of user experience, this suggests that patients expect health
technology to be pragmatic rather than hedonic in nature [39].
Based on all the requirements, the eHealth app IVY was created.
The link to the app is shown in Multimedia Appendix 1. With
regard to the implementation, it is recommended that IVY be
aligned carefully with clinical treatment. Furthermore, it is
recommended that health care professionals are involved to
foster successful implementation. Nurses seemed willing to
provide oral explanation about the app and mentioned that it
could be included in patient education materials.

Strengths of This Study
A strength of this study is the user-centered design approach.
The design of IVY was a cocreation process, involving a broad
range of stakeholders, including patient advocates at an early
stage in order to optimize successful implementation at a later
stage. This study is innovative in multiple ways. First, this study
is the first to develop a CBM intervention for fatigue for patients
with cancer undergoing treatments. Second, this is the first study
that focuses on developing a preventive CBM intervention
instead of working on the existing reactive CBM interventions.
Currently available CBM evidence is limited to attempts to
correct already established maladaptive response tendencies.
However, assuming that the concepts of fatigue and vitality are
to some degree ends of a single dimension, it seems plausible
that training patients toward the positive end would create a
buffer against the development of adverse conditioning later on
during the disease. Even when both concepts would be rather
separate dimensions, strengthening vitality bias may still help
attenuating adverse effects of fatigue bias, as has been shown
convincingly by the two-continua approach in the positive
psychology field: building positive mental health has shown to
reduce the incidence of psychopathology or to protect against
its impact on the quality of life [40,41]. Lastly, by creating a
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mobile CBM intervention, this study is also innovative within
the CBM research field.

Limitations of This Study
A limitation of this study is the small sample size, especially
of the patient group (n=3). However, the patient advocates are
patients with breast cancer too. They were invited as
representatives and stakeholders of BVN. The mean age of the
patients seemed representative, considering the regional hospital
population and in relation to the Dutch Institute for Clinical
Auditing registry. Therefore, our study includes a broader patient
perspective than that based on the input of 3 patients
participating on personal title. This sample is expected to be
sufficient for the goal of this study, which is an intervention
design. Furthermore, health care professionals were able to
position themselves in the place of patients and as such, may
also represent the patient perspective in certain way. Besides,
the reach of saturation in the answers is a valid indicator of
sufficient sample size [42]. Representativeness with regard to
age is a limitation of this study since patients with breast cancer
younger than 40 years or older than 70 years did not take part
in the cocreation of IVY.
The second limitation of this study is that the interviews did not
provide as much information about design and content as was
expected. Participants were overall quickly satisfied and not
very critical. A possible explanation for this is that participants
had no prior knowledge about persuasive elements and simply
had no idea about all the options. Future research studies should
give more examples about persuasive elements to inspire
patients to come up with their own ideas and preferences.
The last limitation of this study is that the verbal stimuli that
are used in the app were not pretested among the participants
of this study. However, the stimuli were collected, pretested,
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and validated in previous studies [43-45] in healthy individuals.
The verbal stimuli were retrieved from both items in validated
questionnaires for measuring the constructs of fatigue and
vitality and from interviews. In this study, no negative responses
to the stimuli were observed, confirming the face validity of
these materials. However, in further cocreation research, it
would be recommended to evaluate these stimuli among this
patient population as well.

Clinical Implications
Patients suffering from fatigue are often reluctant to receive
time-consuming and energy-consuming interventions such as
cognitive behavioral therapy, especially during their treatment.
Moreover, these therapies are not widely available owing to
limited clinical capacities or insurance coverage. This simple
CBM swipe training requires low levels of mental energy and
literacy. Furthermore, patients can complete the training
anywhere and anytime on their own smartphone, which makes
it very time-saving and cost-effective. IVY is expected to be a
low-threshold intervention that is suitable for many people.
When the implicit vitality training shows to be effective, it could
also be applied to other cancer types, populations, or chronic
diseases accompanied with serious fatigue symptoms. The
unique characteristic of IVY is that it can be used as a preventive
intervention in the early stage of cancer treatment unlike most
existing fatigue programs that target already manifested fatigue.
The aim of this psychological conditioning task is that the
self-concept becomes more focused on vitality, which aims to
create a buffer to protect against the fatigue symptoms that will
occur during treatment and recovery. This pro-vitality self-image
will then contribute positively to recovery, promoting behavior,
and to quality of life. Taking into account that fatigue is one of
the most prevalent symptoms in patients with cancer, even small
progress could be clinically relevant.
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Abstract
Background: Adults diagnosed with cancers of the stomach, esophagus, and pancreas are at high risk of malnutrition. In many
hospital-based health care settings, there is a lack of systems in place to provide the early and intensive nutritional support that
is required by these high-risk cancer patients. Our research team conducted a 3-arm parallel randomized controlled trial to test
the provision of an early and intensive nutrition intervention to patients with upper gastrointestinal cancers using a synchronous
telephone-based delivery approach versus an asynchronous mobile app–based approach delivered using an iPad compared with
a control group to address this issue.
Objective: This study aims to explore the overall acceptability of an early and intensive eHealth nutrition intervention delivered
either via a synchronous telephone-based approach or an asynchronous mobile app–based approach.
Methods: Patients who were newly diagnosed with upper gastrointestinal cancer and who consented to participate in a nutrition
intervention were recruited. In-depth, semistructured qualitative interviews were conducted by telephone and transcribed verbatim.
Data were analyzed using deductive thematic analysis using the Theoretical Framework of Acceptability in NVivo Pro 12 Plus.
Results: A total of 20 participants were interviewed, 10 from each intervention group (synchronous or asynchronous delivery).
Four major themes emerged from the qualitative synthesis: participants’ self-efficacy, low levels of burden, and intervention
comprehension were required for intervention effectiveness and positive affect; participants sought a sense of support and security
through relationship building and rapport with their dietitian; knowledge acquisition and learning-enabled empowerment through
self-management; and convenience, flexibility, and bridging the gap to hard-to-reach individuals.
Conclusions: Features of eHealth models of nutrition care delivered via telephone and mobile app can be acceptable to those
undergoing treatment for upper gastrointestinal cancer. Convenience, knowledge acquisition, improved self-management, and
support were key benefits for the participants. Future interventions should focus on home-based interventions delivered with
simple, easy-to-use technology. Providing participants with a choice of intervention delivery mode (synchronous or asynchronous)
and allowing them to make individual choices that align to their individual values and capabilities may support improved outcomes.
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Introduction
Background
Adults diagnosed with cancers of the stomach, esophagus, and
pancreas are at a high risk of malnutrition [1-9]. The nature of
upper gastrointestinal (UGI) cancers directly affects digestive
capacity and function due to tumor location and obstruction and
inability to tolerate adequate volumes of oral intake confer risks
of malnutrition, which are exacerbated by oncological,
radiological, and surgical treatments [8,10]. Malnutrition
increases the risk of complications. These include immune
impairment leading to increased risk of infection, treatment
toxicity resulting in dose reductions or cessation of
chemotherapy, loss of muscle mass and decreased strength,
increased complications associated with surgery, more hospital
admissions, longer length of stay with decreased quality of life,
and increased mortality [6,9,11,12].
In many hospital-based health care settings, there is a lack of
systems in place to provide the early and intensive nutritional
support that is required by these high-risk cancer patients. Our
research team conducted a 3-arm parallel randomized controlled
trial (RCT) to test the provision of an early and intensive
nutrition intervention to patients with UGI cancers using a
synchronous telephone-based delivery approach versus an
asynchronous mobile app–based approach delivered using an
iPad compared with a control group to address this issue [13].
A proposed definition of acceptability has been theorized by
Sekhon [14] describing it as “a multi-faceted construct that
reflects the extent to which people delivering or receiving a
health care intervention consider it to be appropriate, based on
anticipated or experienced cognitive and emotional responses
to the intervention.” When we achieve acceptability with trials,
we are more likely to see intervention adherence and
engagement, and the proposed health outcomes of the
intervention are more likely to be realized [15,16].
The majority of patients diagnosed with UGI cancers are aged
over 60 years [17,18]. Given the increasing use of information
and communication technologies (ICTs) such as mobile
telephones, home computers, and the internet to provide health
care, we need to be sure that older adults are not only willing
but also able to use these technologies to receive their health
care. Although these technologies are viewed as a bridge to the
cost inefficiencies of in-person health care, allowing patients
to access health care in their own homes, reducing inequities,
and meeting their unmet health needs, they are potentially very
costly interventions if patients do not accept and engage with
the intervention being delivered [19]. A qualitative study
delivered face-to face interviews with 123 people aged over 60
years examining the use of technology to evaluate their readiness
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to adopt health-related ICT found that increasing age negatively
impacted ICT use, they needed ready access to support such as
a spouse or family member, they were reluctant to adopt new
technologies unless they were convinced of significant benefits,
and their use of ICT was very basic [20]. Overall health was a
moderating factor on ICT use, so the people who are most likely
to benefit were the people least likely to use it [20].
Telehealth feasibility and acceptance have been examined by
many reviews of telephone-delivered health-related
interventions. Telehealth can be delivered via home phone or
mobile telephone, so it has the potential to capture a larger
audience of the population. Cancer-specific telehealth, looking
at symptom management during head and neck cancer treatment,
improves patients’ ability to self-manage their disease, including
side effects from aggressive treatment [21]. It also provides
patients with support and security [21]. A systematic review of
22 studies examining cancer survivors’ experience with
telehealth health interventions found that it improved
accessibility, that patients could raise concerns otherwise
difficult to raise, and that it provided a safety net to receive
support where required [22]. Other patients felt that it was time
consuming, an additional burden, impersonal, and not
sufficiently tailored to their individual needs and that lower
engagement was found where the patient and health professional
had not met in person before commencement of telehealth [22].
Another systematic review of telehealth interventions for cancer
patients’ quality of life revealed a statistically significant
improvement in quality of life and improved access to care, and
telephone-based interventions were found to be superior to
internet-based interventions [23]. COVID-19 has resulted in
the rapid adoption of telehealth services to enable remote
delivery of health care to comply with physical distancing laws
and to keep vulnerable patients safe [24,25]. Thus, the impetus
to understand the best way to deliver these services to enhance
acceptability, enhance engagement, and improve patients’ health
care outcomes has become even more urgent.

Objectives
This study aims to explore the overall acceptability of an early
and intensive nutrition intervention delivered via a synchronous
telephone-based approach or an asynchronous mobile app–based
approach.

Methods
This qualitative study was set within a 3-arm RCT that examined
two nutrition service delivery models, using a synchronous
telephone-based approach or an asynchronous mobile app–based
approach, to deliver a standardized early and intensive nutrition
intervention to patients with UGI cancers (esophageal, gastric,
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and pancreatic) close to diagnosis, to determine improvements
in quality of life, the protocol is available [13].

RCT Interventions
The research dietitian contacted participants with their
randomization information and set a date for the completion of
their initial nutrition assessment. For some participants, this
was carried out on the same day as the randomization call. The
18-week intervention commenced as soon as it was practicable
after the participants’ diagnosis, consent, recruitment, and
baseline data collection.

Furness et al

Setting
The participants were drawn from 5 health services, including
3 tertiary public hospitals and 2 private hospitals in Victoria,
Australia.

Participants
Convenience sampling was used to select a group of participants
with similar numbers involved in both the intervention arms of
the overarching research trial.

Procedures

Participants received either intensive weekly or fortnightly
collaborative and individually tailored nutrition interventions
during their interaction with the dietitian. The synchronous
telephone intervention was delivered using the participants’
home or mobile telephone. The mobile app intervention was
delivered using a preexisting mobile app, MyPace. All
participants were offered an iPad (Apple Air 2) device with
internet connectivity prepaid from the study team that could be
used to run the app; however, participants were also permitted
to install the app on their own device, if they preferred to do so.
MyPace allowed a messaging function for the participant and
dietitian to communicate asynchronously and daily reminders
to assist with self-monitoring of weight and completion of
scheduled small steps (goals). Behavior change techniques used
throughout the delivery of interventions in both groups were
taken from the Behavior Change Technique Taxonomy v1 [26].
At the end of the 18-week intervention period, patients were
able to access usual care.

One-on-one recorded semistructured interviews were conducted
by a researcher (CH) via telephone. Interviews were conducted
between September 2017 and June 2019. The interviews were
designed to be completed within 30 minutes to ensure that they
were not overly taxing to the participants.

Design

An interview guide (Table 1) was developed by the researcher
(CH) after feedback from the overarching research trial
investigator team. Interviews were conducted between
September 2017 and June 2019. Immediately at the conclusion
of each interview, the interviewer (CH) made reflective field
notes.

Semistructured individual interviews were used to gather data
from the perspective of participants in each of the intervention
groups of the overarching RCT. The Standards for Reporting
Qualitative Research were used in this study [27].

Method of Approach
At the conclusion of active interventions, a convenience sample
of participants was asked if they would consent to participate
in a postintervention interview with another researcher (CH).
Of those who accepted, their data was entered into an
intervention completion data file with their name, contact details,
and intervention group details. The researcher (CH) contacted
the participants by phone. Participants who did not respond to
the first phone call were then contacted with another follow-up
call, email, or text message. Participants who did not respond
to the follow-up were not contacted again (17/37, 46%).

Measurements

Eligibility
Participants were eligible to participate if they were randomized
into either of the intervention groups of the overarching RCT.
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Table 1. Semistructured postintervention interview questions.
Questions

Logic

As someone who has cancer, what is it like for you managing your nutri- Living with cancer
tion?
Tell me about the experience you had as a participant in this study.
Did it meet your nutritional needs?
•

Relevance to the patient

What was it like for you being contacted by the dietitian frequently?
Tell me what was challenging.
•
Would you change anything (throw something out, add something
•
in?)
What did you like?
•
(iPad group) What was it like learning a new App?
•

Self-management practice

Tell me what it was like communicating with a health profession using
Communication
the phone (or iPad).
What helped or hindered communication between you and the dieti•
tian?
What would have made this experience better for you?
•
Describe any challenges you had communicating with the dietitian.
•
What do you need to facilitate communication?
•
What could we have improved the way we delivered the nutrition to
•
you?
If you could design this service, what would be the key features of the
service?
Tell me about the scheduling of the consultations.
•
How important is flexibility?
•
What could we have done to support you better?
•

Unmet care needs

What motivated you to take part in this study?

Motivation

Is there anything else you’d like to tell me about that relates to your expe- Overall experience
rience throughout the intervention?
What role did your family play in your nutrition care during the study
period?

Social influences

Did you contact the dietitian as often as you wanted to?
What motivated or stopped you from using the app?
•

Contact

Did you have any problems using the app or contacting the dietitian?
If you had problems, what were they?
•
How did you solve the problem?
•

Technical problems

Did any of your family members help you with the app or dietetic consul- Family/career engagement
tations?
How important was it to you to be able to involve someone else in
•
this service?
Would they like to share with me their experience of the intervention?
•

Data Preparation
The recordings of the interviews were transcribed verbatim and
deidentified for analysis. Interview recordings and transcriptions
were stored in a secure cloud-based repository.

Researcher Positioning
The researcher KF is a senior clinical dietitian in general, UGI,
and hepatobiliary surgery at one of the tertiary hospitals in this
study. The delivery of nutrition intervention in the concurrent
intervention study was also conducted by this researcher (KF).
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Reflexivity
As an insider in this research study, KF was deeply embedded
with emotional investment in the provision of health care to the
intervention population and a member of the health professional
team [28]. KF continually evaluated her subjective and
automatic responses and how they were intertwined with how
she ultimately interpreted and actively constructed knowledge
throughout the research process [29].

Rigor
Standardized interview questions were developed before the
commencement of interviews and refined throughout to promote
rigor in data collection. A wide variety of participants across
JMIR Form Res 2021 | vol. 5 | iss. 3 | e23979 | p.177
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both intervention groups with different cancer types, ages, and
genders increased the dependability of the data collection.
Verbatim transcription of interview audio recordings and data
analysis verification by a second author (CH) supported
accuracy and reliability.

Analysis
The data analysis framework was based on the 7 constructs of
the Theoretical Framework of Acceptability: affective attitude,

Furness et al
burden, intervention coherence, ethicality, opportunity costs,
perceived effectiveness, and self-efficacy (Figure 1) [15]. Hand
coding of all interviews was used as the first pass of the
deductive coding of framework constructs. Researchers (KF)
and (CH) met to discuss the coding accuracy of the two
interviews until a consensus was reached. NVivo Pro 12 Plus
was used to sort and analyze the data. This process allowed
coding to be reexamined carefully.

Figure 1. The Theoretical Framework of Acceptability. Data were collected retrospectively and explored using each of the 7 acceptability constructs.

Ethics Approval
Conduct of the study at all sites was approved and reviewed by
the Monash Health Human Research Ethics Committee
(HREC/16/MonH/290). Site-specific authorization has been
granted for all sites (Monash Health, Jessie McPherson Private
Hospital, Cabrini Health, Eastern Health, and Peninsula Health).
Participants provided written informed consent to participate
in the study.

Consent to Publish
Participants provided written informed consent to participate
in the study, which is the approved consent process by the main
ethics committee (Monash Health Human Research Ethics) and
the other sites (Cabrini Health, Eastern Health, and Peninsula
Health).

Data Availability
Where requested by publishers, deidentified participant data
may be stored in a public repository. These data will be
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restricted and deidentified so that combinations of data cannot
be used to potentially identify participants.

Results
Participant Sample
A total of 37 participants consented to be interviewed, and a
total of 20 interviews were completed, providing a total response
rate of 54%. There were 15 participants who were unable to be
contacted via telephone despite consenting to be contacted for
postintervention interviews; these participants were
nonresponders. Two participants subsequently withdrew their
initial consent to participate. All interviews were conducted via
telephone.
Information power was used as a tool to assist with sample size
determination, as described by Malterud [30], which indicates
that lower numbers of participants are required when more
relevant information is held by the sample.
Demographics of the interview sample are shown in Table 2.
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Table 2. Characteristics of the interview sample.
Participant characteristics

Total participants (N=20), n (%)

Telephone (n=10)

Mobile app (n=10)

Female

7 (35)

3

3

Male

12 (60)

7

6

Other

1 (5)

0

1

50-59

5 (25)

3

2

60-69

8 (40)

3

5

70-79

7 (35)

4

3

Gastric

6 (30)

3

3

Esophageal

5 (25)

3

2

Pancreatic

9 (45)

4

5

Year 1-12

8 (40)

4

4

>Year 12

12 (60)

6

6

Gender

Age (years)

Cancer type

Education

a

Baseline Patient-Generated Subjective Global Assessment score
<9

9 (45)

5

4

≥9

11(55)

5

6

9 (45)

5

4

Mortality
a

Patient-Generated Subjective Global Assessment: scores ≥9 indicate a critical need for nutrition intervention and symptom management [31].

There were a total of 20 participants, 10 participants from each
group (7 female, 12 male, and 1 other). Five participants were
aged between 50 and 59 years, 8 were aged between 60 and 69
years, and 7 were aged between 70 and 79 years.

Self-Efficacy, Low Levels of Burden, and Intervention
Comprehension Required for Intervention
Effectiveness and Positive Affect
Participants perceived the intervention as effective when
particular conditions related to the construct of acceptability
were met. They positively viewed the intervention when there
were low levels of participant burden, when they understood
how the intervention worked, when they felt that it aligned with
their value system, and when they were confidently able to
perform the tasks and behaviors required of them. If these
conditions were not met, the intervention was perceived as
having little benefit. This was described more commonly by
the participants in the mobile app group. People felt that their
age, skill level, and familiarity with technology affected their
participation in the intervention. The introduction of new
technology often did not correspond to their daily habits and
normal behaviors. Therefore, it required them to learn a new
skill and incorporate this into their lives, at the same time as
receiving treatment for cancer. This was often too challenging
for participants and was a significant barrier to engaging in
eHealth interventions. Even when participants had high levels
of technology skill, if the intervention delivered via the mobile
app did not align with their value system of communication,
they were less inclined to use it:
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I’ve learnt so much from interacting with [Dietitian],
and her suggestions to how I can improve my diet
and what have you. I have learnt a lot from her, and
I appreciate that, and I think that’s the best part of
it, that a patient has a chance to interact with a
professional like that, and be able to help themselves.
[Participant 10, 61-year-old female]
I’m at that age where although I understand
computers and I can do just about anything with them,
to me there’s nothing better than sitting down and
having a face-to-face or a voice-to-voice
conversation. So maybe it’s a bit of an age thing with
me. [Participant 1, 70-year-old male]
–Na, not bothering with an app, because I don’t even
have anything on my phone. I’ve got app things there
and stuff I’ve never even looked at them. All these
things pop up and I’m like, “You know what? I don’t
want to be on me phone.” [Participant 4, 71-year-old
female]
Many participants used a family member or spouse or partner
to increase their engagement with the intervention on their
behalf. This occurred in both the synchronous and asynchronous
groups. The burden of the intervention was perceived to be
higher when English was not their first language or when
symptoms from the disease and/or treatment were high. This
was often coupled with lack of self-efficacy and skills to use
technology:
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He didn’t do any of it. He is good on the computer,
but he’s limited, he doesn’t sort of muck around as
much as I do. [Participant 8, 73-year-old male]
For the mobile app group, it was found that ease of use of
hardware and operating systems was important for the
acceptance of the mode of delivery. Participants who chose to
use their own devices instead of the provided iPad had issues
with service delivery, as the app was not supported by Android
devices. Participants who experienced service disruption due
to technical issues with the technology itself, including issues
with loading the app on their home computers, tablets, and
smartphones; logging in; and internet connectivity, became
disengaged and frustrated.
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There was a small subgroup of participants who did not realize
that they were not participating in the intervention as intended,
reflecting that they poorly understood the intervention. They
perceived the intervention as low burden and believed they had
high self-efficacy to complete what was required of them,
resulting in affective attitude and perceived effectiveness. The
intervention was not actually delivered to them as was prescribed
because they did not fully understand the requirements for
complete participation:
I think I was weighing myself twice a week.
[Participant 9, 61-year-old female]
The analysis using the Theoretical Framework of Acceptability
constructs has been illustrated in Table 3.
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Table 3. Analysis using the Theoretical Framework of Acceptability constructs.
Theoretical Definition
framework
of acceptability: construct

Code frequency: for

Defining quote

Affective atti- How an individ- 18 (90)
tude
ual feels about
the intervention

122

“The dietitian was quite competent 12
in answering everything overall over
that 18 weeks and I think she just
kind of set the groundwork for me
and now I kind of know what I need
to do to best look after myself.”
(Participant 14, 78-year-old male)

“It was not important to have any
external information about my
food and my diet because I knew
it myself.” (Participant 13, 71year-old female)

Burden

The perceived
19 (95)
amount of effort
required to participate in the
intervention

32

“I think really important because
31
you don’t have to go anywhere. You
don’t have to look respectable, when
it’s going to an appointment for the
chemo or for the doctors or oncologists et cetera. Just to have that informal phone call, is great.” (Participant 1, 70-year-old male)

“Well, I didn’t really go on the
app at all. I’m not really a technical person.” (Participant 18, 72year-old male)

Ethicality

The extent to
6 (30)
which the intervention has a
good fit with
the individual’s
value system

9

“Well, all I can say is that that was 2
very positive. You know, I was
more than happy with speaking to
[Kate] via the telephone. I didn’t
feel as though I needed to sit across
the desk from anybody and speak
face to face. No, I’m very happy
with it, you know, that mode of
communication.” (Participant 1, 70year-old male)

“I’m at that age where although
I understand computers and I can
do just about anything with them,
to me there’s nothing better than
sitting down and having a faceto-face or a voice-to-voice conversation. So maybe it’s a bit of
an age thing with me.” (Participant 7, 68-year-old female)

Intervention
coherence

The extent to
13 (65)
which the participant understands the intervention and
how it works

17

“Primarily it’s support to patients
with proper diet and maintaining
weight and all that sort of thing.”
(Participant 3, 75-year-old female)

6

“I didn’t access anything, I had
you or somebody ring me up and
we went through the questions
verbally on the phone.” (Participant 10, 61-year-old female)

Opportunity
costs

The extent to
6 (30)
which benefits,
profits, or costs
must be given
up to engage in
the intervention

3

“And you know, I made myself
available. Otherwise, I was always
able to leave her a message. I had
her number and was able to leave
her a message and you know, we
could reconvene at another time.”
(Participant 2, 63-year-old male)

3

“I prefer the phone – because I
don’t have the time.” (Participant
4, 71-year-old female)

Perceived ef- The extent to
17 (85)
fectiveness
which the intervention is perceived as likely
to achieve its
purpose

120

“Well, like I said, (the dietitian)
19
would send me an email and suggest
various things that I can do. And I
emailed her and told her what I was
doing, and she encouraged me to do
those things, because they were important. So, it was a case of between
the two of us, we bounced back on
each other. And I got what I needed
out of it.” (Participant 12, 70-yearold female)

“The small steps thing that I was
supposed to be filling out, I
couldn’t record it every day.”
(Participant 16, 61-year-old
male)

Self-efficacy The partici11 (55)
pant’s confidence that they
can perform the
behavior(s) required to participate in the intervention

14

“No, it wasn’t a problem, because
I’m very tech-savvy, I don’t have a
problem with any computer or
iPad.” (Participant 8, 73-year-old
male)

“I’m 80 darling and I would stuff
it up.” (Participant 5, 79-year-old
male)
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A Sense of Support and Security Through Relationship
Building and Rapport
Participants who engaged well with the intervention frequently
reported feeling a sense of support and security and felt that
someone was there if they needed them. This was built through
the frequent nature of interactions with participants, which
facilitated the formation of a trusting relationship. Participants
eagerly awaited their appointments with the dietitian, and the
cessation of the intervention at 18 weeks shocked and saddened
them, as they felt a keen sense of loss. These psychological and
emotional effects on participants at the conclusion of trials have
been reported in a number of other qualitative articles examining
postintervention transition to usual care, with participants
reporting a sense of loss, disappointment, anxiety, and isolation
[32,33]. This highlights the need to incorporate how to manage
the psychological impacts of abrupt cessation of intensive
interventions on trial participants in the future [33]. Despite this
sense of loss, they also felt well prepared to manage their
nutrition needs moving forward even if more treatment was
planned (eg, additional rounds of chemotherapy). Participants
often shared intimacies of their symptoms that they may have
found embarrassing to discuss without the close rapport and
nature of non-face-to-face interventions where some level of
anonymity was maintained. The conduct of the dietitian
delivering the intervention in both groups was remarked as
important for building rapport. Participants valued what they
referred to as high levels of empathy through nonjudgmental,
kind, and encouraging communication. Furthermore, participants
reported that the strong rapport enabled them to offload their
concerns and reduce their loneliness without burdening those
close to them:
When the dietitian used to ring, she would listen, she
was never judgmental. If I was feeling rotten and I
swore on the phone, she didn’t say anything. It’s a
very lonely journey. [Participant 1, 70-year-old male]
I think it’s benefited us, and him in particular,
because he felt like he had someone watching over
him, in respect of that, and it didn’t cost us anything,
it didn’t take up too much time, and it was a great
help. I felt like it was a guardian angel over him. So,
to have that support, it was wonderful. [Participant
8, 73-year-old male]
I really missed it. I really missed that conversation
via the iPad because I could express myself quite well,
I thought. [Participant 2, 63-year-old male]

Knowledge Acquisition and Learning Enabled
Empowerment Through Self-Management
Participants reported developing knowledge on how to make
appropriate decisions to self-manage their nutrition impact
symptoms and often complex dietary modifications alongside
their treatment. They felt this was through the provision of
supportive, targeted educational contact that was easy for them
to understand with guidance and repeated messaging. Many
participants had a high symptom burden, including fatigue,
anorexia, and diarrhea, many of which were considered very
distressing, reducing their quality of life. Some participants
reported that they initially thought that these were inevitable,
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that they needed to cope with them, and that they could not be
remedied. Participants described that the detailed explanations
of disease process and treatment effects on the body allayed
their anxieties, whereas timely identification and intervention
as a team allowed them to take more control of their symptom
management:
And the body not doing what I was telling it. It was
doing what it wanted to. And tough luck with what I
was thinking, virtually. So that required
understanding, information, and support. [Participant
4, 71-year-old female]
The dietitian was quite competent in answering
everything overall over that 18 weeks and I think she
just kind of set the groundwork for me and now I kind
of know what I need to do to best look after myself.
[Participant 14, 78-year-old male]

Convenience, Flexibility, and Bridging the Gap of
Hard-to-Reach Individuals
Given the physical and psychological burden of cancer
treatment, participants overwhelmingly preferred the
convenience, flexibility, and accessibility of a home-based
intervention. Many people lived far away from tertiary hospitals
where many of their face-to-face health provider interactions
took place, which was a significant burden for these participants.
They expressed the favorable conditions of not having to get
dressed or have a formal appointment, and these synchronous
or asynchronous interactions likely increased their level of
comfort and relaxation with the intervention, particularly related
to information sharing. Most participants did not allude to the
financial ramifications of seeing health care providers, but one
participant saw the benefit of being offered a free service.
Participants in both groups enjoyed the flexibility of being able
to schedule appointments that fit with their lives or to send
messages via the app late at night when they were experiencing
concerns or anxieties, knowing that it would be attended too
quickly. Some participants thought that the 18-week intervention
should have been delivered as 18 individual sessions when they
required it, rather than over consecutive weeks. As they were
in and out of hospital for treatment, they may have missed
weeks, and they felt that 18 weeks did not often cover their
treatment duration:
If I’m worried about something at 10 o’clock at night
I can send an email off and the dietitian will get back
to me the next day. That takes the anxiety out of that
situation I think as much as anything, so it was good.
[Participant 16, 61-year-old male]
You know, some days it’s a struggle to go to the
garage and jump in the car let alone, you know, go
to – go sit in the car for half an hour or 45 min to get
somewhere, it’s just hard to do, so to have that
flexibility of being able to say, you know, well can we
do it on such-and-such a date, yeah, makes a hell of
a difference. [Participant 15, 52-year-old male]
One participant described the requirement to escalate concerns
as they arose via the telephone despite being randomized into
the mobile app group. The store-and-forward nature of the
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mobile app group meant that concerns may not have been
actioned in a period that was deemed fast enough to respond to
urgent issues:
Yes. I suppose I felt like my message was being heard
more urgently if I spoke to someone, rather than just
did it via the app. I don’t know that I had that
confidence that it was going to be picked up straight
away. I suppose that’s just me, I shouldn’t have done
that, but anyway. [Participant 1, 70-year-old male]

Discussion
Principal Findings
Delivery of an early and intensive nutrition intervention via
telephone or mobile app were both largely acceptable delivery
modes for people with UGI cancers. However, it was apparent
that specific requirements need to be met for this to be the case.
Participants required a perception that their self-efficacy was
high, that the intervention was of low burden, and that they
understood what was required of them to feel that the
intervention was acceptable. This led to participants having
positive affect related to the study, and they viewed the
intervention as effective in meeting their needs. Some
participants did not find the mobile app delivery mode
acceptable. They cited their age, perceived and actual skill level,
technological savviness, and delivery mode requiring a
significant shift from normal daily activities as major barriers
to engagement. Adapting the intervention to improve perceived
fit with the individual may include modification of technology
and mobile app with extensive consumer engagement, allowing
people to choose their own delivery mode to suit their
communication preference and allowing participants to choose
the timing and quantity of dietitian contact. Ascertaining whether
participant autonomy in choosing the timing and delivery of
the contact for both delivery approaches would impact the
effectiveness of the nutrition intervention requires further
examination.
To date, few studies have investigated the application of eHealth
during the active treatment phase of cancer, with even fewer
studies using it in the UGI cancer cohort [34]. The penetration
of smartphones in Australia is at an all-time high, with 91% of
the population having a smartphone, including 77% of people
aged over 55 years [35]. This aligns well with the UGI cancer
patient population, where most diagnoses are made in those
aged over 60 years [17,36,37]. Having a smartphone does not
necessarily correlate with the high-level use of the technology
embedded within them. Older adults are the least likely age
group to engage with technology, as they are often late adopters
of new innovations [38,39]. This may be a transient concern as
technology becomes increasingly embedded in our everyday
lives.
Low burden through ease of use was highlighted as an important
consideration for our participants, supported by evidence that
individuals may cease use of technology if the benefits are not
perceived early on in its use [38]. Participants reported issues
with loading the app, logging on, and internet connectivity, all
of which would have increased the burden of use for many
participants unfamiliar with the use of technology. This, in turn,
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may have increased motivational barriers and decreased
self-efficacy. Older people are less likely to ask for help, as they
do not want to burden others despite technical assistance being
offered by the research team [19]. Many of our study participants
required the assistance of family members, such as their spouses,
to undertake the communication element of the intervention on
their behalf when they deemed engaging with the eHealth
component too challenging for them individually; interestingly,
this was predominantly female partners/carers. A study of older
Dutch adults exploring teleconferencing intention and capability
to use found that family support positively impacted frequency
of use and self-efficacy through mastery [40]. Engaging family
members more actively may be an important mechanism to
enhance participants’ use of technology, and it needs to be
considered in intervention delivery in the future.
Participants’ nutrition, symptom, and pharmacological
management information needs were high, and they requested
easy-to-understand, tailored information provided by a confident
and supportive dietitian to enhance their self-management. This
aligns with patients with cancer generally wanting to receive
information that helps them [41]. These aspects of nutrition
intervention delivery are essential to meet the acceptability
constructs of affective attitude and perceived effectiveness. A
survey of 185 patients with cancer exploring satisfaction with
the information provided found that only 50% were happy with
the level and amount of information they were given throughout
their treatment journey [42]. Many of our study participants
required ongoing, repeated messaging throughout the course of
their 18-week treatment journey to actualize self-management.
They found that both methods of delivery allowed them to
communicate better with their dietitian, which enabled shared
decision making.
Limitations of this study include the possibility of selection bias
due to participant mortality before the opportunity to participate
in this evaluative aspect of the overall study. Similarly, the
absence of data from those who were uncontactable and those
who withdrew their consent may also have introduced bias.
Participants who were amenable to participating in the
interviews may have been more likely to view the intervention
positively. There was a risk that people provided obsequious
responses in this study, as the same investigative team that
developed and delivered the intervention conducted this
evaluation. To minimize this potential risk, an investigator who
was not involved in the delivery of the intervention with
participants undertook the data collection interviews. Similarly,
there was a risk that investigators involved in the analysis of
our data may have sought to overplay positive feedback and
underplay negative feedback, as they were involved in the
delivery of the intervention. We verified the data analysis and
coding by a second author who was not involved in the delivery
of the intervention to mitigate this risk.
Future research needs to focus on evaluating the relationships
between acceptability, engagement, and use to ensure that
eHealth nutrition interventions are effective in their intended
health outcomes, both long and short term. Similarly, evaluating
the cost-effectiveness of these interventions will be critical to
inform future uptake of novel eHealth service delivery models.
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Central service delivery models versus those delivered through
individual health services need to be explored in detail.

Conclusions
This study has shown that early and intensive eHealth nutrition
models delivered via telephone and mobile app are acceptable
to patients undergoing treatment for UGI cancers when the core
requirements for individual fit are realized, including
self-efficacy, low levels of burden, and comprehension of the

Furness et al
intervention to bring about effectiveness and positive affect.
Convenience,
knowledge
acquisition,
improved
self-management, and support were key benefits for participants
to engage with eHealth. Future interventions of this nature
should focus on home-based interventions as an adjunct to usual
health care. Simple, easy-to-use technology with technical
support, which allows individual choice with respect to the
mode of delivery of the intervention so that it aligns with the
individual’s intrinsic value system, will enhance acceptability.
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Abstract
Background: Although research shows that there is a need for gender-specific vocational support to help youth with disabilities
find employment, health care providers often report needing more training in this area. Currently, there are no existing educational
simulations of gender-sensitive care within vocational rehabilitation for clinicians who provide care to youth with disabilities.
Therefore, developing further educational tools that address gender-sensitive care could help them enhance the care they provide
while optimizing patient outcomes.
Objective: This study aims to codevelop an educational simulation and identify issues relevant to providing gender-sensitive
care within the context of vocational rehabilitation for youth with disabilities.
Methods: We used a qualitative co-design approach with a purposive sampling strategy that involved focus group discussions
and journal reflections to understand and address issues relevant to gender-sensitive care within vocational rehabilitation for those
working with youth with disabilities. A total of 10 rehabilitation providers participated in two sessions (5 participants per session)
to design the web-based simulation tool. The sessions (2.5 hours each) were audio recorded, transcribed, and analyzed thematically.
Results: Two main themes arose from our analysis of codeveloping a simulation focusing on gender-sensitive care. The first
theme involved the relevance of gender within clinical practice; responses varied from hesitance to acknowledging but not talking
about it to those who incorporated gender into their practice. The second theme focused on creating a comfortable and safe space
to enable gender-sensitive care (ie, included patient-centered care, effective communication and rapport building, appropriate
language and pronoun use, respecting gender identity, awareness of stereotypes, and responding to therapeutic ruptures).
Conclusions: Our web-based gender-sensitive care simulation that addressed vocational rehabilitation among youth with
disabilities was cocreated with clinicians. The simulation highlights many issues relevant to clinical practice and has potential as
an educational tool for those working with young people with disabilities.
(JMIR Form Res 2021;5(3):e23568) doi:10.2196/23568
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Introduction
Background
Within Canada, there are more than 200,000 youth aged between
15 and 25 years who have a disability [1]. Such youth often
encounter significant challenges in finding employment,
including discriminatory attitudes, inadequate transportation,
and inaccessible workspaces [2,3]. Consequently, youth with
disabilities often have higher unemployment rates than those
without disabilities [4]. Focusing on the youth is salient because
many disadvantages are often compounded for those who start
life with a disability or acquire it at an early age [5,6]. For
example, youth with disabilities often encounter challenges with
developmental tasks, social development, and role functioning
[5,7]. In addition, this developmental period is characterized
by identity exploration, instability, and continued development
of executive functioning, which is important for enhancing job
skills and independence [5]. Furthermore, young adulthood is
a critical time for optimizing work-based identities and positive
behaviors [2,7]. Unfortunately, youth with disabilities often do
not receive the appropriate support they need to find meaningful
employment. For example, even though clinicians who work
with such youth acknowledge gender differences within their
practice, many admit to not providing appropriate or
gender-specific support to help them with their vocational goals
[8]. Furthermore, recent research shows that sex-specific
vocational support is needed to help youth as they transition
into employment roles [8,9]. Therefore, further training tools
are needed to help clinicians provide gender-sensitive care in
vocational rehabilitation for youth with disabilities.

Gender and Vocational Rehabilitation for Youth With
Disabilities
Gender plays an important role within vocational rehabilitation
for youth with disabilities. Research shows that gender often
shapes how people with disabilities cope with engaging in
vocational training and employment [8-12]. For example, a
recent systematic review on the role of gender in employment
among youth with disabilities found that young women with
disabilities continue to lag behind their male peers on several
health and social outcomes, including lower employment rates
and multiple forms of discrimination [8,9,13,14]. Young women
with disabilities often encounter particular barriers in career
development, including limited vocational training, lower family
expectations, disability stereotypes, and decreased
self-confidence [15,16]. Although gender is becoming
increasingly important, the intersection of disability and youth
employment has received little attention [17]. Understanding
this intersection is critical because inequalities in employment
are significant for individuals with disabilities who identify as
men, women, gender fluid, or nonbinary [18].
Of the limited research exploring gender and employment
among youth with disabilities, the focus is often on employment
outcomes (eg, working or unemployed) or pay differences [8,9].
Such studies also tend to only look at gender from a binary (ie,
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man or woman) perspective, which is problematic because it
does not capture the diversity of gender identity experiences.
Thus, there is a need for further research to unpack the complex
relationship between gender, vocational rehabilitation, and
employment.
Although there are several systematic reviews focusing on youth
with disabilities and employment, there is very little, if any,
mention of gender [13,17,19-21]. Meanwhile, several studies
highlight the important need for gender-specific vocational
support for youth with disabilities [13,22-24]. Exploring gender
within the context of vocational rehabilitation for youth with
disabilities is important for decision making, enhanced
communication, and engagement in programs and interventions
[25].

Gender-Sensitive Care
Despite the importance of gender (ie, socially constructed roles,
behaviors, and identities) within health care, many health care
providers report that they lack knowledge on how to provide
gender-sensitive care (ie, knowledge and competence about the
role of gender within clinical practice) [26], including within
rehabilitation settings [27]. Such a shortage of knowledge in
this area is concerning because it can influence health outcomes,
health inequalities, incorrect or delayed diagnoses, and
suboptimal therapies [28-30].
Gender-sensitive approaches aim to incorporate specific health
care needs of men and women while aiming to address
gender-based health inequities and methods of transforming
harmful gender norms, roles, and relations while also centering
on promoting gender equality [31]. Gender sensitivity involves
understanding gendered patterns of individual experiences of
boys and men as well as girls and women and the unique
experiences of those who have identities that are nonbinary or
gender fluid; it also considers their morbidity and mortality
while reflecting on the broader sociopolitical and cultural
context of where health care takes place [26,32]. Although
research on gender-sensitive care is increasing, it mainly focuses
on adult and acute care populations, with little mention of
pediatrics or rehabilitation, especially within the context of
vocations [33].
Research consistently highlights that gender plays a critical role
in the incidence, clinical presentation, manifestation, and health
outcomes; yet, youth with disabilities are often viewed and
treated as without gender and asexual [34-38]. For example,
youth who identify as lesbian, gay, bisexual, transgender, or
queer (LGBTQ+) have been largely ignored in vocational
rehabilitation research [8,26,28]. This trend is concerning
because sexual and gender minority groups often encounter
substantial barriers within the health care system including
discrimination, which could affect their health and vocational
outcomes [39-44].
A recent review on gender-sensitive educational interventions
for health care providers found that few studies focused on
rehabilitation care providers and none focused on vocational
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rehabilitation for youth with disabilities. Currently, there are
no existing gender-sensitive care educational simulations within
vocational rehabilitation for clinicians who provide care to youth
with disabilities [28]. Therefore, developing further educational
tools in gender-sensitive care could help them enhance the care
they provide while optimizing patient outcomes.

gender-sensitive care within the context of vocational
rehabilitation for youth with disabilities.

Simulations as a Professional Development Tool

We used an interpretive descriptive qualitative design, which
is particularly valuable in applied clinical health studies [57].
We conducted focus group discussions and participant journal
reflections to understand participants’ experiences and
perspectives of building the simulation. This design was
appropriate because it is consistent with the development of
professional simulation tools [49,53].

There is currently a lack of consensus regarding the best
educational approaches to teach gender-sensitive care [45,46].
One potential way to address the need for further education to
health care providers is through simulations, which refer to
life-like environments and contrived social situations mimicking
problems or conditions arising in professional encounters [47].
Simulations are a critical tool for interprofessional training that
can help health care providers enhance their clinical skills,
teamwork, and communication [48,49]. Research highlights
that simulation-based learning can be a positive educational
experience that enhances patient outcomes [50-52]. Although
health care providers frequently participate in simulations, they
are rarely engaged in the design and development process
[47,53,54]. Including health care providers in building a
simulation, as opposed to just watching or participating in one,
could also help to create relevant scenarios [53,55] while
reinforcing clinical skills [47]. This study aims to involve health
care providers in cocreating simulations.
Our simulation is novel because it was informed by several
needs assessments from both health care providers and youth
perspectives and is one of the first to explore gender-sensitive
care among vocational rehabilitation care providers who work
with youth with disabilities [56]. Developing further training
for health care providers could help address gender-based health
inequalities [46].

Objective

Methods
Design

Sample and Recruitment
This study was conducted at an academic pediatric rehabilitation
hospital located in a large urban center where we received
institutional ethics approval. All participants provided written
consent before taking part following approval by the local
research ethics board. Using a purposive sampling strategy,
participants were recruited through invitation letters, referrals,
or advertisements at a pediatric rehabilitation hospital.
Participants who were interested were screened to meet the
following eligibility criteria: a health care provider, practitioner,
or trainee who had relevant experience in helping young people
with disabilities to find employment. A total of 10 participants
(9 women and 1 man) participated in the simulation build
exercises (5 in each build session; Table 1). Note that not all
participants took part in both sessions. We recognize that the
gender composition of most of the participants in this sample
is female; however, this is consistent with the gender
composition of pediatric rehabilitation care providers [58]. Our
sample size aligns with recommendations for the optimal size
for conducting simulations and focus group methodology
[59,60].

The objective of our study was to codevelop an educational
simulation and identify issues relevant to providing
Table 1. Overview of participants.
Participant

Profession

1

Occupational therapist

2

Occupational therapist

3

Social worker

4

Social worker

5

Social worker

6

Vocational rehabilitation counselor

7

Vocational rehabilitation counselor

8

Occupational therapist

9

Vocational rehabilitation counselor

10

Occupational therapist

Procedure for Developing the Web-Based Simulation
The simulation codevelopment sessions occurred over two
2.5-hour sessions, held in March and November 2019, and were
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facilitated by researchers (ie, the first two authors, SL and KK)
who were certified in SIM-one simulations (ie, briefing,
debriefing, and facilitating). The first session (n=5) focused on
building the simulation scenario content, whereas the second
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session (n=5) piloted the scenario with live actors (ie, simulated
participants) who were trained for their character roles before
participating in the session. The authors had no previous
relationship with the study participants.

First Build Session
The initial discussion with participants was informed by needs
assessments and systematic reviews conducted by our team,
focusing on the role of gender among youth with disabilities
[8,9,13,17,61-64] and health care providers [13,64-66]. The
rationale for this was to share evidence-informed, first-hand
experiences. In particular, our discussion addressed research
evidence about gender-sensitive approaches to engaging youth
in rehabilitation (eg, rapport development, gender role
expectations, self-advocacy, disclosure decisions) and
self-reflection on gender in clinical practice, in addition to the
lived experience perspectives of young people with disabilities.
After giving participants an overview of the topic, we led a
focus group discussion that allowed participants to reflect on
their own clinical experiences regarding gender and share
relevant issues.
Next, we gave participants a brief orientation on the process of
building a simulation, which was led by a professionally trained
simulation educator. We then followed a simulation scenario
template (Multimedia Appendix 1), which guided participants
through the learning objectives for building a simulation. Then
participants were asked to help develop the content for the
simulation by using a template, while a simulation educator and
researchers guided a discussion about what the content would
entail. Participants shared their experiences of how they
addressed their gender in their practice. After the completion
of each simulation, we had a focus group discussion (ie,
simulation debrief) [59] (Multimedia Appendix 2 [53]).
Participants then shared their reactions to the simulation content,
its relevance to health care providers, and any recommendations
they had for further development. After the first simulation
session, the researchers then worked with a simulation educator
and standardized participants to finalize a scenario script. We
also met with a youth who has a disability and who also
identified as transgender, and they provided feedback on our
scenario, which we incorporated into the second build session.

Second Build Session
In the second simulation build session, we described the scenario
template that the participants built in the first session. This
session involved simulated participants who were trained for
their character roles and then piloted the simulation with
feedback from the health care provider participants. We then
piloted the disability disclosure scenario, with feedback from
participants through a guided focus group discussion
(Multimedia Appendix 2). Next, we incorporated all participant
feedback into the final version of the simulation, which will be
filmed for further professional development purposes.

Data Analysis
Both simulation codevelopment sessions were audio recorded,
transcribed verbatim, and verified by the researchers who
attended the simulation sessions. Two researchers independently
reviewed the transcripts and developed the codes using an
https://formative.jmir.org/2021/3/e23568
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open-coding thematic approach [67]. The research question
guided the analysis, where we looked for codes regarding
gender-sensitive care. This approach involved the first two
authors (with backgrounds in pediatric rehabilitation and
gender-sensitive care) independently reading the transcripts and
familiarizing themselves with the data, generating initial codes,
and revising and defining the themes. We developed a list of
preliminary codes while noting the patterns between them and
then met to compare the codes. During this discussion, we split,
merged, and relabeled codes until we reached an agreement in
the coding tree. Team discussions also helped resolve any
discrepancies in the organization of the themes. We checked
for thematic saturation and felt that this was achieved in our
codes and themes [67,68]. The first author, with experience in
qualitative research, applied the final coding scheme to the
transcripts. Relevant quotes that reflected each theme and
subtheme were extracted [67]. Strategies to enhance rigor and
trustworthiness of the findings included prolonged engagement,
descriptive participant accounts, and peer debriefing discussions
among the research team who have expertise in rehabilitation,
pediatrics, and gender [68]. We also kept notes on key decisions
made throughout the data analysis. The research team also
reflected on their own biases and assumptions and interests in
this topic and how this may have influenced their selection of
the themes, which we noted in our audit trail [67,68].

Results
Overview
Two main themes emerged from our analysis of codeveloping
a simulation on gender-sensitive care within vocational
rehabilitation for youth with disabilities including (1) the
relevance of gender within clinical practice and (2) creating a
comfortable and safe space to enable gender-sensitive care (an
overview of themes and subthemes is given in Multimedia
Appendix 3).

The Relevance of Gender Within Clinical Practice
During the first build session, most participants reflected on the
extent to which gender was addressed within their clinical
practice, ranging from hesitance to acknowledging but not
talking about it to acknowledging and incorporating gender into
practice.

Hesitant and Resistant
In the first build session, many participants resisted the idea
that gender even mattered to their work. For example, one
participant said:
I was sort of initially struggling with reflecting on
this...I don’t think it is ever the first thing in my
mind...I don’t think I necessarily have come across a
blatant difference. [#2, simulation 1]
Some participants hesitated at first about the possibility of
gender differences and the role of gender within health care,
despite learning about evidence of the importance of such
differences. To illustrate, one health care provider reported:
I don’t see there’s a gender difference...I do not make
any distinctions between genders. [#3, simulation 1]
JMIR Form Res 2021 | vol. 5 | iss. 3 | e23568 | p.190
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
Others mentioned that they had never really considered the role
of gender in their practice until participating in this study.
Meanwhile, some participants stated that they considered gender
within their practice but did not notice any gender-related
patterns. For example, one said:
I don’t think about it enough systematically... I’m not
sure I’ve ever noticed anything at the systems level
surrounding gender; Or, that it’s ever been front of
mind in any discussion with any families and youth.
[#1, simulation 1]

Lindsay et al

Creating a Comfortable and Safe Space to Enable
Gender-Sensitive Care
The second main theme involved creating a comfortable and
safe space to enable gender-sensitive care, which included
patient-centered care, effective communication and rapport
building, appropriate language and pronouns, respecting gender
identity, and responding to therapeutic ruptures.

Patient-Centered Care

Gender Is Acknowledged But Not Openly Discussed

Participants highlighted the importance of applying
patient-centered principles in providing gender-sensitive care.
For example, one participant explained:

Some participants noted that gender was sometimes
acknowledged within their practice but rarely explicitly
discussed. For instance, one health care provider described, “at
some level it may connect to gender. I’ve never brought that
out into the open and I never had anyone else bring that into
the open” (#2, simulation 1). Another health care provider
concurred: “It’s interesting in the sense it’s being talked about,
but not directly at the same time” (#5, simulation 1).

How we could enable people to hear and value and
know the person first...sort of a person-centered start
to a therapeutic relationship...We want to maximize
their engagement. [#1, simulation 1]
Another health care provider, who had some informal training
in gender, explained how she also used a patient-centered
approach to create a gender-sensitive environment:

Gender in Clinical Practice
Some participants reported noticing gender differences (mostly
binary) in their practice. For instance, a provider described,
“over time we have possibly seen a slight increase in young
men we’re serving in our programs” (#1, simulation 1). Another
participant shared:
Autism, we do find in terms of diagnoses that females
are diagnosed much older and later in life. Given a
lot of the symptoms are masked...We’re seeing some
differences there. With boys it seems a bit easier...the
age of diagnosis is a bit younger...I’m just realizing
that I am working mostly with males than females.
[#3, simulation 1]
Meanwhile, some participants mentioned gender differences
around safety concerns and parental overprotection, particularly
for female patients. To illustrate, one participant said:
I have families who will say, their experience outside
of home and school the first things on their mind are
around safety and vulnerability in the community...I
can perhaps see a connection to gender because
sometimes individuals have that concern more so for
females. [#1, simulation 1]
Furthermore, some participants noticed patterns in the career
pathways of youth with disabilities, with females sometimes
going into social sciences and males into computers. For
example, a health care provider remarked: “I’m more often
working with young men who are interested in computers and
I don’t think I’ve had a young lady in my career who has said
that’s what she’s dreamt of doing” (#4, simulation 1). The
journal reflections indicated that building a simulation on
gender-sensitive care helped encourage participants to share
their reflections on this topic from an interprofessional
perspective while also learning from each other.

People can easily sense when you’re uncomfortable;
Or, you’re not sure how to approach the situation...It
helps to open up the conversation as clinicians
become more comfortable having a discussion and
often times people don’t open up to others...Maybe
comments and phrases people use that they don’t feel
it’s a safe space...It comes from your authenticity and
how you communicate that. [#5, simulation 1]
Meanwhile, one participant shared how it might be helpful to
use a patient-centered or solution-focused approach:
If they're a little harder to read it shows how we have
to do some exploring...I would make that more
open-ended, like in solution-focused coaching we ask
what are your best hopes? This is what I’m here
for...What are you hoping of getting out of meeting
today? and giving more open-ended questions so it's
giving space for that to come forward. [#2, simulation
2]

Effective Communication and Building Rapport
Health care providers highlighted the importance of providing
a comfortable and safe space that involved effective
communication, developing rapport, listening, and
understanding. Most participants agreed that developing rapport
was the building block for effective communication. For
instance, one participant said:
You have to establish rapport. So, the best, easiest
way to do that from this perspective is to get people
talking about themselves. [#6, simulation 2]
Others agreed:
I don't think you're going to get anywhere without
rapport. [#8, simulation 2]
Another health care provider mentioned how to start the
conversation:
Creating an open space where somebody can tell us
their wishes and how to best support them...That lends
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itself to the conversation about gender...If we foster
those conversations that were based on interests
regardless of whether it is your son or your
daughter...putting it in a neutral way...will give them
the opportunity to explore this for themselves...having
an atmosphere that doesn’t limit by gender. [#4,
simulation 1]
Participants described how their role involves getting patients
to open up and they can do this by communicating effectively
and building rapport. Others concurred that communication and
rapport were important in providing gender-sensitive care. To
illustrate, one health care provider shared:
In this whole process, we are probing for information.
So, we are trying to poke holes at where can I connect
with this person...trying to help them with their
goal...and to get them to open up. [#10, simulation
2]

Appropriate Language and Gender-Related Pronouns
Another part of creating a comfortable and safe space to enable
gender-sensitive care involves using appropriate gender-related
pronouns with patients. For example, one participant shared:
A lot of emphasis is being placed on gender and
specifically on pronoun use and transgender. People
in the program have shared lived experiences, and
being misgendered...adds a lot of expectations that
society might place on somebody thinking you’re
female, but they might not identify as female. [#5,
simulation 1]
Participants described how exploring gender identity might play
out while considering when they might ask patients about
pronouns. For example:
It depends who you're working with, like this client
also seems really shy and quiet so you wouldn’t want
to be like, outright; but sometimes at the beginning,
especially now, it’s happening a lot more; You can
ask people their pronouns, on their forms, but it would
obviously be super awkward. I would not recommend
saying “oh never mind what are your pronouns?”;
because that is kind of weird, but people are asking
now what are your pronouns. [#7, simulation 2]
One participant explained how they would respond if they had
to deal with the issue of completing paper work and identifying
a patient’s gender identity. They said:
I have to submit your information to the government
in order for you to participate in our program. They
have to check male or female or other. So, I see you
checked male. When we interact together do you have
a preferred name that is maybe different than your
legal name? and a preferred pronoun, that may be
different than what you wrote on this form? I have
found that the individuals who are highly politicized
we use language like “this is my identity; this is my
pronoun. I don't identify as...my gender x.” They will
use language like that. [#6, simulation 2]
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Respecting Gender Identity
Creating a comfortable and safe space involved participants
respecting a patient’s gender identity including their values and
preferences. Some participants described their experiences of
working with gender-diverse patients and the potential
challenges of misgendering a patient. To illustrate, one health
care provider explained, “It’s trying really hard to be sensitive
around identifying people with the way they see themselves
and being respectful” (#5, simulation 1).
In the second simulation build session, several participants
debated whether the gender identity of the patient was relevant.
For instance, one participant said, “I wasn't sure when the youth
(i.e., simulated participant) walked in whether or not I could
put them into a category of male or female” (#9, simulation 2).
Some participants commented that patients they know who are
nonbinary are “used to people making assumptions,
misgendering and so on. So, the best thing to do is catch it, as
soon as you can” (#6, simulation 2).
Meanwhile, others described how it can be difficult to know
the gender identity of a patient when there are often only binary
choices (ie, male or female) on their chart, which may have
been checked off by their parents when the child was originally
registered at the hospital at a much younger age.

Awareness of Gender Stereotypes and Gender-Diverse
Clients
Codeveloping a simulation on gender-sensitive care encouraged
clinicians to share their reflections on this topic from an
interprofessional perspective while learning from each other.
For example, clinicians have demonstrated an awareness of
gender stereotypes and gender-diverse clients. One clinician
stated:
I’m certainly sensitive to it if I hear a parent try to
compartmentalize their child...Oh, you’re a girl; you
can’t possibly be a NASA space astronaut...hoping
to not limit people based on gender. [#4]
Others described the experience of working with gender-diverse
patients and the potential problems of misgendering a patient.
To illustrate, one said, “It’s trying really hard to be sensitive
around identifying people with the way they see themselves
and being respectful of that” (#5). Others have explained the
potential problems of misgendering a client. For instance, a
clinician explained:
Given that gender can be a big part of someone’s
identity when someone has been misgendered based
on how they look, you’ve kind of reduced their identity
just to how they look and that makes conversations
difficult. [#3]

Responding to Therapeutic Ruptures
Participants told us how mistakes or “therapeutic ruptures”
could happen as a result of a lack of knowledge about
gender-sensitive care, particularly for patients who identify as
gender diverse. A health care provider explained:
If you have made a mistake and maybe used the wrong
pronoun, I think it’s how you create this space if
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you’re genuinely coming from the place of curiosity
and wanting to learn. Then, often times in my
experience people have been very receptive. [#5,
simulation 1]
Another shared:
Unexpectedness may be something that happens, if
we have two major genders: male and female and
someone brings us a new way of describing
themselves and identifying themselves and having the
language to engage and handle our own response in
the professional and sensitive way...How to fix it, and
how to do it right? [#3, simulation 1]
Participants emphasized the importance of acknowledging any
communication mistakes related to gender and working to
rebuild a rapport with patients. Furthermore, providing
gender-sensitive care involved recognizing and dealing with a
potential unconscious bias. A health care provider shared:
Before we see a client, we look in the file. The first
things we see are their name, age, gender, and
diagnosis...Even noticing in my own practice we have
lots of unconscious biases. I think, I’m going to see
a sixteen-year-old boy with this diagnosis then I have
a sense of this is what they’re going to be like. I do
find myself not really exploring their gender identity
if it’s already stated. However, if it said “other” I
don’t have a lot of experience with, transgender
female or male. I’d be more keen to explore, what is
that like? [#5, simulation 1]
In summary, participants described how important it was for
them to acknowledge any mistakes or therapeutic ruptures
related to gender identity.

Discussion
Principal Findings
Our study addressed an important gap in the literature by
exploring how issues relevant to gender-sensitive care among
vocational rehabilitation care providers within the context of
building a simulation for people working with youth with
disabilities. Focusing on gender-sensitive care is important
because it is a key social determinant of health and a component
of patient-centered care. Offering training in this area for health
care providers could help to address health inequalities and
optimize patient outcomes [46,69]. Our findings showed that
the relevance of gender within clinical practice ranged
considerably from hesitance to acknowledging it but not talking
about it to incorporating gender into their practice. Research
indicates that health care providers need an ongoing awareness
of their values, assumptions, and beliefs and how these relate
to their patients, which may be developed through reflective
practice [53,70]. Furthermore, studies also show that having
knowledge about gender is often associated with more positive
attitudes and enhanced patient care [26,71,72].
Our findings highlight that creating a comfortable and safe space
is a salient aspect of gender-sensitive care. In particular, we
found the following elements to be important for creating a safe
space: patient-centered care, effective communication and
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rapport building, appropriate language and pronoun use,
respecting gender identity, and responding to therapeutic
ruptures. These findings are consistent with culturally sensitive
care models that emphasize the importance of self-awareness
and sensitivity to one’s own values, biases, and power
differences with patients while also understanding their values
and priorities [73,74]. Other research demonstrates the
importance of the awareness of health care providers of any
biases they have because it could influence health care decisions
[75].
Our findings also revealed that addressing therapeutic ruptures
regarding gender, and particularly misgendering someone, was
an important aspect of gender-sensitive care. Our results are
consistent with other research highlighting that failing to identify
a patient by affirming their name and pronoun within a medical
setting can impact patient satisfaction and quality of care,
particularly for LGBTQ+ patients [76]. Gender-related
therapeutic ruptures could be a result of binary documentation
(ie, male or female-only options), which could potentially
misgender a patient, causing stress or stigmatization [28]. It is
important that health care providers address gender diversity in
their clinical practice. The World Health Organization advocates
that sex and gender are addressed both within and outside of
health care [31].
Our results highlight that effective communication is an
important component of gender-sensitive care. This finding
aligns with the principles of patient-centered care and culturally
sensitive care, which require health care providers to be open
to information from patients about their needs, expectations,
and preferences while listening and respecting the patients [77].
Although many clinicians are trained in patient-centered care,
it may be worthwhile to have more specific training in
gender-sensitive care. Research indicates that communication
plays a critical role in therapeutic sessions, ongoing
patient-clinician relationships, and patient satisfaction [77,78].
Effective communication could help health care providers to
better understand patients’ needs and priorities, which could
help them to tailor their recommendations [77].
Most of our findings focused on issues related to gender identity
and, to some extent, gender roles; however, there was little
discussion of gender relations or institutionalized gender (eg,
power relations between men and women) [25]. It is important
to recognize that gender is part of a larger sociopolitical and
cultural context and that health care organizations themselves
are gendered [26]. Surprisingly, few participants reflected on
how their own gender could potentially impact the development
of rapport with patients. Further unpacking this trend is
important because most Canadian health care providers in
pediatric rehabilitation are female, whereas most pediatric
rehabilitation patients are male [79]. In addition, recognizing
gender differences within the health care context along with
understanding the role of one’s own gender within professional
practice are critical for avoiding and reinforcing gender
stereotypes [29,80,81].
Participants in our study had the opportunity to reflect on their
own skills in gender-sensitive care. Building a simulation
(Multimedia Appendix 1) allowed participants to reflect on this
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topic within an interprofessional setting while listening to, and
learning from, other participants and researchers. Participants
identified gender-sensitive approaches by sharing experiences
and perspectives regarding gender within their practice within
the format of building a professional development simulation,
which created an opportunity for participants to work directly
with live simulated participants. Our study is novel in that few
studies have involved simulation facilitators in the process of
building a simulation but instead rely on predeveloped character
roles [49]. Other research shows that using patient narratives is
a useful tool for reflection among health care providers [82].
Our findings were consistent with other studies indicating that
interprofessional discussions of case scenarios helped to broaden
individual perspectives from different professions within a safe
environment [77].

Limitations
Our study has some limitations that are important to
acknowledge. First, the majority of the participants in our study
were women; however, this gender-unbalanced sample reflects
the gender composition of health care providers within pediatric
rehabilitation (ie, majority are women) [58,83]. Second, we
used a small, qualitative sample drawn from one city. Thus,
further testing with a larger sample and long-term outcomes (ie,
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changes in knowledge and practice) are needed. Future studies
should consider evaluating the impact of the simulation on
practices of health care providers. Third, the participants who
chose to participate in our study may have had more of an
interest in or experience with disability and were not
representative of all pediatric rehabilitation health care
providers. In addition, it is also important to recognize that
gender norms and values often vary by culture, which is an area
of further exploration.

Conclusions
This study explored perspectives of health care providers on
relevant issues to provide gender-sensitive care within pediatric
rehabilitation within the context of building a professional
development simulation tool. Our findings showed two key
themes, including the relevance of gender within clinical practice
and creating a comfortable and safe space (ie, practicing
patient-centered care, effective communication and rapport
building, respecting gender identity and being aware of
stereotypes, and responding to therapeutic ruptures) to enable
gender-sensitive care. Future research should consider exploring
the impact that simulations may have on behaviors in clinical
practice.
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Abstract
Background: Traditionally, digital health data management has been based on electronic health record (EHR) systems and has
been handled primarily by centralized health providers. New mechanisms are needed to give patients more control over their
digital health data. Personal health libraries (PHLs) provide a single point of secure access to patients' digital health data and
enable the integration of knowledge stored in their digital health profiles with other sources of global knowledge. PHLs can help
empower caregivers and health care providers to make informed decisions about patients’ health by understanding medical events
in the context of their lives.
Objective: This paper reports the implementation of a mobile health digital intervention that incorporates both digital health
data stored in patients’ PHLs and other sources of contextual knowledge to deliver tailored recommendations for improving
self-care behaviors in diabetic adults.
Methods: We conducted a thematic assessment of patient functional and nonfunctional requirements that are missing from
current EHRs based on evidence from the literature. We used the results to identify the technologies needed to address those
requirements. We describe the technological infrastructures used to construct, manage, and integrate the types of knowledge
stored in the PHL. We leverage the Social Linked Data (Solid) platform to design a fully decentralized and privacy-aware platform
that supports interoperability and care integration. We provided an initial prototype design of a PHL and drafted a use case scenario
that involves four actors to demonstrate how the proposed prototype can be used to address user requirements, including the
construction and management of the PHL and its utilization for developing a mobile app that queries the knowledge stored and
integrated into the PHL in a private and fully decentralized manner to provide better recommendations.
Results: To showcase the main features of the mobile health app and the PHL, we mapped those features onto a framework
comprising the user requirements identified in a use case scenario that features a preventive intervention from the diabetes
self-management domain. Ongoing development of the app requires a formative evaluation study and a clinical trial to assess the
impact of the digital intervention on patient-users. We provide synopses of both study protocols.
Conclusions: The proposed PHL helps patients and their caregivers take a central role in making decisions regarding their
health and equips their health care providers with informatics tools that support the collection and interpretation of the collected
knowledge. By exposing the PHL functionality as an open service, we foster the development of third-party applications or
services and provide motivational technological support in several projects crossing different domains of interest.
(JMIR Form Res 2021;5(3):e24738) doi:10.2196/24738
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Introduction
Overview
Historically, medicine has been largely health care
provider–centered rather than patient-centered [1-3]. However,
the new trend is moving toward incorporating patients' social
and behavioral characteristics into electronic health records
(EHRs) [4]. This combination of medical, social, behavioral,
and lifestyle information about the patient is essential to
facilitate understanding of medical events in the context of one’s
life and, conversely, to allow lifestyle choices to be considered
jointly with that patient’s medical context [5]. This data is
generated over time by patients, their caregivers, and their
providers and is potentially useful to all parties for decision
making [6]. Patients are increasingly frustrated by the lack of
EHR interoperability among fragmented systems and platforms
dictated by providers or insurers, and they have expressed their
needs to have an active role in managing their own health care
data [7-12]. Improved interoperability and support for
patient-provider communication have the potential to improve
patient satisfaction and, evidence suggests, could even help
detect and prevent medical errors [12].
In the field of personal digital health management, we often
distinguish between a health state and a health process [12].
Health state is a digital representation of the patients’ health at
a given point in time, including their prescribed and
over-the-counter medications, test results, exercise regimens,
diets, appointments with providers, and clinical outcomes.
Patients also receive other digital health information through
other communication modalities and from diverse sources.
These data can often come in different formats depending on
their source, including EHRs, family histories, data streams
from activity trackers, published research documents and data
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sets, websites, social media platforms, and videos. A health
state changes over time as data is acquired through ongoing
processes and events embedded within those processes. A
health-related intervention is a process, which could either be
therapeutic or preventive. For instance, an intervention for
self-management of diabetes mellitus (commonly referred to
simply as diabetes) focused on promoting change or changes
in health behavior to improve clinical outcomes is an example
of a preventive intervention. Early interventions are the best
way to prevent the progression of a negative health outcome to
its end stage. Digital interventions through mobile Health
(mHealth) apps can serve as an effective tool in chronic disease
self-management [13]. An integrated personal health library
(PHL) can facilitate the building of mHealth apps by maintaining
a historical digital representation of a patient’s health state from
diagnosis to monitoring and integrating local knowledge about
patients with global web-based knowledge while providing
patients with full ownership of their digital health states.
Applications can process the knowledge stored in the library to
generate intelligent personalized interventions that can help
improve patients’ health state.

Objective
We recently proposed both the conceptualization and initial
implementation plan of a PHL [14,15]. The proposed PHL
architecture (Figure 1) is the first of its kind to incorporate
privacy, data ownership, integration, interoperability, portability,
dynamic knowledge discovery, social determinants of health
(SDoH) [16], and observations of daily living (ODLs) [5] into
an end-to-end framework. In this paper, we provide a thematic
assessment of patient requirements in a PHL, demonstrate how
our proposed PHL meets these requirements, and describe an
mHealth app that queries the PHL to deliver intelligent
recommendations for improving self-care behaviors in diabetic
adults.
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Figure 1. A PHL that leverages the semantic technologies and decentralized privacy and security mechanisms of Social Linked Data (Solid) to enable
true ownership, data integration, interoperability, portability, and dynamic knowledge discovery. The PHL enables building Hybrid mHealth Recommenders
and Digital Librarians (HRDLs). ACL: access control list; API: application programming interface; Bp: blood pressure; DWPC: Diabetes Wellness and
Prevention Coalition; ED: emergency department; LDN: Linked Data Notifications; LDP: Linked Data Platform; LOD: Linked Open Data; mHealth:
mobile health; OWL: Web Ontology Language; PKG: personal knowledge graph; RDF: Resource Description Framework; REST: representational
state transfer; SPARQL: SPARQL Protocol and RDF Query Language; WAC: Web Access Control.

Review of Relevant Literature
To the best of our knowledge, little data exist on the
implementation of PHLs. Barr et al [17,18] proposed the
Audio-PaHL project that utilizes text, audio, and image mining,
natural language processing (NLP), and social network analysis
to integrate audio-recordings of clinic visits into a library. They
link medical terms that appear in the recordings to trustworthy
patient resources, which can be retrieved, organized, edited,
and shared by patients. Their project enables self-management
in caregivers and older adults with multimorbidity. Several other
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researchers have utilized Semantic Web technologies and
techniques to enhance EHRs or build research prototypes that
can be integrated within clinical workflows. Table 1 describes
some of the efforts in this area, including the rationale, the
methods used, the health outcomes on which they focused, and
whether they incorporate PHLs, SDoH, ODLs, and privacy.
These works utilized a mix of Semantic Web and Machine
Learning techniques. Most of these prior studies have
predominantly focused on diabetes as the health outcome of
interest. However, none of them incorporated privacy, SDoH,
and ODLs in an integrated end-to-end framework.
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Table 1. Comparison with existing methods.
Reference

Audio-PaHL

Rationale

Self-management

Barr et al [17,18]

Method

Health outcome

Audio text retrieval

Utilizes a Privacyaware
PHLa

Incorporates

Incorporates

ODLsb

SDoHc

Multiple

Yes

No

No

No

Natural Language Processing (NLP)
Social Network Analysis

PHDd

EHRe Enhancements

Collection of structured
data using standards and
protocols

Multiple

No

Yes

Yes

No

Ralston et al [21]

Self-management

Web-based Interactive
EHR

Diabetes

No

No

Yes

No

PerKApp [22]

Health promotion

Semantic inference and
knowledge representation

Diabetes

No

No

No

No

PHKGf [23,24]

Health promotion

Semantic inference and
knowledge representation

Diabetes

No

No

No

No

kHealth

Early warning decision
support system

Declarative knowledgebased reasoning and machine learning

Asthma

No

No

No

No

Sheth et al [25]
Seneviratne et al [26]

Disease characterization

Semantic inference and
knowledge representation

Breast cancer

No

No

No

No

Chari et al [27]

Treatment recommendations

Knowledge integration

Diabetes

No

No

No

No

Backonja et al [19,20]

a

PHL: personal health library.

b

ODLs: observations of daily living.

c

SDoH: social determinants of health.

d

PHD: Project HealthDesign.

e

EHR: electronic health record.

f

PHKG: personal health knowledge graph.

Efforts to Enhance EHRs
There have been efforts to move EHRs from being mere data
stores to being platforms that provide actionable information
to patients, their caregivers, and health care providers. The
Project HealthDesign program introduced ODLs as a major
component of such enhanced EHR platforms [5,19,20]. Ralston
et al describe a web-based disease self-management platform
based on an interactive EHR that incorporates a diabetes module
[21].

Applications for Promoting Healthy Behavior
Some standalone applications utilize semantic inference and
knowledge representation capabilities for promoting healthy
behavior. For example, the PerKApp [22] leverages augmented
domain knowledge in ontologies as well as reasoning rules to
implement a persuasive platform targeted toward health
promotion in the workplace that monitors employees’ dietary
and physical activity habits and sends interactive messages to
persuade them to change their behaviors. A few studies leverage
the notion of a personal health knowledge graph (PHKG) for
patients that enables them to monitor and self-manage their
chronic diseases while incorporating their ODLs [23,24]. They
utilize knowledge representation to define ontologies and
perform intelligence tasks on top of Resource Description
Framework (RDF) graphs.
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Knowledge Integration for Disease Characterization
Some researchers have combined statistical and machine
learning approaches with knowledge representation approaches.
For example, Sheth et al proposed a knowledge-enabled
approach to health data analytics that combines declarative
knowledge-based models with probabilistic machine learning
models [25]. They developed the kHealth project and deployed
it as an mHealth app for decision support in patients with
asthma. Seneviratne et al developed a semantic end-to-end
prototype for cancer characterization [26]. Their tool utilizes a
cancer staging ontology to aid physicians to quickly stage a new
patient and identify risks, treatment options, and monitoring
plans. Physicians can also restage existing patients or patient
populations, allowing them to find patients whose stage has
changed within a given patient cohort. They applied knowledge
integration by converting a patient’s EHR to an RDF knowledge
graph and perform deductive reasoning to infer the stage of a
tumor.

Applications for Treatment Recommendations Based on
Cohort Characteristics
Chari et al utilized semantic technologies and knowledge
graphs to implement a tool that allows users to quickly derive
clinically relevant inferences about study populations [27]. They
developed a prototype workflow that utilizes an ontology to
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expose population descriptions in research studies through visual
aids. Their goal is to enable physicians to better understand the
applicability and generalizability of treatment recommendations
within clinical practice guidelines.
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The PHL leverages several innovative technologies that were
inspired by the requirements that we identified in the literature.
We highlight some of the relevant efforts undertaken over time,
including protocol specifications, vocabularies, standards, and
technologies to support those requirements. We also introduce
the terminology used throughout the paper, and in the results
section we include several code snippets to illustrate these
technologies.

there are open data sets that can be used for that purpose.
Therefore, there is a need for more automatic tools to support
scientists in pattern discovery, including link predictions or
discovering complex patterns of annotation (eg across multiple
disease conditions and drug interventions). By leveraging LOD,
the PHL enables the mining of data sets that are semantically
annotated with controlled vocabulary terms and concepts (eg,
risk factors) and properties (eg, risk factors associated with a
disease) encoded in ontologies. Through annotations, the PHL
enables a user (eg, a physician) to convey information about a
resource or associations between resources (eg, a tag on a lab
test or image or a comment on a blog post about a research
article). Annotations also help them capture scientific knowledge
and use it as a basis for conducting focused literature reviews
or planning new clinical trials.

Linked Open Data

Representational State Transfer

An abundance of scientific evidence and open data sets are
available on the Web in different formats. To enhance
discoverability and linkability by enabling both humans and
machines to access such data, Berners-Lee proposed the Linked
Open Data (LOD) project, which aimed to make open data
available on the Web as linked data (eg, Bio2RDF) [28]. LOD
is a way of connecting resources located throughout the Web
by establishing a URI for each piece of data and explicitly
stating how they are related to one another. LOD has led the
research community to transform life sciences data sets into
semantic format and make them available on the Web.
LinkedCT, for example, is a ClinicalTrials.gov LOD data set
that defines concepts related to diseases and interventions. The
Linked Open Research (LOR) project leverages the LOD
principles by providing an infrastructure to semantically
represent research artifacts and to connect resources and the
activity around them using notifications and visualizations to
facilitate scientometric studies and decision making. By
leveraging LOD, the proposed PHL simplifies the process of
systematically and dynamically adding typed data relating to
unique health and nonhealth concepts (eg, ODLs and SDoH)
to the patients’ digital health profiles, thereby reducing the effort
needed for both patients and health care professionals to collect
data and understand it, respectively. In addition, by leveraging
the LOR initiative, the PHL enables physicians and patients to
conduct scientific activities by combining global scientific
knowledge discovered on the Web with local knowledge stored
in their own library.

Representational state transfer (REST) is an architectural design
pattern [31] for client-server communication that is centered
around the following principles. First, each piece of content on
the Web (both data and functionality) is considered a resource
with a unique URI that provides a global addressing space for
resource and service discovery. Second, resources are considered
documents acted upon by Web application programming
interface (API) operations (GET, POST, UPDATE, and
DELETE) to manipulate those resources using HTTP as a
communication protocol. Third, resources are decoupled from
their representations, so their content can be accessed in a variety
of formats (HTML, XML, JSON, plaintext, JPEG, PDF, etc).
Finally, Web content should be designed as a network of
resources that link to each other following the Hypermedia as
the Engine of Application State principle. This principle enables
discoverability using hypermedia controls that indicate to the
resource requester a set of actions that are available to them on
that resource as well as the URLs on which those actions can
be performed. APIs using RESTful architecture have been
widely adopted for software-to-software communication across
heterogeneous distributed environments. RDF, the model driving
the Linked Data Platform (LDP), follows the REST principles
of identifying resources by URIs, which facilitates managing
resources via HTTP operations on their URIs. It also enables
hypermedia-based discovery [32]. We follow this approach for
adding, deleting, and updating resources in the PHL. However,
our approach solves the lack of substitutability with non-native
RESTful APIs in current EHR implementations, which often
hinders systems programmed for a specific API task (eg, adding
a resource to Cerner at Hospital 1) from performing that same
task with another incompatible API (eg, adding that same
resource to Cerner at Hospital 2). Solid adopts a pattern-based
approach to API design that enables applications to be
compatible with APIs beyond those for which they were
explicitly programmed [33].

Innovative Technologies Used in The PHL
Implementation

Web Annotation Specification
Annotations are typically used to convey information about a
resource or associations between resources. The Web Annotation
specification [29] describes a structured data model to enable
annotations to be shared and reused across different platforms.
It provides a specific format for creating annotations and
consuming them based on a conceptual model and a set
vocabulary of terms that accommodate a certain use case. One
research challenge is to explore the potentially large number of
annotations to discover patterns that capture semantic knowledge
not only about individual nodes and their connections but also
about groups of related nodes. For example, annotating clinical
trials to look for patterns is an active research area [30], and
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Web-Scale Semantic Querying
The LOD stack (RDF, URIs, and SPARQL [SPARQL Protocol
and RDF Query Language]) makes any piece of data accessible
and queryable on the Web. SPARQL can be used to execute
federated queries across many endpoints on the Web. The most
straightforward technique for accessing LOD data is following
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a URL of an RDF document through a process called
dereferencing, which involves using the HTTP protocol to
retrieve a representation of a resource identified by a URL.
SPARQL endpoints offer interfaces that permit selection of data
in a granular way with the ability to perform complex data
retrieval from multiple personal online data stores (PODs) via
link-following SPARQL. Solid exposes data in a
document-oriented way (RDF) and provides a uniform interface
to query this data.

Federated Linked Data Querying
Federated queries are used to achieve web-scale integration and
interoperability. Executing federated Linked Data queries on
the Web requires accessing multiple data sources, which
involves the discovery of data sources and determining relevant
ones. Researchers have proposed discovery approaches for
Linked Data interfaces based on hypermedia links and controls
and applied them to federated query execution with Triple
Pattern Fragments [34]. SPARQL endpoints are expensive for
the server and not always available for all data sets.
Downloadable dumps are expensive for clients and do not allow
live querying on the web. The Linked Data Fragments
framework enables client-side SPARQL querying of live Linked
Data on the Web and federated querying through a triple-pattern
interface, providing a much faster, less expensive solution [34].
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scenario that motivates the need for a PHL. We explain the
technological infrastructures used to build the PHL platform,
including the Solid platform and knowledge graphs.

Thematic Assessment of Patient Requirements
The patient requirements for a PHL that we identified in the
literature [7-12] fall into three broad themes: (1) construction
and management of the library, (2) dynamic discovery and
integration of new knowledge related to data and types stored
in the library, and (3) the ability to leverage the knowledge
stored in the library through digital interventions (Table 2). We
assessed the technological innovations required to meet those
requirements. To address R1.2 and R3.2, we need an
infrastructure that supports privacy by design. To enable patients
to effectively share data and knowledge, we need a platform
that supports sharing not only with individuals (R5, R11) but
also with organizations (R6) and devices (R10, R13.2). To
enable patients to selectively define and store types of
knowledge or data (R1.3, R3.1), we need to leverage Semantic
Web technologies. Finally, to incorporate dynamic discovery
and knowledge enrichment, we need to store patient’s data using
a KG (R4.1, R4.2) in a machine-readable format. Besides these
functional requirements, the platform should support
nonfunctional requirements, including security, integration, and
interoperability. Our innovative technologies meet all of these
requirements.

Methods
We conducted a thematic assessment of patients' requirements
and used the identified requirements to develop a use case
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Table 2. Some requirements for a PHL (from a patient perspective, per the literature).
Requirement

Description

I. Construction and management of digital health state
R1.1 Integration
R1.2 Security and privacy

Construct a PHLa by bringing a patient’s data together in a trustworthy, usable, and
useful library by gathering different types of knowledge into a single resource

R1.3 Semantic technologies: ontologies
R2 Management:

Manage the PHL by creating, reading, updating, or deleting resources

a. RESTfulb resources
b. CRUDc operations
R3.1 Semantic technologies: ontologies

Decide what types of data should be kept and who has access to that data

R3.2 Privacy:
a. What: resource
b. Who: agent
II. Dynamic knowledge discovery and integration
R4.1 Dynamic knowledge discovery
R4.2 Knowledge enrichment

Seek health data from constantly changing public sources, enriched with new streams
and types of data

R5 Knowledge sharing with individuals

Decide what types of data are important to collect, manage, and share

R6 Knowledge sharing with organizations

Share data with citizen science and research initiatives

III. Processing digital health state (digital interventions/mHealthd apps)
Interaction-based usage
R7.1 Searching
R7.2 Semantic technologies:

Search through the PHL using intelligent mapping for vocabulary used to describe resources in the patients’ profiles

a. Unique resource representation
b. Vocabulary mapping
R8.1 Semantic technologies: annotations

Annotate results from patient’s participation in clinical trials to look for patterns

e

R8.2 AI : pattern detection
Notification-based usage
R9 Dynamic knowledge discovery

Receive alerts about new data related to topics covered in their PHL

R10 Wearable device agents (ODLf data)

Play an active role in staying healthy by monitoring their progress

R11 Knowledge sharing with individuals

Stay current with treatment options and clinical trials for a family member with a debilitating condition

R12 Semantic technologies:

Find and use information including text summarization, knowledge mapping, etc

a. Text summarization
b. Knowledge mapping
R13.1 Intelligent mHealth apps:

Access digital assistance via personalized alerts and suggestions, text summarization,
literacy aids, translations, etc

a. Digital assistants
b. Recommender systems
R13.2 Software agents
a

PHL: personal health library.

b

REST: representational state transfer.

c

CRUD: creating, reading, updating, or deleting.

d

mHealth: mobile health.

e

AI: artificial intelligence.

f

ODL: observations of daily living.
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Scenario
We present a scenario that involves Bob as the main actor and

Ammar et al
Alice and Mary as supporting actors to demonstrate how a
diabetic patient can benefit from the PHL and use the mHealth
app for diabetes self-management (Textbox 1).

Textbox 1. Use case scenario of self-management for a diabetic patient.
Bob is an African American adult with diabetes equipped with a smartwatch and smartphone that collect physiological data (eg, step counts) in real
time. The social app on his smartphone queries his decentralized personal health library (PHL) to deliver tailored push notifications to support behavior
change related to chronic disease self-care. Depending on sensor readings and other information in his PHL, the app provides personalized and tailored
recommendations for healthy eating, physical activity, medication taking, and/or visiting health care providers. The health recommendations also take
into account different characteristics of the nearby points-of-interest. For example, as Bob has another comorbidity (asthma), running activities must
be avoided.
Alice is a patient who is under treatment for cancer and is also part of Bob’s social network. She would like to report acute health conditions and side
effects of using medications by sharing a notepad with her physician.
Mary is a physician who follows up with both Bob and Alice. Through the PHL, she would like to interact with her patients and to be able to access
their test results easily. She would also like to conduct research about their health conditions using the content generated through their PHLs and her
own by tracking publications and scientific observations from trusted public knowledge sources.
A clinic or lab would like to access the PHLs of Alice and Bob to share the results of their lab tests and to follow up on the test and visit history. It
also wants to share those tests with their physician, Mary.

In the following, we describe two of the main technological
infrastructures used to construct, manage, and integrate the types
of knowledge stored in the PHL. Namely, we describe the Solid
platform and the role of personal knowledge graphs in designing
the PHL and the mHealth app.

allocated semantic layer so that changing or reorganizing the
data sources does not cause interruption in the application. Solid
is a stack of protocols and standards, so any mHealth app that
utilizes the PHL will enable users to maintain control of their
data so long as the app is built in a Solid-compatible way.

Social Linked Data (Solid)

Personal Knowledge Graphs

To extend the current functionality of the Web (World Wide
Web Consortium [W3C] standards and protocols) by applying
LOD principles, Berners-Lee proposed the Solid project [35,36].
Solid is shaping the future vision of the decentralized Web (Web
3.0) by enhancing the technologies used to build Web 2.0 while
bringing back the privacy and freedom-oriented values of Web
1.0. Solid uses the WebID specification [37] to implement a
global identity management architecture based on the notion of
decentralized identity providers. Coupled with the WebID-TLS
decentralized authentication protocol, a WebID enables a global
web-scale single sign-on. Moreover, Solid follows a unique
architecture for building applications by separating users’ data
from the applications that use that data, which guarantees not
only privacy and true ownership but also flexibility. Users can
store their data among several Solid-compatible PODs hosted
on Solid-enabled Web servers (Figure 1) that users can either
install on their own machines or obtain from a listed provider
and selectively authenticate applications to access and process
specific resources within those servers. When users register for
an identity, their WebID profile document and associated
cryptographic key is stored on their main POD server (Figure
1). By leveraging Solid, the underlying storage for patients’
digital data in the proposed PHL can be implemented in several
ways, for example, file systems, key-value stores, and relational
or graph database systems (Figure 1). In addition, accessing
physical data and the metadata will be performed through an

A personal knowledge graph (PKG) [38] provides a new
research frontier toward building intelligent applications.
Assembling data from distributed sources is often challenging,
but by leveraging the LOD stack (RDF, URIs, and SPARQL),
our PHL platform can achieve such assembly by building an
RDF representation of a PKG for each patient that maintains a
historical representation of that patient’s digital health state.
Applications can query those graphs to render different aspects
through visual aids and aggregate data by accessing the PODs
of the target patient, PODs belonging to other users, and external
Web resources (Figure 1).
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Results
Summary
We present the results of assessing the requirements in the
previous scenario, the prototype of the PHL and mHealth app,
and our evaluation plan. We follow the three main themes
identified in Table 2 to demonstrate how the different innovative
technologies incorporated into the PHL meet these requirements
through actions performed by the actors in our scenario
(summarized in Textbox 1). In Textbox 2, we distill the most
important requirements that the three actors and the involved
organization or organizations will need in the proposed PHL
and show how we leverage Solid and PKGs, among other
technologies, to achieve those requirements.
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Textbox 2. Requirements identified in the use case scenario from Textbox 1.
Functional requirements:
Agents
•

Device agents (smartwatch, smartphone)

•

Person agents (Mary/physician, Alice/another patient)

•

Organization agents (clinic)

•

Software agents (blogging app, calendar app)

Integrate different types of knowledge from different sources
•

Registries: comorbidity (asthma)

•

Global knowledge: blogs (HTML), articles (PDF)

•

SDoH: neighborhood with low walkability score

•

ODL: healthy eating, physical activity, medication taking, and visiting health care providers

Usage patterns
•

Annotation of research articles and clinical trials

•

Sharing knowledge and resources

Nonfunctional requirements:
Security, privacy, interoperability
•

Clinic and PHL software integration (posting test results)

•

PHL and EHR software integration (patient’s self-reported outcome)

Construction and Management of the PHL
We describe how the three actors in our scenario (Textboxes 1
and 2) can use our platform to construct their PHLs (Figure 2).
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This includes decentralized identity through WebIDs, main and
extended profile documents (Figure 2, F1-F3), trusted agents
(Figure 2, F4), and resource management (Figure 2, F5).
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Figure 2. Main PHL features that meet some of the patients' requirements (Table 2) demonstrated through the PODs of Alice, Bob, and Mary. Bob’s
POD contains his main profile document in RDF-based KG representation. Social interactions within the PHL ecosystem include: (1) Alice and Mary
can subscribe to Bob’s channel using their WebIDs. (2) Alice can share her lab tests by pushing them to Mary’s inbox. (3.1) Alice can share a notepad
with Mary to discuss her lab results. (3.2) Alice can add annotations or comments to message content in Bob’s diabetes channel. (4) Software from a
clinic or other provider can share test results with Alice by performing a POST Web API operation on the unique URI of her inbox. POD: personal
online data store.

Decentralized Identity Through WebIDs
First, the three actors generate unique WebIDs (Figure 2, F1)
to securely log in to their main RDF-based PHL profile
document (Figure 2, F2). Once they set up their main PHL
profiles, they can build a Web of Trust using the FOAF (Friend
of a Friend) vocabulary (eg, foaf:knows) by linking their main
profiles to one or more extended profiles (Figure 2, F3). In their

extended profiles, our actors can keep lists of vCard URIs of
trusted agents and selectively grant them access to content in
their PHL. For example, Bob can create an extended document
in which he stores his friends list (Figures 3 and 4). Once they
set up their profiles, users can manage content within those
documents. In the following section, we explain how Bob
manages content under his PHL and how he adds trusted agents.

Figure 3. Bob’s main PHL profile document with a reference to his friends’ extended profiles.
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Figure 4. Bob’s extended profile document (friends) that identifies Alice and Mary as trusted agents by establishing foaf:knows relations with their
WebIDs.

Hierarchical Resource Representation
Whether it is a person, an inbox, a file, an image, a notification,
or a relationship, content within the PHL is represented as a
collection of Web resources. Patients can organize resources in
their PHL as a hierarchy of nested containers. For example, an
event is nested inside a calendar and a message is nested within
a chat channel. Both containers and resources conform to the
LDP BasicContainer specification. The different actors in our
scenario can start with default containers provided by the PHL.

For example, the inbox container gets created in the PHL as a
default container preconfigured with live notifications. The
patient’s inbox is also discoverable through the ldp:inbox
property specified in the Linked Data Notification (LDN)
specification [39]. Beyond default containers, patients can define
their own resources or containers. For example, Bob can add
the calendar and diabetes folders under his public or private
folders (Figure 5). He can also set up a chat channel about
diabetes as a resource of type LongChat and nest that within
the Diabetes folder (Figure 2, F5).

Figure 5. Hierarchy of containers under Bob’s PHL.

Flexible Data Representations
The PHL supports reading and writing resources in different
formats: (1) structured Linked Data resources (eg, RDF,
HTML+RDFa (RDF in Attributes), etc), (2) binary data (eg,
images, videos, webpages), and (3) non–linked data structured
text. While the PHL enables building applications with
nonlinked resources, using RDF-based linked data provides
extra benefits in terms of interoperability with the rest of the
ecosystem.

Trusted Agents
Agents can be persons, organizations, devices, or software. For
example, Bob can add the clinic as an organization agent, Alice
and Mary as person agents, his mobile phone as a device agent,
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and the diabetes self-management mobile app as a software
agent (Figure 2, F4). Access can be granted either to individual
agents or agent groups. For example, Bob can define two
work-groups (Physicians and Caregivers) in an extended
document (work-groups) (Figure 6). In that document, he can
list Mary and Alice as members using their WebIDs. He can
then grant each of these agent groups fine-grained access
permissions to his shared-notepad resource. Bob can reference
a group as a resource under the work-groups document (Figure
7).
In addition, since he is interested in tracking and gathering data
about diabetes from a blogging app, he can add the app under
the trusted apps section of his extended profile document (Figure
8).
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Figure 6. Bob’s work-groups document that defines Physicians and Caregivers as groups.

Figure 7. Individual and Group authorizations to Bob’s notepad.

Figure 8. Bob’s trusted apps.

Access Control Lists
The PHL uses the W3C Web Access Control (WAC) ontology
to describe Read, Write, Control, and Append access control
modes (eg, acl:mode acl:Read, Figure 9) at the level of a
container or resource. Each resource can have an associated
access control list (ACL) resource. If a container or resource
does not have an ACL, it inherits the authorization of its parent

https://formative.jmir.org/2021/3/e24738

XSL• FO
RenderX

container. For example, the default ACL on the inbox container
is append-only by the public. Bob can associate the lab_test
resource within his inbox with a corresponding ACL resource
(lab_test.acl). Then, within that ACL resource, he can specify
trusted agents and their corresponding access modes. For
example, he can limit access to his friends’ list extended profile
document (Figure 4) by defining an ACL rule using the WAC
ontology (Figure 9).
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Figure 9. An ACL rule granting Read permission to Alice and Mary on Bob’s “Friends” document.

Dynamic Knowledge Discovery and Integration
In this section, we describe how dynamic discovery and
integration can be achieved through linkability, the ability to
interact with the PHL content through annotations, rich
embedding, and social interactions between the different actors
in our scenario.

Linkability
Resources generated by each of the three actors get stored in
their PHLs, with the possibility of linking resources in their
PHLs to resources in other users’ PHLs (Figure 2, F7). For
example, if Alice comments on a message stored under the
diabetes channel resource in Bob’s PHL, her message will be
stored under her PHL but links to Bob’s message using the
hasTarget Link type defined in the Web Annotation Ontology
(WAO) (Figure 10).

Figure 10. Alice’s comment is linked to Bob’s message using the hasTarget link type of the Web Annotation Ontology.

Annotations, Rich Embedding, and Social Interaction
The PHL can be used as a decentralized authoring, annotation,
and social interaction framework that can be accessed from
several platforms (eg, Web browsers and mobile apps). By
implementing the Web Annotation specification [29], the PHL
enables physicians to annotate content within resources stored
under their PHLs. As a physician-researcher, Mary can benefit
from the content generated through her PHL about diabetes. To
this end, she can announce her inbox so she can receive LDN
notifications of scholarly activities related to diabetes (eg,
published articles, annotations in peer reviews [29], scientific
observations). She can add identifiers to important concepts
within her received content (eg, article) and add descriptive
markup to those identified concepts. Her PHL uses the
identifiers to automatically generate URIs for every article
section to make it easy for others to refer to them or link them
to external knowledge resources. Using Mary’s descriptions,
the PHL automatically generates RDFa markup documents, and
by implementing the protocol, it enables her to expose those
generated documents as Linked Data for other researchers to
consume.
The PHL also supports rich embedding, whereby a researcher
or a physician can embed raw data within a document in several
formats and add provenance links (eg, nanopublications). For
example, having Mary as a physician in the chat channel can
add credibility to the discussion and enrich the knowledge
exchanged. She can highlight certain statements exchanged in
a message and correct a misconception. She can also comment
https://formative.jmir.org/2021/3/e24738

XSL• FO
RenderX

on shared knowledge in a particular message and probably refer
patients to more trusted sources of knowledge (eg, Centers for
Disease Control and Prevention, World Health Organization).
Similarly, when Bob receives information about treatment
options from Mary as his physician, he can integrate it with
information obtained from the blogging app. For example, he
can highlight concepts in a blog post relating to diabetes and
related interventions and link them to the same concepts in
Mary’s shared notepad or concepts shared by other users in his
diabetes channel.
Mary, Bob, and Alice can perform social interactions within
the PHL ecosystem in different ways (Figure 2). For example,
(1) Alice and Mary can subscribe to Bob’s channel using their
WebIDs; (2) Alice can share the results of her lab tests by
pushing them to Mary’s inbox; (3.1) Alice can share a notepad
with Mary to discuss digital health knowledge that she obtained
from other sources, and Mary can interact with the content by
adding annotations, refining provenance links, or linking words
to scientific concepts; (3.2) Alice can also add annotations or
comments to message content in Bob’s diabetes channel; and
(4) software from a clinic or other provider can share test results
with Alice. Users get notifications for every activity performed
on content under their PHLs, including annotations, replies,
shares, reviews, citations, links, bookmarks, and even likes.

Data Access Through RESTful HTTP Operations
Data stored in the PHL is managed in a RESTful way; new
resources are created under a container by sending them to the
container’s unique URI via an HTTP POST operation. The PHL
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supports two-way server-to-server and client-to-server
communication. Either way, the requesting agent performs an
HTTP operation on a given resource URI under a given POD
server. Sending lab results from the clinic to Alice’s inbox is
an example of a server-to-server communication. The software
agent (eg, Cerner) hosted on the clinic’s server performs a POST
operation on the /inbox/lab-tests resource on the POD server
hosting Alice’s PHL (Figure 2, step 4). A self-reported outcome
is an example of a client-to-server communication that originates
from a patient’s PHL to external software. For example, Bob
can report an allergy, which generates a POST request on a URI
under the server hosting his EHR.

Ammar et al
Agents do not need to know the internal structure of a patient’s
PHL. Each resource in PHL is its own SPARQL endpoint, which
can be advertised through Link headers that can be discovered
by sending HTTP GET/HEAD operations on the main PHL
URI. Performing a GET operation on any URI that ends with
a * returns an aggregate of all the resources that match the
indicated pattern. For example, to fetch all diabetes
self-management recommendations under Bob’s diabetes
container, an agent can send a single GET request to the
/data/diabetes/* resource on the server hosting his PHL profile
(Figure 11).

Figure 11. A GET request on Bob’s diabetes messages folder under his POD.

Application-to-server communication happens when an
application pushes content to a user’s PHL. Users can interact
with their PHLs through different apps installed on their phones
after signing in using their WebIDs. For instance, when Bob
installs the diabetes mHealth app on his phone,
recommendations are pushed to the corresponding container
within his messaging POD (Figure 1). By signing up, his PHL
sends periodic GET requests to the app to get the latest
recommendations. Similarly, Mary can add follow-up events
using the calendar app of her choice, and that app can share

https://formative.jmir.org/2021/3/e24738

XSL• FO
RenderX

those events by pushing them as resources under Bob’s calendar
container by sending POST requests on that container’s URI.

Prototype Design of the PHL and mHealth App
Figure 12 shows the main interface design of the mobile app
and Figure 13 shows the PHL. Through the PHL, patients can
set their preferences to tailor the content in the desired
recommendations in terms of focus (eg, diet, exercise, and
medication adherence), frame (eg, educational, motivational,
goal-based), and frequency (daily, weekly, etc).
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Figure 12. Mobile app for chronic disease self-management.
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Figure 13. The PHL that enables the app in Figure 12. Through the PHL patients can perform (a) Chronic disease self-management, obtain (b) External
knowledge and resource suggestions, and (c) manage trusted agents. The PHL can personalize recommendations by utilizing knowledge about monitored
ODL readings, location-based detection of SDoH, external knowledge suggestions, and EHRs. Other features include reminders of medications and
shared notepads with physicians.

The app, on the other hand, sends enriched message
recommendations based on patients’ preferences. By accessing
dynamic knowledge in the PHL, the app can provide real-time
hybrid recommendations that are both content- and
context-based. To capture context, the PHL collects both ODL
and SDoH data from activity trackers and population-level
neighborhood characteristics. It utilizes both the data and the
semantic conceptual hierarchies of knowledge types stored in
the library to infer new knowledge and collect more evidence.
For example, if a patient lives in a zip code that has a low
walkability score, the app avoids sending recommendations that
encourage walking in the neighborhood. In addition, if their
device reading shows a high heart rate or if their EHR shows
they have asthma, the app avoids recommendations of physical
activities that would severely affect their health conditions. In
addition to textual message recommendations, the app provides
resource suggestions within the patients' zip code area or
provides language-speaking services that respect their race or
ethnicity.

Sources of Data and Knowledge
The PHL utilizes and integrates data and knowledge from
several sources:
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1. Historical data collected systematically through regional
registries—in the case of the mobile app proposed in this paper,
we utilize the Diabetes Wellness and Prevention Coalition
(DWPC) regional registry, which aims to improve care for
people with obesity, diabetes, and other obesity-associated
chronic conditions. It provides clinical information, including
hospital and clinic visits, as well as labs, diagnoses, and
medications.
2. ODL data collected through mobile devices and activity
trackers, such as physical exercises, heart rate, etc
3. Population-level SDoH data, such as walkability scores in a
neighborhood and access to public transport, among others
4. Public knowledge obtained from research and news articles,
blogs, and social networks

Enabling Technologies for Building the mHealth App
To implement PHL-enabled mobile apps, we will utilize a
RESTful API that will expose the RDF-based PKG data model
stored in a patient’s PHL. We will leverage the Solid technology
stack from within JavaScript-based environments, which will
enable us to integrate data by invoking APIs exposed by
different POD servers. For Linked Data manipulation and
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querying, we will utilize RDFlib and LDflex. We will use the
Solid-authenticated RDFlib API and query engine for advanced
parsing and querying of the patient’s RDF-based PKG data
model stored in a patient’s PHL.
In addition to querying the patient’s local PKG data model, we
will utilize the LDflex domain-specific language to query any
Linked Data resource on the Web, which enables dynamic
external knowledge discovery and integration. LDflex provides
concise expressions that allow us to perform complex federated
query execution without having to craft all HTTP requests
required in a query and without hardcoding resource URLs. We
provided the query engine with the root node (eg, Bob’s
WebID), an entry point (eg, Bob’s inbox/lab_tests/test1), and
a property (eg, testResult) to query Bob’s health knowledge
graph data model. The engine uses the entry point to recognize
the context in which the query is executed and resolves the
expression into an actual path on Bob’s graph. Expression
execution involves several steps: obtaining Bob’s WebID URL,
resolving the terms included in the expressions (eg, lab_test) to
their URLs, creating the SPARQL query that represents the
expression, fetching the document of the root user (Bob) through
an HTTP request, and executing the SPARQL query on the
document and returning the result.

Evaluation Plan
Before fully implementing the PHL and the mHealth app, we
will conduct two evaluation studies. In this section, we provide
a protocol synopsis for each study.

Study 1: User-Centered Design and Formative
Evaluation of the Prototype
The so-called “digital divide” may hinder the adoption of digital
interventions, but the use of human factors engineering can
overcome some of the challenges in that regard [40,41]. We
will conduct a descriptive, iterative, user-centered design and
formative evaluation study by seeking feedback from
pre-development focus groups, specifically participants from
regional hospitals, including patients, caregivers, health care
professionals (clinicians, residents, physicians), and health
education professionals. The goal is to reveal issues related to
the (1) usability, (2) clinical content, and (3) educational content
of both the (a) PHL platform and (b) recommendations produced
by the app. We will organize a workshop to both verify initial
requirements, scenarios, and storyboards and identify new ones.
We will use our findings to refine the initial requirements and
develop new scenarios and generate new storyboard simulations.
We will assign participants to focus groups and run different
scenarios and dashboard simulations by them. We will use the
System Usability Scale and the EHR Usability Scale to gather
feedback [42,43]. Finally, we will apply thematic assessment
to the resulting transcripts and use the results to design the final
PHL and mHealth app following the refined storyboard
simulations.

Study 2: Pragmatic Clinical Trial for Evaluation of the
Digital Intervention
To evaluate the effectiveness of this intelligent digital
intervention compared to existing interventions on the
population of patients with diabetes, we will replicate the
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pragmatic randomized controlled trial design described by
Bailey et al [44], with variations. The three primary outcomes
that we will test are the number of days in the previous week
that participants (1) ate healthy meals, (2) participated in at least
30 minutes of physical activity, and (3) took medications as
prescribed. Participants will be adults age ≥18 years who have
uncontrolled diabetes (A1c≥8), exhibit one or more additional
chronic conditions seen in clinics in medically underserved
areas of the mid-South, and possess a phone with texting and
voicemail capability. Intervention arms will be standard
motivational SMS text messaging (TM) and intelligent
recommendation–enhanced TM (IR-TM), and the control arm
will be usual care. We will capture the patients’ perceptions of
diabetes self-care activities using subscales of the revised
Summary of Diabetes Self-Care Activities questionnaire
administered over the study follow-up period. We will also use
the DWPC registry to obtain clinical data, including A1c, body
mass index, and blood pressure. We will test multiple hypotheses
to determine the comparative effectiveness of the control and
intervention arms for each primary outcome. Sample size and
power estimates for these types of digital interventions will
follow the approach described by Bailey et al [44], with the
assumption that effect sizes will range from small (standardized
difference=0.375) to medium (=0.50). To obtain power
estimates, projected mean changes over 12-month follow-up
from baseline (mean for 12-month follow-up minus mean for
baseline) of the control and intervention arms for each primary
outcome will be obtained using results reported in the literature.
We expect the TM and IR-TM arms to have adequate power to
detect meaningful changes from baseline with respect to all
three primary outcome variables compared to the usual care
arm will.

Discussion
Our previous research has identified that minorities and
low-income, underserved communities are disproportionately
affected by chronic diseases [45] such as obesity [46], a risk
factor for diabetes, heart disease, and cancer. In this paper, we
describe a personal health library–enabled mHealth app that
provides hybrid recommendations by incorporating SDoH and
ODLs in addition to digital health information to provide
insights for informing preventive digital interventions in chronic
disease management.
The PHL gathers different types of knowledge into a single
searchable resource. While there has been some effort to build
similar systems, the novelty of the proposed approach lies in
(1) providing a decentralized yet linked architecture; (2)
supporting interoperability, portability, knowledge mapping,
and reasoning by following protocol, format, and vocabulary
standards; (3) building trust with patients by facilitating true
ownership over their data and appropriate reporting; and (4)
giving those patients fine-grained access control mechanisms.
The PHL will not only help patients and their caregivers to
assume a central role in making decisions regarding their health
but also equip health care providers with informatics tools that
will support the collection, interpretation, and dissemination of
the collected knowledge. By moving health care beyond clinical
JMIR Form Res 2021 | vol. 5 | iss. 3 | e24738 | p.215
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settings, clinicians can benefit from the PHL in leading new
treatment regimens and keeping in touch with their patients
between office visits.
Future work will focus on further implementation of an
end-to-end framework of an intelligent recommender and digital
librarian, including text summarization, knowledge mapping,
and personalized resource suggestions. In achieving this goal,
we will incorporate artificial intelligence techniques and
knowledge representation methods that have been successfully
used in our previous works [47,48]. Other ongoing tasks will
include establishing a clinical trial of the app and recruiting
participants to fully evaluate the app. Future work will also

Ammar et al
focus on the enrichment of patients' health knowledge graphs
to improve the reasoning capabilities of the knowledge layer.
Finally, we plan to expose parts of the PHL functionality as an
open service for fostering the development of third-party
applications that may provide motivational technological support
in several national and international projects crossing different
domains of interest. To achieve this, the library will serve as an
API for querying, managing, and using a patient’s health
RDF-based knowledge graph. This will give the community
access to the infrastructure of the library to enable building
applications that benefit from the library for other phenotypes.
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Abstract
Background: Patients with chronic diseases often need to adhere to long-term individualized home exercise programs (HEPs).
Limited adherence to long-term exercise given during physical therapy (PT) visits reduces the capacity of exercise to manage or
improve symptoms related to chronic disease. In addition, a lower socioeconomic status negatively impacts exercise adherence.
To mitigate this, apps that motivate people to exercise could be a viable option. Using an app through telehealth may help adults
with chronic diseases to achieve long-term HEP adherence. However, because apps for rehabilitation are an emerging field, the
feasibility of the app needs to be evaluated.
Objective: To address HEP adherence in participants with chronic diseases who are experiencing financial distress, we aim to
evaluate the feasibility of and satisfaction with the Hudl Technique app and telehealth and satisfaction with PT care and to monitor
HEP adherence and compliance (ie, percentage of participant-recorded videos sent) in participants using the app with telehealth
compared with those using standard HEPs on paper.
Methods: We recruited patients scheduled for outpatient PT. We performed a randomized controlled trial in which the experimental
group received weekly HEP demonstrations through app videos on a tablet with feedback on their self-recorded HEP video
performance from the telehealth physical therapist. The control group received HEPs on paper without feedback, as is customary
in PT practice. Demographic, clinical, and health coverage information was collected for screening and baseline measurements.
Adherence and compliance were evaluated. Both groups completed surveys at 8 and 24 weeks on their satisfaction with PT care,
and the experimental group also completed a survey on their satisfaction with the app with telehealth use. Descriptive and
nonparametric statistics were used for within-group and between-group comparisons and analyzed with JMP, version 13.
Results: Overall, 45 adults with chronic diseases who were experiencing financial distress were randomized into experimental
(23/45, 51%) and control (22/45, 49%) groups, with 74% (17/23) and 86% (19/22) participants completing the 24-week HEP,
respectively. The experimental group had an HEP adherence frequency of 4 (SD 2) to 5 (SD 2) times per week at 8 and 24 weeks
(P=.14), whereas HEP adherence decreased in the control group from 4 (SD 2) to 3 (SD 2) times per week (P=.07), with a
significant difference (P=.01) between groups at 24 weeks. Of the total participants, 68% (15/22) sent videos. They sent 68%
(16/24) of the requested number of videos on average. The average score for PT care satisfaction was maintained at 87% in the
experimental group (P=.99), whereas it decreased from 89% at 8 weeks to 74% at 24 weeks (P=.008) in the control group.
App-related adverse events were not observed.
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Conclusions: The Hudl app/telehealth platform is feasible for delivering HEPs and maintaining HEP adherence in participants
with chronic diseases who are experiencing financial distress.
Trial Registration: ClinicalTrials.gov NCT02659280; https://clinicaltrials.gov/ct2/show/NCT02659280
(JMIR Form Res 2021;5(3):e22659) doi:10.2196/22659
KEYWORDS
chronic disease; spinal cord injury; stroke; telehealth; telemedicine; traumatic brain injury

Introduction
Background
Approximately 200 million Americans have at least one chronic
disease, and 80 million have multiple chronic diseases [1-3].
Patients with chronic health conditions often must adhere to a
long-term individualized home exercise program (HEP) to
manage their symptoms and improve or maintain their
cardiovascular health, flexibility, and/or strength [4]. Most HEPs
are delivered on paper to be practiced at home, and
accountability is checked at the next physical therapy (PT) visit
[5]. However, low HEP adherence is common, especially when
exercising is required over a longer period [4-6]. A recent
meta-analysis in people with chronic health conditions supports
this observation, as the authors reported only 33% full HEP
adherence and 37% partial adherence, with no difference in
adherence when follow-up was done face-to-face or over the
phone [7]. Low HEP adherence is not entirely surprising as it
is challenging for patients to stay on an HEP for an extended
period. In fact, a study showed that patients start to slack in
HEP adherence as early as after 2 weeks [8]. Low HEP
adherence is a serious problem because it will compromise the
improvement or stabilization of chronic health issues.
Exercise adherence is even more negatively impacted when
patients have a lower socioeconomic status [9]. Patients
experiencing financial distress do not have as many options to
manage their chronic disease as do people with a higher
socioeconomic status, who can visit a health club or hire a
personal trainer. Consequently, the health situation of adults
experiencing financial distress can worsen and eventually they
may have to lean on resources from the health care system more
often. This is a serious problem for the patients and for the
health care system. Thus, it is critical for clinics and hospitals
to find alternative options to reach and treat underserved patients
with a challenging socioeconomic status, especially regarding
the long-term management of chronic diseases. More
specifically, there is a need to find an effective delivery method
for HEP that (1) is more inspiring and satisfying to these patients
so that they are motivated to keep practicing at home for an
extended period [10] and (2) can be used as a tool to provide
professional feedback on exercise correctness [5].
To achieve this goal in the long run, Medtronic Philanthropy
funded our exploratory study, titled Expanding Access to
Physical Therapy for Underserved Patients with Chronic
Disease. In this study, we looked into apps on mobile phones
or on touchscreen tablets to determine whether they could
potentially be an effective tool to provide such feedback and
motivation [5,11,12]. Regular feedback from a PT has shown
https://formative.jmir.org/2021/3/e22659
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to be essential to correctly execute the HEP [8,13]. However,
to date, studies in which apps were used for rehabilitation
provided only occasional phone support from a PT or used a
virtual coach to motivate participants to perform the app-based
exercises. These methods limit the extent to which
individualized feedback can be provided [5,10,14]. To overcome
this problem, we have chosen to use the free Hudl Technique
app aiming to help patients with HEP adherence. This app,
originally designed for athletes’ coaches, enables patients and
the PT to record and share exercises on video; most importantly,
it enables the PT to provide individualized feedback on the
patients’ self-recorded videos by using overlaying audio and
visual feedback cues [15]. An additional benefit of using the
Hudl app as a part of telehealth (ie, providing and sending
individualized feedback from a PT to a patient via the Hudl
app) is that this part is reimbursable through Medicaid or similar
health care coverage [16,17], thereby making it available to
patients with lower socioeconomic status who are in need of
follow-up and feedback on their long-term HEPs.
To date, the use of the Hudl app in health care has been limited
because app-based rehabilitation approaches are relatively new.
Only 3 studies have used the Hudl app in sports medicine such
that the app was (1) used to demonstrate features for potential
use in sports medicine [18]; (2) used as a training tool for
athletes to avoid sport-related concussions [15]; or (3) found to
be unreliable for 2D kinematic analysis to evaluate
patellofemoral pain during running compared with a
laboratory-based 3D analysis [19]. In fact, to the best of our
knowledge, no studies have reported the use of the Hudl app
for rehabilitation.

Objectives
Therefore, we aimed to conduct an exploratory study in adults
with chronic diseases who were experiencing financial distress
to investigate whether the Hudl app combined with telehealth
(experimental group) results in better HEP adherence than when
HEP is delivered through the standard paper format (control
group). We defined adults experiencing financial distress as
those receiving Medicaid or similar health care assistance. Over
7 months, we sampled adults with chronic diseases who were
experiencing financial distress by visiting a general outpatient
PT clinic and recruited a total of 45 participants, 38 of whom
were classified as having a neurological chronic disease (stroke,
spinal cord injury, traumatic brain injury, Guillain-Barre
syndrome, or Parkinson disease) and 7 with other types of
chronic diseases, including heart disease, diabetes mellitus, low
back pain, autoimmune disease, and chronic obstructive
pulmonary disease.
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Owing to the limited funding and recruitment setting, the
recruitment results did not allow us to recruit sufficiently large
sample sizes per specific diagnostic category to allow for
separate subanalyses per diagnosis. Nonetheless, we decided to
proceed with this study on the Hudl app with this patient pool
for four reasons: first, as the Hudl app has not been used in
research for rehabilitation purposes, it was essential to determine
whether patients, especially those with neurological chronic
diseases, were able to use the app. Second, it was important to
determine whether patients with financial hardship could use
the app when they may or may not have sufficient Wi-Fi access
at home or may not always have a home. Third, it was important
to determine whether patients would demonstrate long-term
HEP adherence by using the app, beyond the initial period of
enthusiasm for using a new tool. It should be noted that we
followed up the participants for an extended period (ie, 24
weeks). Finally, if those aspects of feasibility were met, we
needed to determine whether our patient pool collectively
achieved better HEP adherence with the use of the app,
compared with when exercises were provided in paper format.
To address these four key components, we incorporated
questions in our survey on the ease of use of the equipment,
Wi-Fi access, HEP adherence, and overall telehealth and PT
satisfaction as patient satisfaction has been linked to the success
of treatment adherence [20-23]. We measured HEP adherence
(ie, how often they practice HEP per week) and compliance in
returning self-recorded videos weekly and sent out a survey at
8 and 24 weeks to inquire about their satisfaction with PT care
and, for the experimental group, their satisfaction with the Hudl
app/telehealth platform in terms of feasibility. The features of
the Hudl app included videos of the physical therapist
demonstrating the exercises and individualized feedback given
by the physical therapist through digital features of the Hudl
app projected on the self-recorded patient videos. We
hypothesize that these unique features of the Hudl app would
likely motivate the participants to stay in the program.

Methods
Recruitment
Between March 10, 2016, and November 5, 2017, we recruited
participants through consecutive sampling who were discharged
from the Hennepin County Medical Center and set to receive
outpatient PT. Inclusion criteria were adults (≥18 years) who
had a chronic disease and financial hardship defined as having
Emergency Medical Assistance, Medical Assistance, Medicaid,
Medicaid MCO (Medicare Contracted Organizations), hospital
discount funding (Hennepin Care), or no insurance as those
health care coverages are assigned only to adults experiencing
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financial distress. We assessed their ability to use a tablet device,
internet features, and the Hudl app. Participants provided written
informed consent. The study was approved by the institution’s
internal review board (HSR#15-4040) and was performed in
accordance with the Declaration of Helsinki.

Study Design
Using a randomized controlled design, 60 sealed envelopes
were used for 1:1 participant allocation. The treating therapist
and data analyst were blinded to the allocation. Through
electronic medical record review, we collected baseline data on
age, sex, race, spoken language, health coverage status reflecting
their financial situation, and diagnosis. The participant’s treating
physical therapist designed and demonstrated the HEP during
the first PT visit. All patients were instructed to perform
exercises daily at home without any equipment.
The control group received individualized HEPs on paper and
did not receive feedback. To maintain the same incentive for
both groups, the control group also received a tablet but without
the Hudl app installed. The participants in the experimental
group received a tablet and were trained on using the Hudl app.
The experimental group received weekly videos with
individualized HEP (ranging between 4 minutes 37 seconds and
9 minutes 23 seconds), as demonstrated by the telehealth
physical therapist. After reviewing the video of the telehealth
physical therapist, the participants video recorded their HEP
performance, showing at least one set of repetitions of all
required exercises. In addition, they reported whether they had
completed all the required sets. The required sets included 3
trials per set for all strengthening exercises (maximum 10
repetitions each) and 3 trials per set for all balance exercises
(maximum 30 seconds each). The telehealth physical therapist
reviewed the content and compliance to the HEPs and created
a critiqued video review using the Hudl app tools (Figure 1).
The most frequently used tools were (1) the voice-over to offer
feedback; (2) the chronometer to record the time required to
perform, for example, a single-limb stance test; (3) the
goniometer to measure joint angles; (4) the visual tool displaying
2 videos side by side to show weekly progress or to compare
the telehealth physical therapist’s video with the participant’s
video, highlighting the differences in execution; (5) the drawing
tool to review the participant’s postural symmetry during
exercises; and (6) the slow-motion video to analyze dynamic
balance and exercise sequences. The participants reviewed the
critiqued video and, within a few days, received a new video
from the telehealth physical therapist with a HEP for the
following week. The participants only received a new video if
they returned a video to a telehealth physical therapist.
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Figure 1. Examples of Hudl app video captures of the telehealth physical therapist’s home exercise program. The telehealth physical therapist used
the tools displayed on the right-hand side of the screen (arrows, plumb line, chronometer, etc) to highlight the parts that participants needed to pay
attention to.

At 8 and 24 weeks, participants completed a questionnaire
anonymously on the web (17/45, 38%) or in paper format
(28/45, 62%) if they had trouble completing the web-based
survey. The survey asked the participants to quantify their
average HEP adherence per week; overall PT satisfaction; and,
for the experimental group, satisfaction with the app and
telehealth use. Scoring for questions ranged from 1 (very
dissatisfied or difficult) to 7 (very satisfied or easy). Overall PT
satisfaction encompassed both the Hudl app with telehealth
platform use and care or feedback from the telehealth physical
therapist and treating PT service for the experimental group and
HEP on paper and the treating PT service for the control group.

Statistical Analysis
Power
The sample size was determined through a priori power analysis
using G.Power 3.1 and based on data from a study with a similar
setup, which reported 71% (SD 25%) training adherence in the
group using a tablet versus 48% (SD 42%) in the group using
a paper version [24]. With 85% power, α=.05, and a 1:1
enrollment ratio, we needed 16 participants per group. We aimed
to recruit at least 5 additional persons per group to account for
a 31% attrition rate, as reported in a previous study [24].

For the 7 questions on app with telemedicine use, we reported
descriptively on the percentage of people who were unsatisfied
(scores 1-3), neutral (score 4), or satisfied (scores 5-7). We used
the McNemar test to evaluate differences in the ratio of people
who were unsatisfied or neutral versus satisfied between 8 and
24 weeks. We reported on the proportion of people filling in
the survey and the percentage of people satisfied with the PT
treatment (scores 5-7). The average score (in percentage) given
on overall PT satisfaction at 8 and 24 weeks was compared
between and within groups.
We compared between- and within-group differences in
percentage HEP adherence (based on the patient-reported
number of sessions completed per week). We calculated the
effect size for between-group differences in HEP adherence at
24 weeks (Hedges g for unequal sample sizes) [27] and
repeated-measures effect size (drepmeas) [28] for within-group
differences in HEP adherence [29].
We calculated the percentage of people returning videos and,
of those participants, how many videos they returned compared
with the requested weekly videos (reported in percentage).

Results

Data Analysis

Demographics and Patient Characteristics

Data were analyzed using JMP, version 13 (SAS Institute Inc,
1989-2007). The Shapiro-Wilk test informed the decision to
conduct t tests versus Mann-Whitney U tests for between-group
comparisons at 24 weeks or a paired t test versus Wilcoxon tests
for within-group comparisons at 8 and 24 weeks. Nominal data
were calculated using chi-square test for between-group
comparisons [25] or with the McNemar test for within-group
comparisons [26].

The CONSORT flowchart (Figure 2) illustrates the steps in the
study. Of the 51 participants approached, 45 were randomized
into experimental (n=23) and control (n=22) groups, and 17 and
19 participants completed the study, respectively. As stated
earlier, of the 45 participants, 38 were classified as having a
chronic neurological disease (stroke, spinal cord injury,
traumatic brain injury, Guillain-Barre syndrome, or Parkinson
disease) and 7 with other types of chronic diseases, including
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heart disease, diabetes mellitus, low back pain, autoimmune
disease, and chronic obstructive pulmonary disease.
Demographic (Table 1) and clinical (Table 2) data were reported
for each group. There were no significant differences between
the groups with respect to age (U=−0.72; P=.47), sex (χ21=1.1;

Van de Winckel et al
P=.30), race (χ21=6.2; P=.29), or language (χ21=5.3; P=.15).
Table 2 details the type of chronic diseases the participants had
and the duration of their chronic disease. Table 2 also mentions
the type of individualized HEPs the participants received to
manage their symptoms or impairments related to the chronic
disease.

Figure 2. The CONSORT (Consolidated Standards of Reporting Trials) flowchart.
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Table 1. Demographic data of the participants per allocated group (N=45).
Categories

Experimental group (n=23)

Control group (n=22)

Statistical testsa

P value

Age (years), mean (SD)

47.26 (13.33)

44.59 (13.79)

U=−0.72

.47

2

Sex, n (%)
Male

16 (70)

12 (55)

Female

7 (30)

10 (45)

Race, n (%)
African

2 (9)

2 (9)

American Indian

0 (0)

1 (4)

Asian

1 (4)

0 (0)

Black

9 (39)

7 (32)

White

9 (39)

5 (23)

Latino

2 (9)

7 (32)

Language, n (%)

a

Amharic

1 (4)

0 (0)

English

21 (92)

16 (73)

Igbo

0 (0)

1 (4)

Spanish

1 (4)

5 (23)

χ 1=1.1

.30

χ21=6.2

.29

χ21=5.3

.15

Statistical tests: the chi-square test was used for sex, race, and language and the Mann-Whitney U test was used for age.
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Table 2. Clinical data of the participants per allocated group (n=45).
Diagnosis

a

Experimental group (n=23)

Control group (n=22)

Type of home exercise program

n (%)

Duration of symptomsa

n (%)

Duration of symptomsa

Autoimmune disease

0 (0)

N/Ab

1 (5)

3.5 months

Stretching, strengthening, and
balance

Chronic obstructive
pulmonary disease

1 (4)

6 years and 2 months

0 (0)

N/A

Stretching and strengthening

DMc

1 (4)

13 years and 8 months

1 (5)

20.5 years

Strengthening and balance

DM and chronic low
back pain

1 (4)

16 years and 9 months

1 (5)

5 years and 2 months for
Strengthening
DM, 3 months for low back
pain

Guillain-Barre syndrome

0 (0)

N/A

1 (5)

3.5 months

Strengthening and assisted mobility

Heart disease

1 (4)

7 years and 7 months

0 (0)

N/A

Stretching, strengthening, balance, and cardiorespiratory interval training

Parkinson disease

1 (4)

4 months

0 (0)

N/A

Stretching, strengthening, and
assisted mobility

Spinal cord injury

3 (13)

Between 3.5 months and 20 2 (9)
years

Between 5 months and 17
years

Strengthening, cardiorespiratory
training, assisted stretching, and
balance

Stroke

6 (27)

Between 3 and 5 months

9 (40)

Between 3 and 5.5 months

Strengthening, cardiorespiratory
training, stretching, balance, assisted mobility, and functional
activity

Traumatic brain injury

9 (40)

Between 3 and 4 months

7 (31)

Between 3 and 5 months

Balance, strengthening, cardiorespiratory training, assisted
stretching, and assisted mobility

For n=1, the duration is the exact duration of that person’s symptom. For n>1, the duration is the range of durations of the symptom.

b

N/A: not applicable.

c

DM: diabetes mellitus.

There were no app-related adverse events. Two participants
died because of unrelated causes before the 24-week
questionnaires were distributed. The electronic medical record
stated that 1 participant (experimental group) died from natural
causes, and the other participant (control group) had a fatal
myocardial infarction.

Primary Outcome
Satisfaction With PT Care and Use of the App and
Telehealth in Terms of Its Feasibility
The average scores (in %) given on the overall PT experience
in both groups were determined. There was no significant
between-group difference at 24 weeks (U=342.5; P=.34). The
within-group average score for PT satisfaction was maintained
in the experimental group at 8 and 24 weeks (87%, SD 21%, to
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87%, SD 19%; Wilcoxon S=−5.50; P=.99) but decreased
significantly over time in the control group (89%, SD 24% to
74%, SD 31%; S=−62.00; P=.008).
The percentage of people who were satisfied to very satisfied
(scores 5-7) with the app and telemedicine use in terms of its
feasibility is shown in Multimedia Appendix 1. There was no
significant change in the ratio of people satisfied versus neutral
or not satisfied between 8 and 24 weeks or between groups on
the overall PT satisfaction question at 8 or 24 weeks. The
percentage of people who were not satisfied (scoring 1-3, which
meant very unsatisfied to a little unsatisfied), neutral (score 4),
or satisfied (a little satisfied to very satisfied, scores 5-7) on all
questions, including the overall PT satisfaction for both groups
are shown in Figure 3.
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Figure 3. Percentage responses in categories unsatisfied (red), neutral (orange), satisfied (green), and no response (blue) from the survey completed
by the experimental and control groups. The experimental group answered 7 questions related to app with telemedicine use, feasibility, and ease of
interaction with the telehealth physical therapist. The eighth question was answered by both groups and pertained to their rating of satisfaction with the
overall physical therapy experience. The answer options ranged from scores 1 to 3 (being not satisfied [scoring very unsatisfied to a little unsatisfied]),
score 4 (neutral), or scores 5 to 7 (satisfied [scoring a little satisfied to very satisfied]) or no response. The question and answer options for each question
are detailed at the bottom of the figure.

HEP Adherence
Owing to the limited funding and recruitment setting, the
recruitment results did not allow us to recruit sufficiently large
sample sizes per specific diagnostic category to allow for
separate subanalyses per diagnosis. Therefore, the experimental
and control groups combined adults who all experienced
financial distress but may have varied in terms of the diagnosis
of chronic disease. The experimental group had an average HEP
adherence of 4 (SD 2) times per week at 8 weeks to 5 (SD 2)
times per week at 24 weeks (drepmeas=0.48). The control group
decreased on average from 4 (SD 2) times per week to 3 (SD
2) times per week. The within-group differences in HEP
adherence were not significant (experimental group S=27.5,
P=.14; control group S=−46.5, P=.07), the latter reflecting a
small effect size drepmeas=0.42. The between-group difference
in HEP adherence at 24 weeks was statistically significant
(U=2.49; P=.01), with a moderate effect size of Hedges g=0.76.
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In total, 67% (12/18) and 82% (14/17) of participants in the
experimental group at 8 and 24 weeks, respectively, were at
least partially HEP adherent (ie, at least 4 times per week)
compared with 70% (14/20) and 42% (8/19) at 8 and 24 weeks,
respectively, in the control group. In the experimental group,
68% (15/22) of participants sent videos back, returning on
average 68% of the requested number of videos (range
25%-100%). Participants did not report problems with Wi-Fi
access at home; however, 43% (10/23) of the participants who
used community-based Wi-Fi reported difficulty in returning
videos because of occasional unreliable Wi-Fi. Participants who
completed HEPs were 100% compliant with the requested
number of trials per exercise and the requested number of
exercises (verified through video recording).
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Discussion
Overview
Given our patient pool of 45 adults experiencing financial
distress, among which 38 had neurological chronic diseases and
7 had other types of chronic diseases described above, we
explored whether the Hudl app with telehealth platform would
be feasible in patients with physical and financial difficulties.
If it proved to be feasible, we then asked if participants who
were using the Hudl app with telehealth platform were able to
maintain their HEP adherence over 24 weeks and whether the
HEP adherence in that group would be higher than that in a
control group that used HEP on paper. We specifically selected
participants who were experiencing financial distress because
our long-term goal is to provide a cost-effective solution to
patients in a lower socioeconomic status to manage their health
effectively, which, in turn, will lead to significant cost savings
for the health care system. This is the first critical step for
achieving such a goal.

Principal Findings
We obtained the following answers to whether the Hudl app
with telehealth platform is feasible: (1) participants were able
to use the app. (2) None of the participants reported problems
with Wi-Fi at home; however, 43% (10/23) of the participants
who used community-based Wi-Fi reported some difficulty
returning videos because of occasional unreliable Wi-Fi. (3)
Participants who used the app with telehealth platform
maintained their HEP adherence over 24 weeks. This period of
HEP adherence was long enough so that any initial excitement
of the novelty should have worn off over time, revealing the
real feasibility of the app/telehealth combination approach over
this prolonged period. (4) There was a statistically significant
difference in HEP adherence between both groups at 24 weeks
because participants who used the app with telehealth
maintained their HEP adherence whereas participants in the
control group decreased in HEP adherence. These results
suggested the overall feasibility of the app/telehealth
combination approach.
In addition, as mentioned in the Introduction section, patient
satisfaction is an important aspect of feasibility, linked to the
success of treatment adherence, and is an important outcome
for quality of health care [20-23]. Care and ease of interaction
with the physical therapist have been shown to be rated of the
highest importance for patient satisfaction [30]. The satisfaction
with PT care dropped significantly in the control group from 8
to 24 weeks. In contrast, we observed that patient satisfaction
was rated high for the group using the app and telerehabilitation,
with one of the highest satisfactions being the care of the
telehealth-PT through 8 to 24 weeks. We believe that the high
satisfaction score was attributed to the specific feedback given
through the various app tools, which were superimposed on the
patient’s self-recorded video.
In summary, this study indicated the feasibility of the combined
app with telehealth approach in a specific group of adults who
experienced financial hardship. The study showed promising
results in terms of HEP adherence for symptoms of participants
who had mostly neurological chronic diseases. These promising
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results justify the validation of this study in a larger cohort to
demonstrate the cost-effectiveness and efficacy of the app with
telehealth in terms of health outcomes in populations with
specific chronic diseases; therefore, these app with telehealth
platforms can be implemented more widely. Implementation
of such strategies in health care would benefit patients because
of reduced costs in involved expenses, including transportation.
In addition, during pandemic periods with requirements for
social distancing or quarantine for high-risk adults, our
combined app/telehealth approach might offer a valuable
alternative to monitor the status of patients who need long-term
follow-up care [31].

Limitations
As mentioned earlier, our patient pool does not have a sufficient
sample size and spectrum of chronic diseases to allow us to
perform subanalyses per diagnosis group. Therefore, we cannot
make any assumptions whether adults with one specific type of
chronic disease would have better HEP adherence with the use
of the Hudl app with telerehabilitation than another type. This
issue should be addressed in future studies.

Comparison With Previous Work
A total of 3 other studies have reported HEP adherence with an
app in adults with a frozen shoulder, diseases involving the
musculoskeletal system, and Parkinson disease [5,10,14]. The
studies in adults with a frozen shoulder or Parkinson disease
used custom software for their apps [5,14], whereas the study
with the musculoskeletal system used an app connected to free
exercises on the web [10]. Participants either did not receive
feedback at all [5], received only periodic phone calls or
motivational text messages [10], or interacted only with a virtual
coach for 5 minutes per exercise session [14]. In all the 3 studies,
the results were reported over 3 to 4 weeks only, which poses
a potential concern in terms of ascertaining whether participants
would keep practicing for the required long-term duration that
goes with managing chronic symptoms. Thus, it is possible that
the excitement of the novelty of the app might have motivated
the participants to follow the program during that time, resulting
in relatively high HEP adherence. In contrast, we monitored
HEP adherence for an extended period (ie, 24 weeks).
The HEP adherence in our experimental group was 67% (12/18)
and 82% (14/17) partial HEP adherence at 8 and 24 weeks,
respectively. Although a direct comparison is not possible
because of the difference in sample size, the adherence
percentages were higher than those reported in a recent
meta-analysis in which 37% partial HEP adherence was reported
in 11 studies, with a total of 1231 adults with chronic diseases
[7]. These studies used traditional approaches of delivering HEP
on paper, and their results were similar even when provided in
different settings—in a center, off-site, or at home—and
irrespective of whether they received phone follow-up at home
[7].

Conclusions
The results from this study indicate that the use of the Hudl app
with telehealth platform is feasible for participants experiencing
financial distress and demonstrate that participants are able to
maintain a high level of HEP adherence when using the app
JMIR Form Res 2021 | vol. 5 | iss. 3 | e22659 | p.228
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compared with when HEP is delivered on paper. Our long-term
goal is to provide a cost-effective solution to adults with lower
socioeconomic status to manage their health more effectively
in the long run in such a way that they can benefit from

Van de Winckel et al
reimbursement through Medicaid or a similar health care
coverage. This project is the first critical step for such a goal,
with promising results justifying the planning of a larger sample
clinical trial.
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Abstract
Background: Hospitalization for acute exacerbation of chronic obstructive pulmonary disease (COPD) is associated with poor
prognosis. eHealth interventions might improve outcomes and decrease costs.
Objective: This study aimed to evaluate the effect of an eHealth program on COPD hospitalizations and exacerbations.
Methods: This was a real-world study conducted from April 2018 to December 2019 in the Bravis Hospital, the Netherlands.
An eHealth program (EmmaCOPD) was offered to COPD patients at risk of exacerbations. EmmaCOPD consisted of an app that
used questionnaires (to monitor symptoms) and a step counter (to monitor the number of steps) to detect exacerbations. Patients
and their buddies received feedback when their symptoms worsened or the number of steps declined. Generalized estimating
equations were used to compare the number of days admitted to the hospital and the total number of exacerbations 12 months
before and (max) 18 months after the start of EmmaCOPD. We additionally adjusted for the potential confounders of age, sex,
COPD severity, and inhaled corticosteroid use.
Results: The 29 included patients had a mean forced expiratory volume in 1 second of 45.5 (SD 17.7) %predicted. In the year
before the intervention, the median total number of exacerbations was 2.0 (IQR 2.0-3.0). The median number of hospitalized
days was 8.0 days (IQR 6.0-16.5 days). Afterwards, there was a median 1.0 (IQR 0.0-2.0) exacerbation and 2.0 days (IQR 0.0-4.0
days) of hospitalization. After initiation of EmmaCOPD, both the number of hospitalized days and total number of exacerbations
decreased significantly (incidence rate ratio 0.209, 95% CI 0.116-0.382; incidence rate ratio 0.310, 95% CI 0.219-0.438).
Adjustment for confounders did not affect the results.
Conclusions: The eHealth program seems to reduce the number of total exacerbations and number of days of hospitalization
due to exacerbations of COPD.
(JMIR Form Res 2021;5(3):e24726) doi:10.2196/24726
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COPD; eHealth; exacerbations; hospitalizations; mHealth
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Introduction
Chronic obstructive pulmonary disease (COPD) is a treatable,
preventable, chronic lung disease that accounts for years lived
with disability [1] and reduced life expectancy [2]. The
prognosis of COPD depends on multiple factors [3]. From
previous research, it is known that hospitalization for an acute
exacerbation of COPD is associated with poor prognosis and
increased risk of death [4]. A substantial proportion of patients
dies within 1 year after being discharged from their first
hospitalization for an exacerbation of COPD [5]. Patients with
COPD Global Initiative for Chronic Obstructive Lung Disease
(GOLD) [6] stages 3 or 4 (severe and very severe airway
obstruction, respectively) have the highest risk for an
exacerbation, although patients with COPD GOLD 2 (moderate
airway obstruction) are also at risk [4]. The costs of COPD rise
with increasing severity of exacerbations, with hospital
admissions accounting for most of these costs [7]. Tools to
prevent or shorten hospital admissions are necessary to slow
down COPD progression and to limit health care costs.
eHealth interventions are promising for improving outcomes
and decreasing costs in chronic diseases, including COPD [8,9].
Different types of eHealth interventions for COPD exist, ranging
from apps to support self-management to telemonitoring
programs in which patients are followed extensively [10].
Diverse outcomes in various settings with a variety of eHealth
interventions have been studied. Previous studies have shown
that eHealth could decrease exacerbations and hospital
admissions in COPD patients [11,12]. Of those studies, one
offered patients who were discharged from the hospital
(admission due to an exacerbation of COPD) an intervention
that included a comprehensive assessment at discharge,
education, an individually tailored care plan, weekly phone
calls, and access to a specialized nurse at the hospital through
an online platform. The intervention resulted in a reduction in
hospital admissions [12]. Another study included patients with
COPD GOLD stages 3 and 4 who were seen by a pulmonologist.
Patients were monitored via home-based telemonitoring that
consisted of a device with a large screen and 4 buttons that
patients used to fill out a daily questionnaire. Patients received
feedback from their device, and the responses were also sent to
a secure data center. The responses were categorized and
prioritized, and respiratory nurses contacted the patients if values
were alarming. After 6 months, there was a decrease in hospital
admissions and exacerbations, and there was a tendency toward
decreased number of days in the hospital and outpatient visits
[13].
It is thought that patients with frequent exacerbations may
benefit more from eHealth programs [14-18]. Despite the
promising results from previous studies, no eHealth programs
were incorporated in the latest COPD statement [6]. Based on
previous research, for the current study, we hypothesized that
giving patients the responsibility to act on signs of a COPD
exacerbation and make them aware of changes in COPD
symptoms and physical activity will influence self-management,
which can lead to a reduction of exacerbations and
hospitalizations. This was incorporated in the EmmaCOPD
eHealth program. A new item in the intervention was the
https://formative.jmir.org/2021/3/e24726
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involvement of informal care givers (“buddies”). The Bravis
Hospital (Roosendaal, The Netherlands) offered COPD patients
who are at risk of exacerbations the possibility to use this
EmmaCOPD program, consisting of an app that includes
questionnaires and an activity coach. This program was designed
to recognize signs of a COPD exacerbation and inform patients
and buddies when symptoms worsened or the number of steps
per day declined.The primary aim of this study was to determine
the effect of EmmaCOPD on the number of days of
hospitalization. The secondary outcome of this study was to
assess the effect of this program on the number of total
exacerbations.

Methods
Study Design
This was a retrospective study with a pre-post research design
using real-world data that were retrieved from the electronic
record system at the Bravis Hospital and from EmmaCOPD.
Data were collected between April 2018 and December 2019
from patients who agreed to participate in EmmaCOPD.
Analyses were performed between January 2020 and March
2020. Due to the retrospective nature of the study and the fact
that this study does not fall under the Medical Research
Involving Human Subjects Act (in Dutch, Wet medisch‐
wetenschappelijk onderzoek met mensen [WMO]), there was
no need for ethical approval. Patients were aware that this
intervention was new in clinical practice. All patients signed
informed consent to use their data for research.

Study Population
Patients could be included if they were treated by a
pulmonologist in the Bravis Hospital. Patients were eligible for
the intervention if they had COPD and if they had at least 2
exacerbations of COPD in the previous 12 months. An
exacerbation was defined as an increase in symptoms that was
more than day-to-day variation combined with prescription of
a course of oral corticosteroids or antibiotics. Patients could
also be included if they were at increased risk of exacerbations
according to their health care provider.
Patients were excluded if they used EmmaCOPD before April
2018, because these patients could already have experienced
the beneficial effects of the intervention. Furthermore, patients
were excluded if they did not own an Android-based smartphone
since the app for the Activity coach was only compatible with
Android-based smartphones.

EmmaCOPD Intervention
Starting in November 2016, the Bravis Hospital (Roosendaal,
The Netherlands) offered patients with COPD who are at risk
for hospitalization due to an exacerbation a new eHealth
program: EmmaCOPD, an app [19] that was designed to
recognize signs of an exacerbation of COPD. EmmaCOPD was
developed by Medicine Men BV (Utrecht, The Netherlands),
with input from patients with COPD and physicians. The app
used questionnaires (to monitor symptoms) and a step counter
(to monitor the number of steps) to detect exacerbations (Figure
1 and Figure 2). Patients received feedback when their
symptoms worsened or the number of steps declined. A “buddy”
JMIR Form Res 2021 | vol. 5 | iss. 3 | e24726 | p.233
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received this information too. A buddy was an informal
caregiver who was close to the patient; this could be a relative,
good friend, or neighbor. Health care professionals could be
contacted by the patient or buddy if the app advised them to do
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so or if the patient or buddy was worried, but health care
professionals were not involved in the fast response (Figure 3).
Health care providers had access to the Emma account, and the
account could be checked if it was needed.

Figure 1. Questionnaire app to monitor symptoms.

Figure 2. Smartwatch with built-in step counter.
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Figure 3. Flow chart with zones, based on questions.

In the program, patients could be in several zones: green, yellow,
orange, or red. At the start of app use, patients were in the “green
zone” (steady state). Every day, patients filled out the BASE
questionnaire of the COPD action plan [20]. In the BASE
questionnaire, patients reported whether they experienced
worsening of COPD symptoms (Figure 3). If symptoms
worsened (eg, shortness of breath; viscous sputum; sputum color
changed to green, brown, or grey; wheezing; cough; fatigue;
activities are difficult due to symptoms; headache; dizziness
while awake or concentration problems), patients entered a
so-called “yellow zone,” and they were advised to read their
individual exacerbation plan and adapt their medication
accordingly. If there was no improvement in 3 days, patients
entered the “orange zone,” and the app advised them to either
take the emergency medication or to contact a health care
professional. When there was an improvement, the patient went
back into the “green zone.” At any time, the buddy received a
signal (SMS, email, app signal, dashboard signal, or a
combination) when the status changed to another color. If the
patient or buddy suspected something serious, they could fill
out (at any time) a second question [20] (PLUS question, see
Figure 3). In response to some answers on the PLUS question
(eg, hemoptoe, fever or too sick to do activities), the patient
entered the “orange zone” (see description earlier in the
paragraph). For answers indicating a potentially life-threatening
situation (eg, very dyspneic, chest pain, confused, forgetfulness,
dizziness, tendency to collapse or loss of consciousness), the
patients entered the “red zone,” and the buddy was advised to
call for an ambulance immediately. Furthermore, patients
completed the Clinical COPD Questionnaire (CCQ) [21] 3 times
on a weekly basis to give insight into their COPD-related health
status.
The Pebble Time, a modern programmable smartwatch that
includes an accelerometer and gyrometer (Bosch Sensortec
BMI160, BOSCH, Germany) was used to signal a decline in
the number of steps. During the first 3 weeks, baseline activity
level was assessed. Thereafter, a physiotherapist set a step goal.
When patients reached this goal, patients were in the “green
https://formative.jmir.org/2021/3/e24726
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zone.” If there was a decline of 20% in the number of steps,
patients received a signal that they entered the “orange zone”;
if there was a decline of 40%, patients were in the “red zone.”
During an onboarding session in the Bravis Hospital, patients
and buddies were prepared for the use of EmmaCOPD. Their
individual exacerbation plan was checked, and an Emma account
was created. Furthermore, the Emma questionnaire app and the
Emma activity coaching companion app were installed on the
patient’s smartphone. The buddy, health care providers,
physiotherapists, and the support department of Medicine Men
had access to the account.

Data Collection
Baseline characteristics of participants were collected from the
electronic health records at the Bravis Hospital. At baseline and
follow-up, exacerbations were collected from the electronic
records. At baseline, the number of exacerbations in the previous
12 months was collected. A mild exacerbation was defined as
a “flare up of COPD symptoms with a change in COPD
medication,” a moderate exacerbation as a “flare up of COPD
symptoms that requires prescription of a course of
corticosteroids or antibiotics,” and a severe exacerbation as a
“flare up of COPD symptoms that led to hospital admission.”
At baseline and follow-up, the number of hospitalizations and
the number of days admitted to the hospital were collected.
GOLD category (A, B, C, and D) at baseline was determined
using the number of exacerbations and modified Medical
Research Council score [6]. Data on how often patients filled
out the questionnaires, results of the CCQ, and how often
patients entered the orange and red zones were collected from
EmmaCOPD.

Power Calculation
From previous research, it is known that of all patients with
COPD GOLD stage 2, 7% was admitted to the hospital. Of all
patients with COPD GOLD stage 3, 18% was admitted. Of all
patients with COPD GOLD 4, 33% was admitted [22]. Since
the target population was treated by secondary care
pulmonology, we estimated that 25% of patients were admitted
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to the hospital within 1 year. The mean number of days admitted
to the Bravis Hospital due to exacerbation of COPD was 6.0
days. When exploring this number of admission days for all
patients, the mean number of days admitted to the hospital
within 1 year was 1.5 days per person per year. In 2014, one of
the goals for the Long Alliantie Nederland was a 25% reduction
in the number of days admitted due to exacerbation of COPD
[23]. The new number of admission days was calculated to be
1.125 days per person per year. With an alpha of 0.05, power
of 80%, mean of 1.5 days (SD 0.75 days) preintervention, mean
of 1.125 days (SD 0.56 days) postintervention, correlation of
0.4, and drop-out rate of 20%, 40 patients were needed with a
follow-up period of 1 year. We expected that we needed 8
months to include the patients.

Statistical Analysis
Descriptive statistics are presented as mean (SD) for continuous
variables with a normal distribution, median (IQR) for
continuous variables without a normal distribution, and
percentages for categorical variables. We used a pre-post
research design. For the postintervention period, the follow-up
duration was calculated as the number of days between the date
of data extraction and the date of inclusion. If a patient died,
the follow-up duration was calculated as the number of days
between the date of death and date of inclusion. We compared
the postintervention period with a preintervention period of 365
days before inclusion in the study. We analyzed the difference
between the first CCQ score and the last CCQ score using
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descriptive statistics. Generalized estimating equations were
used to analyze CCQ change over time. For the analysis of the
effect of the intervention on the number of hospital admissions
and the number of hospital admission days, which can be
conceptualized as count data with repeated intra-individual
measurements before and after initiation of EmmaCOPD, we
used generalized estimating equation models. The distribution
of the data was tested first to check whether the data fitted best
with a Poisson distribution or negative binomial model.
Outcomes are expressed as the incidence rate ratio (IRR). As
explanatory variables, we used the length of follow-up
(log-transformed) and intervention (coded as 0 or 1 for the
preintervention and postintervention periods, respectively).
Additionally, we adjusted for potential confounders of sex and
age (model 2). In a final model, we additionally adjusted for
baseline severity expressed as GOLD category (model 3) and
inhaled corticosteroid use (model 4).
All analyses were conducted in SPSS version 25.0.

Results
Baseline characteristics are presented in Table 1; 29 patients
were included with a mean age of 67.4 years (SD 8.0 years),
mean forced expiratory volume in 1 second % predicted of 45.5
(SD 17.7). In the 12 months before baseline, patients had a
median of 2.0 (IQR 2.0-3.0) severe exacerbations and were
admitted to the hospital for a median of 8.0 days (IQR 6.0-16.5
days).
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Table 1. Baseline characteristics of patients with chronic obstructive pulmonary disease (COPD; n=29).
Patient characteristics

Results

Age (years), mean (SD)

67.4 (8.0)

Sex (women), n (%)

13 (45)

Ethnicity (Caucasian), n (%)

26 (90)

BMI (kg/m2), mean (SD)

27.3 (5.0)

Comorbidity (CCIa score), mean (SD)

2.1 (1.2)

Asthma (yes), n (%)

3 (10)

Smoking status, n (%)
Current

3 (10)

Ex-smoker

25 (86)

Never

1 (3)

Pulmonary medication, n (%)
ICSb mono (yes)

2 (7)

LABAc mono (yes)

6 (21)

LAMAd mono (yes)

11 (38)

ICS/LABA in one device (yes)

14 (48)

LABA/LAMA in one device (yes)

3 (10)

Oral corticosteroids (yes)

13 (45)

Physical activity (steps a day), median (IQR)e

2482.5 (1394.3-4184.3)

Pulmonary function, mean (SD)e
FEV1f (L)e

1.3 (0.6)

FEV1 (% predicted)e

45.5 (17.7)

FVCg (L)e

2.9 (0.8)

FVC (% predicted)e

82.0 (16.5)

FEV1/FVCe

41.2 (14.3)

Exacerbations
Number of mild exacerbationsh in previous 12 months, median (IQR)

0.0 (0.0-0.0)

Number of moderate exacerbationsi in previous 12 months, median (IQR)

0.0 (0.0-0.0)

Number of severe exacerbationsj in previous 12 months, median (IQR)

2.0 (2.0-3.0)

Total number of exacerbations in the previous 12 months, median (IQR)

2.0 (2.0-3.0)

Number of patients with ≥2 exacerbations, n (%)

25 (86)

COPD-related symptom scores, mean (SD)
mMRCk scoree

3.0 (1.1)

CCQl scoree

3.0 (1.2)

GOLDm-stage, n (%)n
Ao

0 (0)

Bp

1 (3)

Cq

1 (3)

Dr

21 (72)
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Patient characteristics

Results

Days admitted to the hospital due to COPD exacerbations, median (IQR)

8.0 (6.0-16.5)

CCI: Charlson comorbidity index [24].

b

ICS: inhaled corticosteroids.

c

LABA: long-acting beta2 agonist.

d

LAMA: long-acting muscarinic antagonist.

e

n=26, data missing for 3 participants.

f

FEV1: forced expiratory volume in 1 second.

g

FVC: forced vital capacity.

h

Mild exacerbation: change in COPD medication.

i

Moderate exacerbation: course of corticosteroids and/or antibiotics.

j

Severe exacerbation: hospital admission.

k

mMRC: modified Medical Research Council.

l

CCQ: clinical COPD questionnaire.

m

GOLD: Global Initiative for Chronic Obstructive Lung Disease.

n

n=23, data missing for 6 participants.

o

A: low symptoms, low risk for exacerbation.

p

B: high symptoms, low risk for exacerbation.

q

C: low symptoms, high risk for exacerbation.

r

D: high symptoms, high risk for exacerbation.

Outcomes at follow-up are found in Table 2. The median
follow-up was 587.0 days (IQR 372-594 days), and 3 (3/29,
10%) patients died. A follow-up duration of at least 12 months
was achieved by 23 of the 29 patients. The median numbers of
mild, moderate, and severe exacerbations were 0.0 (IQR
0.0-0.0), 0.0 (IQR 0.0-0.0), and 1.0 (IQR 0.0-2.0), respectively.
The median number of days admitted to the hospital was 2.0
days (IQR 0.0-4.0 days), with a maximum of 15.0 days. The
median difference between the first and last CCQ scores was
0.3 points (IQR –0.4 to 0.9). The CCQ change over time was
not statistically significant (P=.860).

The data for both the number of hospitalization days and total
number of exacerbations fitted best within a Poisson distribution.
Unadjusted analyses showed that, after initiation of the
EmmaCOPD intervention, both the number of hospitalization
days (IRR 0.210, 95% CI 0.116-0.382) and the total number of
exacerbations (IRR 0.310, 95% CI 0.219-0.438) decreased
significantly (Table 3). Analyses adjusted for age and sex
showed comparable results, with a significant decrease in
hospitalization days (IRR 0.209, 95% CI 0.114-0.382) and total
number of exacerbations (IRR 0.310, 95% CI 0.217-0.435).
Additional adjustment for GOLD category and inhaled
corticosteroid use showed comparable results (Table 3).

Table 2. Follow-up at 12-18 months after initiation of EmmaCOPD (n=29).

a

Outcomes

Results

Follow-up duration (days), median (IQR)

587.0 (372.0-594.0)

Mortality (yes), n (%)

3 (10)

Number of mild exacerbationsa, median (IQR)

0.0 (0.0 to 0.0)

Number of moderate exacerbationsb, median (IQR)

0.0 (0.0 to 0.0)

Number of severe exacerbationsc, median (IQR)

1.0 (0.0 to 2.0)

Total number of exacerbations, median (IQR)

1.0 (0.0 to 2.0)

Hospital admission (days), median (IQR)

2.0 (0.0 to 4.0)

Change in CCQd, median (IQR)e

0.3 (–0.4 to 0.9)

Mild exacerbation: change in COPD medication.

b

Moderate exacerbation: course of corticosteroids and/or antibiotics.

c

Severe exacerbation: hospital admission.

d

CCQ: clinical chronic obstructive pulmonary disease questionnaire.

e

n=28, data missing for 1 participant.
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Table 3. Effect of EmmaCOPD on length of hospitalization and number of exacerbations, compared between 365 days before the initiation of EmmaCOPD
and 12-18 months after the initiation of EmmaCOPD.

a

Analytic model

Hospitalization (days), IRRa (95% CI)

Total number of exacerbations, IRR (95% CI)

Crude analysis (model 1)

0.210 (0.116-0.382)

0.310 (0.219-0.438)

Adjusted analysis (model 2)b

0.209 (0.114-0.382)

0.308 (0.217-0.435)

Adjusted analysis (model 3)c

0.225 (0.111-0.456)

0.327 (0.211-0.506)

Adjusted analysis (model 4)d

0.225 (0.111-0.456)

0.325 (0.208-0.508)

IRR: incidence rate ratio.

b

Adjusted for sex and age.

c

Model adjusted for sex, age, and Global Iniative for Chronic Obstructive Lung Disease (GOLD) stage (patients with missing GOLD stage were exluded).

d

Model adjusted for sex, age, GOLD stage (patients with missing GOLD stage were excluded), and inhaled corticsteroid use.

Data derived from EmmaCOPD are presented in Table 4. During
the follow-up, the median number of daily BASE questions
answered was 252.0 (IQR 125.0-423.0). The median number
of answers on the BASE questions in the “yellow zone”
(worsening of symptoms) was 26.0 (IQR 7.0-91.0), with a range
of 0-527. Of the median 13.0 (IQR 5.0-68.0) PLUS questions

answered, a median of 1.0 (IQR 0.0-4.0) was answered in the
“orange zone” and 1.0 (IQR 0.0-3.0) in the “red zone.” The
median numbers of days in the “orange zone” and “red zone”
were 0.0 (IQR 0.0-25.0) and 3.0 (IQR 2.0-3.0), respectively.
The median number of steps a day was 1710.0 (IQR
1144.0-3078.0).

Table 4. EmmaCOPD outcomes (n=29), with results categorized in zones (green, yellow, orange, or red), with each zone except green (steady state)
requiring a different action.
Variables
BASE questions

Results
a

Number of BASE question answered, median (IQR)

252.0 (125.0-453.0)

Number of BASE questions answered as yes (yellow zoneb), median (IQR)

26.0 (7.0-91.0)

PLUS questionsc
Number of PLUS questions answered, median (IQR)

13.0 (5.0-68.0)

Number of PLUS questions answered with an answer in the orange zoned, median (IQR)

1.0 (0.0-4.0)

Number of PLUS questions answered with an answer in the red zonee, median (IQR)

1.0 (0.0-3.0)

Zones
Number of days in the orange zoned, median (IQR)

0.0 (0.0-25.0)

Number of days in the red zonee, median (IQR)

3.0 (2.0-3.0)

Physical activity (steps per day), median (IQR)f
a

1710.0 (1144.0-3078.0)

BASE question: daily question about worsening of symptoms;

b

Yellow zone: patient experienced worsening of symptoms (BASE question yes) and given advice to adjust medication.

c

PLUS question: additional question when patient or the patient’s buddy suspected something serious.

d

Orange zone: no improvements in 3 days (yes answer to the BASE for 3 days) or an orange-rated answer to a PLUS question, for which the patient is
given advice to take emergency medication or contact health care provider.
e

Red zone: red answer on the PLUS question, potentially life-threatening clinical situation, buddy was advised to call an ambulance.

f

n=27, data missing for 2 participants.

Discussion

number of exacerbations and the number of days admitted to
the hospital.

Principal Findings and Comparison With Prior Work

In line with the results of the present study, a Cochrane review
[17] and a recent review [10] have shown that eHealth care
programs and patient platforms were effective in reducing
hospital admissions in COPD. Mostly, the effect of
telemonitoring was studied. A previous study used home-based
telemonitoring to monitor patients. The home-based

The aim of the present study was to evaluate the effect of a new
eHealth program (EmmaCOPD) on the number of hospitalized
days and the total number of exacerbations in patients with
COPD who are at risk for hospitalization. The present study,
using real-world data, showed a significant decrease in the
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telemonitoring consisted of a device with a large screen and 4
buttons that patients used to fill out a daily questionnaire.
Patients received feedback from their device, and the responses
were also sent to a secure data center. The responses were
categorized and prioritized, and respiratory nurses contacted
the patients if values were alarming. After 6 months, there was
a decrease in hospital admissions and exacerbations, and there
was a tendency toward decreased number of days in the hospitals
and outpatient visits [13]. Another study examined an
intervention for patients that were discharged from the hospital.
The intervention included a comprehensive assessment, an
educational session, an individually tailored care plan, weekly
phone calls, and access to a specialized nurse at the hospital
through a digital platform. The intervention resulted in a reduced
number of hospital admissions [12] and an increase in BMI
[11], but there was no difference in dyspnea, lung function, and
quality of life [11]. Other studies also reported no effect of
eHealth on dyspnea and quality of life. One study evaluated
internet-based dyspnea self-management support that included
education, skills training, and coaching and found improvement
in arm endurance exercises, but no differences in dyspnea and
quality of life [11]. In line with the mentioned studies, this study
showed a decrease in the number of total exacerbations. Patients
were also monitored via an app and smartwatch, and they
received feedback. These are elements that were found to be
missing in previous apps, as found in a previous review [25].
Furthermore, a new element in the present intervention was the
involvement of buddies who received alerts when the clinical
situation changed. This could have resulted in a decline in
anxiety due to frequent checks and involvement of buddies.
However, we did not assess anxiety in this study and cannot
test this hypothesis. Another element of the intervention that
could have resulted in the reduction of admission days included
improvement of self-management (fast and adequate medication
adaptation according to the individual exacerbation plan,
feedback, and maintenance of physical activity).
In the Netherlands, several eHealth projects aiming to prevent
hospital admissions have been initiated. One project is focusing
on education of health care providers and patients for early
detection of mild and moderate exacerbations to prevent severe
exacerbations [26]. Another project is using the Assessment of
Burden of COPD tool [27] that was filled out during each visit
to the health care provider to give insight into the burden of
COPD and to increase quality of life and the quality of perceived
care. The (preliminary) results of these studies show a decrease
in the number of days between exacerbation onset and
recognition [26], between recognition and action [26], and
between cognition and general practitioner visits [26] as well
as improvement in quality of life and perceived quality of care
[27].

Strengths and Limitations
A strength of this study was the use of real-world data.
EmmaCOPD was implemented as part of usual care in the
Bravis Hospital, not as part of a study. Therefore, the risk of
bias associated with participating in a study was minimized.
Subgroup analysis in a systematic review has shown that
telemonitoring is effective in patients with COPD, as are
interventions that last more than 6 months [15]. In this study,
https://formative.jmir.org/2021/3/e24726
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the intervention was integrated into usual care, and there was
no end date. The patients could have benefited from these
characteristics. Another strength of the study was how
self-management was organized. To minimize the risk of
respiratory-related mortality that was reported in previous
self-management interventions [28], patients were clearly
instructed how to react when symptoms worsened, and there
was a second question built in the app when patients or buddies
suspected something serious. Furthermore, buddies received
alerts when the clinical situation changed.
This study has limitations. First, there were fewer patients
included in the study than were calculated in the power
calculation. The number of patients included in the study could
probably have been higher if the app had also been available
for iPhones. Also, eHealth interventions often face
implementation challenges, including costs, that might explain
why the sample size was not met [29]. The number of patients
that were eligible for EmmaCOPD but were not willing to use
EmmaCOPD is unknown. A previous study showed that 15.9%
of patients reject eHealth when it is offered [25]. Still, there was
a significant difference in the number of days of hospitalizations.
More patients with more follow-up data could have resulted in
a more precise difference in the number of hospitalization days.
A second limitation is selection bias; patients with the strongest
motivation will accept such an intervention program, while
those who are not motivated to improve their COPD condition
will refuse the intervention. From pulmonary rehabilitation, it
is known that the most frequently mentioned reason for refusal
is lack of interest [30]. However, not all patients were motivated
to fill out the questionnaire on a daily basis; during the median
study period of 587.0 days, the BASE questions were answered
on a median of 252.0 days. It could also be true that patients
felt too sick to answer the questions. This could have resulted
in an underestimation of the number of days in the yellow,
orange, and red zones. Furthermore, it is known that interest in
eHealth declines over time [31]. Third, the study design can be
seen as a limitation since we used a pre-post research design,
and there was no parallel control group. The data were collected
from electronic health records, which possibly resulted in
missing data. The total number of exacerbations is possibly
higher, since not all mild or moderate exacerbations that were
treated by the general practitioner were processed in the digital
records of the Bravis Hospital. Furthermore, all
respiratory-related hospitalizations were included, since
pneumonia, dyspnea, and exacerbation frequently got mixed
up. Finally, this study is not generalizable to all COPD patients
since this study included just patients who were at risk for
hospitalization due to exacerbation of COPD and this was a
highly symptomatic group with a median 26.0 days with
worsening symptoms, with one patient that was in the “yellow
zone” nearly the whole study period (527 days). However,
especially for the patient group that is at risk of hospitalizations
[32], there is a need for intensive support to prevent future
hospitalizations.

Future Research
For future studies, we recommend a study with a longer
follow-up since it is known that interest in eHealth often declines
over time, with fewer responses on alerts [33]. In this study, we
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observed that patients did not fill out the daily questionnaire on
a daily basis. However, as the goal of the intervention was to
decrease exacerbations, it does not necessarily mean that the
questionnaire should be completed every day. Nevertheless, the
impact of usage on the effect of EmmaCOPD would be of
interest. To strengthen the conclusions of this study, a
case-control design can be considered to control for similar
background. Furthermore, studies with a larger number of
included patients are preferable, so small differences in
outcomes can be detected as well.

van Buul et al

Conclusion
EmmaCOPD, an eHealth program that includes an app that
signalled symptoms, a smartwatch with step counter, and
provision of feedback to the patient and buddies, seems to reduce
the number of total exacerbations and the number of days of
hospitalization due to exacerbation of COPD in this real-world
study. The effects of long-term use of EmmaCOPD should be
studied further in future studies.
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Abstract
Background: The amount of stroma in the primary tumor is an important prognostic parameter. The tumor-stroma ratio (TSR)
was previously validated by international research groups as a robust parameter with good interobserver agreement.
Objective: The Uniform Noting for International Application of the Tumor-Stroma Ratio as an Easy Diagnostic Tool (UNITED)
study was developed to bring the TSR to clinical implementation. As part of the study, an e-Learning module was constructed
to confirm the reproducibility of scoring the TSR after proper instruction.
Methods: The e-Learning module consists of an autoinstruction for TSR determination (instruction video or written protocol)
and three sets of 40 cases (training, test, and repetition sets). Scoring the TSR is performed on hematoxylin and eosin–stained
sections and takes only 1-2 minutes. Cases are considered stroma-low if the amount of stroma is ≤50%, whereas a stroma-high
case is defined as >50% stroma. Inter- and intraobserver agreements were determined based on the Cohen κ score after each set
to evaluate the reproducibility.
Results: Pathologists and pathology residents (N=63) with special interest in colorectal cancer participated in the e-Learning.
Forty-nine participants started the e-Learning and 31 (63%) finished the whole cycle (3 sets). A significant improvement was
observed from the training set to the test set; the median κ score improved from 0.72 to 0.77 (P=.002).
Conclusions: e-Learning is an effective method to instruct pathologists and pathology residents for scoring the TSR. The
reliability of scoring improved from the training to the test set and did not fall back with the repetition set, confirming the
reproducibility of the TSR scoring method.
Trial Registration: The Netherlands Trial Registry NTR7270; https://www.trialregister.nl/trial/7072
International Registered Report Identifier (IRRID): RR2-10.2196/13464
(JMIR Form Res 2021;5(3):e19408) doi:10.2196/19408
KEYWORDS
colon cancer; tumor-stroma ratio; validation; e-Learning; reproducibility study; cancer; tumor; colon; reproducibility; carcinoma;
prognosis; diagnostic; implementation; online learning
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Introduction
The prediction of disease outcome for an individual patient as
part of personalized medicine is becoming routine practice in
the management of cancer patient treatment. Staging of colon
cancer by pathologists is based on hematoxylin and eosin
(H&E)-stained sections of the primary tumor. The
tumor-node-metastasis (TNM) classification is used as the main
selection criterion for additional treatment, along with noting
of characteristics such as depth of invasion and differentiation
grade [1], according to the American Joint Committee staging
algorithm. However, conventional H&E sections provide more
information than previously recognized.
In the last decade, research has not only focused on the tumor
and its characteristics but increasingly also on the tumor
microenvironment. The tumor microenvironment consists of
the stromal background with a variety of cells such as
fibroblasts, endothelial cells, and lymphocytes. The
tumor-stroma ratio (TSR) is the amount of tumor relative to the
amount of stroma in the primary tumor [2-4]. Patients with a
high amount of stroma (stroma-high) have a worse prognosis
compared to those harboring tumors with a low amount of
stroma (stroma-low) in multiple types of cancer [5-13].
Scoring the TSR is performed on H&E-stained sections in only
1-2 minutes, with good to excellent interobserver agreement
[3]. This implies that TSR scoring is easy to learn and useful
in daily practice.
The Uniform Noting for International Application of the
Tumor-Stroma Ratio as an Easy Diagnostic Tool (UNITED)
study was developed to prepare for implementation of the TSR
as an additional high-risk indicator along with traditional TNM
classification. As part of the UNITED study, an instruction
protocol and reproducibility study were initiated using an
e-Learning module as described in the published research
protocol [14].
Digital pathology is increasingly being implemented in daily
diagnostic practice as well as for teaching. Digital pathology
for instruction, most commonly used for instruction of students,
has multiple advantages: more students can be reached because
it is web-based; all students look at exactly the same case;
annotations can be shared with the teacher, resulting in direct
feedback; and students can complete the course when and where
it suits them [15-18].
The use of e-Learning for education has been adopted in
different medical specialties worldwide. An example of
e-Learning used in pathology is a module developed for Dutch
pathologists [19,20]. The module focuses on decreasing the
variation in grading dysplasia in adenomas and increasing the
consistency of scoring serrated lesions. Two separate studies
have shown that e-Learning is a good method to improve
performance [19,20].
e-Learning to instruct professionals has also been confirmed in
specialties other than pathology [21,22]. For instance, based on
a systematic review for surgical training (students, residents,
and surgeons), Maertens et al [23] concluded that e-Learning
is as effective as other methods for training.
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The aim of this study was to confirm the high reproducibility
of scoring the TSR using an e-Learning module to train a variety
of pathologists.

Methods
Case Selection
The e-Learning module was based on H&E-stained sections of
stage II and III colon cancer resection specimens. The cases
were randomly selected from the archives of the Pathology
Department of Leiden University Medical Centre (LUMC). The
number of cases with very low stroma (ie, 10% or 20% stroma
area) were limited from the analysis to increase the number of
cases that are generally more difficult to score for pathologists
and are therefore more suitable for training purposes. In the
e-Learning, 55% of the cases were stroma-low (≤50% stroma)
and 45% were stroma-high (>50% stroma). None of the patients
had received neoadjuvant treatment at the time of sample
collection. The sample size was based on a workable amount
of cases to maintain quality without the case load being too
high.
Slides were scanned using a 20× objective with the Panoramic
250 scanner (3D Histech) or with the IntelliSite Digital
pathology slide scanner (Philips).

Participants
Pathologists and pathology residents from all over the world
could participate in the UNITED study and in the e-Learning.
The UNITED study started in 2018, and pathologists were
invited to start (and complete) the e-Learning in the period of
December 2017 to April 2019. Data collection ended in April
2019. Multimedia Appendix 1 provides an overview of
participating countries, and the numbers of participating
pathologists and residents.

TSR Scoring Method
The previously published protocol for scoring the TSR was used
in this study [3,4]. In brief, the section of the deepest part of the
tumor, usually the section used for determining the T-stage,
was chosen. The area with the highest amount of stroma was
selected and scored at 100× magnification in increments of 10%.
A field should contain tumor cells on four opposite edges of
the field of evaluation.

e-Learning
The e-Learning module was developed in PathXL Tutor version
6.1.1.1. (Philips, Belfast, UK). This software uses digital images,
and was developed to easily share and teach a network of
pathology students, or in this case pathologists. The PathXL
software allows the pathologist to analyze the slide in a manner
comparable to using a microscope. The e-Learning was prepared
to resemble real-life microscopy as far as possible by using
round annotations with a fixed size of 3.4 mm2. This represents
the size of the field of vision of microscopes, even from different
brands, when using 100× magnification.
Participants were blinded to clinical data of the sections and
were only informed that the patients did not receive neoadjuvant
treatment.
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Before starting the first set of the e-Learning module,
participants were asked to watch the instruction video on the
study website [24]. The training set consisted of 40 cases. This
set started with 5 multiple choice questions where annotations
were placed upfront in different areas of the section (Multimedia
Appendix 2). Participants were asked to select the correctly
placed annotation and determine the percentage of stroma. In
the other 35 cases (and in the other sets), the participant was
asked to place the annotations themselves at the most optimal
position and to determine the stroma percentage.
The test set also consisted of 40 cases, including 37 (93%) new
cases. To determine the intraobserver agreement of scoring the
TSR, the test set was repeated (repetition set) after a 2-month
washout period with the same cases placed in a different order.
The answer model used for evaluating the results was established
by two experienced observers (GP, MS) together with a
pathologist (VS) of the LUMC. The coordinators of the
UNITED study checked all finished e-Learning sets for stroma
percentage and for correct placement of the annotation. The
answers of the participants were compared with the answer
model. Continuing with the second set was allowed when an
interobserver agreement (κ) of ≥0.7 with predefined scores was
reached. In the case in which a participant did not pass a set due
to a κ score below 0.7, the same set had to be rescored (see
Multimedia Appendix 3 for the flowchart of the e-Learning
module [14]) after feedback was given.

Statistical Analysis
Data collected in this study comprised: (1) whether the
participant is a pathologist or resident, (2) participating country,
(3) the stroma percentage of the different questions, and (4)
whether or not the participant considered a question to be
difficult. In this study, a possible bias could be that participating
pathologists/residents are generally more motivated for
participation.
Stroma percentages were classified as stroma-low (≤50%
stroma) or as stroma-high (>50% stroma) [3,4,25]. This
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dichotomous output and the outcome of whether or not the
annotation was placed correctly were used for measuring
observer agreement. Cohen κ coefficient was used to measure
inter- and intraobserver agreement. This score is quantitative
and was used as a noncontinuous variable. Histograms were
used to visualize the distribution of the κ scores for each set.
Nonnormally distributed continuous variables are described
with the median and range (minimum and maximum values).
For the median κ scores of a set, the first κ score of a participant
of each set was used. The Wilcoxon signed-rank test was used
to compare paired nonnormally distributed continuous variables
(eg, measuring the progress between different e-Learning sets
by participants).

Ethical Considerations
The UNITED study protocol has been approved by the Medical
Research Ethics Committee of the LUMC (study number
p17.302). All samples were handled in accordance with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards.

Results
Participants
In total, 63 participants (49 pathologists and 14 residents) were
registered for e-Learning. However, 14 participants were
nonresponsive after registration, and thus 36 pathologists and
13 residents from 19 countries started the e-Learning; these 49
participants were used for analysis. All participating pathologists
had gastrointestinal pathology as a subspecialty; however, most
of them had more than one subspecialty. The residents had not
yet chosen a pathology subspecialty. Thirty-six (73%)
participants (28 pathologists and 8 residents) finished the
training set and continued with the test set. In total, 31 (63%)
participants finished the whole cycle (3 sets) of the e-Learning.
A complete overview and reasons for participants to drop out
are shown in Figure 1. The participants who quit the study were
left out of the analysis.

Figure 1. Overview of the number of participants of the e-Learning and the reasons for not finishing the e-Learning cycle.
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Observer Agreement
After finishing the training set of the e-Learning, the observer
agreement was determined. Twenty-four (67%) participants (19
pathologists and 5 residents) passed the training set at the first
attempt (ie, κ≥0.7). Two participants (both residents) needed a
third chance to pass the training set. The median κ score for the
training set was 0.72. The test set was passed the first time by
31 (91%) participants (23 pathologists and 8 residents) and 3
(9%) pathologists had to repeat the test set. The median κ score
for the test set was 0.77. After a 2-month washout period, 28
(90%) participants (21 pathologists and 7 residents) directly
passed the repetition set, with a median κ score of 0.76 (Table

1, Figure 2). A significant improvement was observed from the
training set to the test set (P=.002). No significant changes of
the κ scores were observed between the test set and the repetition
set (P=.30, Figure 3). Intraobserver agreement was measured
for the 31 participants who finished the repetition set. The
median κ score of the intraobserver agreement was 0.77 (Table
1). Scoring results from pathologists showed significant
improvement from the training set to the test set (P=.006) and
no fall back (P=.74) after a washout period of 2 months. The
scoring results of the residents showed no significant changes
between sets (P=.26 and P=.13). Details are shown in
Multimedia Appendix 4.

Table 1. Distribution of κ scores per set.
Set

Completed set, N

κ, median (range)

Training set

36

0.72 (0.21-0.90)

Test set

34

0.77 (0.51-0.97)

Repetition set

31

0.76 (0.60-0.89)

Intraobserver agreement

31

0.77 (0.61-0.95)

Figure 2. Distribution of κ scores for each set of the e-Learning: (A) training set, (B) test set, (C) repetition set, and (D) intraobserver agreement.
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Figure 3. Progress of κ scores per participant during the e-Learning module.

Difficulty of the Questions
For each case, participants were asked whether scoring the TSR
of the section was easy, normal, or difficult. If answered as
difficult, a reason could be given. A case was classified as
difficult when at least 40% of the participants agreed with this
assessment. Eleven cases (9 different cases) were classified as
difficult (4 in the training set, 2 in the test set, and 5 in the
repetition set). The cases classified as difficult in the test set
remained difficult in the repetition set. The three other cases of
the repetition set were more difficult than average in the test
set. As expected, most of the difficult cases were those close to
the cut-off value of 50%, mucinous tumors, tumors with a lot
of necrosis, and tumors in which the distinction between the
stroma and the smooth muscle was difficult (see Multimedia

Appendix 5 for examples of difficult cases). Overall, the 11
cases were more often answered wrong (29% of the answers)
by participants who classified (one of) these cases as difficult
compared to 19% of wrong answers for cases that were assessed
as not difficult (see Multimedia Appendix 6 for the subdivision
per case).

Drawing Annotations
A few cases were used in both the training and test sets. Analysis
of these cases showed progress of scoring at the hotspot, as the
annotations were more centered (Figure 4). Furthermore, in
stroma-low cases, annotations were more widely spread over
the entire tumor area, whereas one or two hotspots were more
often identified in stroma-high cases (Figure 5).

Figure 4. Example of improvement of selecting the most optimal area for scoring the tumor-stroma ratio. Diffuse spread of annotations was seen in
the training set (A) compared to less variation of the scoring area in the test set (B).
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Figure 5. Examples of the distribution of annotations. In stroma-low cases (A), a wide distribution was more frequent, whereas in stroma-high cases,
a hotspot (or sometimes more) formed (B).

Discussion
This study shows that e-Learning is an accurate method to
instruct pathologists and pathology residents for scoring the
TSR. A κ score >0.7 was used to define the reproducibility of
the method. The median κ score improved and the minimum
value increased after completing the consecutive sets for scoring
the TSR. Significant progress (P=.002) was observed from the
training to the test set. If a set was not passed the first time,
feedback was given to the participant before they repeated the
same set; however, participants did not get insight into their
precise mistakes. The feedback was personalized, but not
case-specific.
A decrease was observed between the number of created
accounts, the number of participants who started the e-Learning,
and the number of participants who completed the whole
module. There are multiple reasons for this decrease. Most of
the participants were registered by the principal investigator of
an institute; however, not everyone responded to their
registration. Another reason for dropout was withdrawal of the
center from the UNITED study.
In daily diagnostics, H&E-stained sections are used for
determining cancer stage. To ensure the high quality of the
sections used for e-Learning, the original H&E-stained slides
of the cases used for diagnostic purposes were scanned.
Furthermore, all slides were scanned at the same magnification
to avoid differences in the quality of the digital images.
When reviewing the e-Learning sets, in some cases it seemed
as if the participants had scored the tumor percentage instead
of the stroma percentage. This might be explained by the fact
that pathologists are accustomed to scoring the neoplastic cell
percentage for molecular analysis. Another explanation might
be more related to semantics. The amount of tumor is in the
numerator, which might be a source of confusion. In these
doubtful cases, the participant was asked to reevaluate the case
as well as some others. Thus, scoring the percentage of stroma
remains a point of attention.
Overall, participants were well able to choose the right area for
scoring the stroma percentage and to estimate whether a section
was stroma-high or stroma-low. A common misinterpretation
https://formative.jmir.org/2021/3/e19408
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was scoring at the invasive front instead of looking for an area
with as much stroma as possible within the section. This might
be explained by the fact that pathologists are accustomed to
scoring the tumor budding at the invasive front [26].
Furthermore, as the scoring protocol describes the use of the
section from the deepest part of the tumor (usually the section
used for determining the T-status) [3], the distinction between
scoring the TSR in the whole tumor area and not necessarily at
the invasive front might not have been made clear enough in
the instructions. When comparing the results of pathologists
and residents, pathologists showed significant improvement
from the training to the test set, whereas residents did not. A
possible explanation is the small group of residents (n=8) or the
fact that pathologists are more experienced than residents.
Research performed on other pathology biomarkers used in
daily practice such as lymphovascular invasion [27], tumor
grading [28,29], classification and grading of colorectal polyps
or adenomas [19,20,30-33], and the estimation of tumor cell
percentage [34] has shown weak to moderate interobserver
agreement. With three median κ scores above 0.7, the
interobserver agreement for scoring the TSR in this study was
found to be good. Although no comparison arm was included
in this study, the median κ values obtained in this study are
lower than those reported previously. This can be explained by
the fact that the scores were low in the training set, which
improved in the test set.
Digital pathology is increasingly entering pathology practice,
although most pathology departments are not yet (fully)
digitalized. In the future, a digital image analysis program will
be useful for more accurate scoring and even better
reproducibility. Digital pathology for teaching goals has some
advantages and disadvantages. The advantages include easy
distribution of samples and being able to score a set at the same
time while reaching a worldwide group of pathologists, and
disadvantages include possible software flaws or bugs when
using a digitized workflow. In this study, the placed annotations
were not always saved correctly, which sometimes made it
difficult to analyze the results for a participant. In these
particular cases, the participant was asked to reevaluate the case.
In conclusion, this study showed that e-Learning is a good and
effective method to instruct pathologists and residents in scoring
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the TSR. Furthermore, this study confirmed the reproducibility

Smit et al
of the scoring method.
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Abstract
Background: Patients with head and neck cancer (HNC) frequently experience disease-related symptoms and treatment adverse
effects that impact their overall quality of life. Cancer-specific mobile health apps for patient-related outcomes allow patients to
communicate with their clinicians and proactively track their symptoms, which have been shown to improve clinical management
and disease outcomes.
Objective: The purpose of this study was to evaluate the feasibility of LogPAL, a novel iPhone-based mobile health app designed
to help HNC survivors track and manage their posttreatment symptoms.
Methods: Patients who completed curative treatment for HNC in the preceding 24 months were recruited from 2 clinical sites
within a single institution. Upon enrollment, participants completed a brief sociodemographic survey, downloaded the app onto
their iPhone devices, and were asked to complete a series of biweekly questionnaires (based on the Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse Events) via the app for an 8-week study period. The primary feasibility
endpoints included retention (retaining >80% of the enrolled participants for the duration of the study period), adherence (>50%
of the participants completing 100% of the questionnaires over the study period), and usability (a mean system usability scale
[SUS] score >68). Additional postintervention questions were collected to assess perceived usefulness, acceptance, and overall
satisfaction.
Results: Between January and October 2019, 38 participants were enrolled in the study. Three participants dropped out, and 3
were classified as nonusers. The remaining 32 (87%) were eligible for analysis. Their mean age was 57.8 (SD 12.3) years (range
24-77 years, 81% [26/32] male). Overall, 375 of 512 (73.2%) questionnaires were completed, with 17 (53%) of the 32 participants
adherent. Participant-reported usability was acceptable; the mean SUS score was 71.9 (95% CI 64.3-79.5) with high satisfaction
of LogPAL usefulness and likelihood to recommend to other cancer survivors.
Conclusions: This single-arm prospective pilot study showed that LogPAL is a feasible, regularly used, accepted app for HNC
survivors, justifying a full-scale pilot. Based on the findings from this study, future iterations will aim to improve usability and
test intervention efficacy.
(JMIR Form Res 2021;5(3):e24667) doi:10.2196/24667

https://formative.jmir.org/2021/3/e24667

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e24667 | p.253
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Teckie et al

KEYWORDS
mHealth; ePROs; head and neck cancer; mobile phone

Introduction

Methods

Background

Recruitment and Enrollment

The demographics of head and neck cancer (HNC) are changing
[1-4], with an increase in the incidence of HNC in younger
patients without significant smoking or alcohol use history.
HNC survival rates are increasing as a result of these changing
demographics and more effective multidisciplinary treatment
options [5-8]. Despite these advances in disease outcomes, HNC
survivors often experience significant toxicities and unique
functional impairments such as dysphagia, mucositis,
xerostomia, and dysphonia, which are distinctive from those
reported in other cancer survivors [9-11]. These can lead to
debilitating and lifelong consequences due to adverse effects
during and after treatment, which impair the quality of life.
Nevertheless, patients commonly underreport symptoms or
delay reporting of symptoms, which, in turn, lead to delay in
the best clinical management [12,13]. Mobile health (mHealth)
interventions such as smartphone apps have been advocated as
promising strategies in patient self-management [14]. These
tools have the potential to increase accessibility of patient’s
health information, provide real-time reporting of the concerning
symptoms to providers, and improve overall patient satisfaction
via proactive self-management care [15-19]. The proliferation
of mHealth apps, with over 325,000 mHealth apps developed
[20], is changing how patients interact with the health care
system. Yet, there remains a dearth in knowledge regarding the
feasibility of using mHealth electronic patient-reported outcomes
(ePROs) to assess and address the vulnerable population of
HNC survivors. To date, only few studies have evaluated a
smartphone-based self-management system during HNC
treatment [16,21]. To fill this knowledge gap, our study aimed
to evaluate the feasibility of LogPAL, a novel patient-facing
mHealth app specific for HNC survivors.

All HNC survivors were screened for eligibility from 2
Northwell Health otolaryngology surgical oncology clinics.
Potential participants were identified through a review of
electronic medical records to determine if the following
inclusion criteria were met prior to their upcoming in-clinic
appointment: HNC survivors ≥18 years old who completed all
curative treatments for primary HNC (lip/oral cavity, pharynx,
larynx, salivary gland, paranasal sinus) within the preceding 24
months, who had no serious self-reported cognitive impairment,
who were able to read and speak English fluently, and who had
access to a smartphone that operates the iPhone operating system
software (iPhone/iPad). Eligible participants were contacted by
phone to discuss meetings about enrollment at the clinic during
an upcoming appointment. Upon meeting, additional details
about the study were reviewed and participants were informed
that participation was voluntary. If informed consent was
provided, participants underwent a training session with a study
team member on how to use the app, with additional time for
any questions prior to the first log-in.

Objectives of This Study

LogPAL App

The primary objectives of this study were to (1) assess the
feasibility of LogPAL and (2) explore the perceived usefulness,
acceptance, and overall satisfaction through validated
questionnaires and participant feedback. We hypothesized that
there would be an >80% retention rate (proportion of enrolled
participants who completed at least one questionnaire during
the study period), >50% adherence rate (proportion of
participants who will complete 100% of scheduled
questionnaires), and a mean system usability scale (SUS) score
>68. Secondary exploratory objectives reviewed additional
engagement metrics and preliminary associations between
outcome measures and participant characteristics (covariates).
As there is no consensus on how best to evaluate mHealth pilot
studies, criteria selection and determination were based on
insights from the one of the co-principal investigators (MAD)
who is experienced in evaluating web-based and app-based
health tools for patients with cancer.

LogPAL Development
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Study Design
A nonrandomized, prospective, single-arm pilot study was
carried out from January to October 2019. The study period
consisted of an 8-week intervention during which participants
were instructed to answer and complete ePROs twice weekly
for 16 sessions. The frequency and duration of the ePROs were
determined by a team of HNC specialists to reflect clinically
relevant timepoints that encouraged self-monitoring, but did
not compromise HNC patient safety during their recovery. This
study was reviewed and approved by the Institutional Review
Board of Northwell Health.

The LogPAL app was developed using an iterative user-centered
design approach [22,23], which systematically engaged end
users to identify requirements and app core functionality to
enhance the effectiveness, efficiency, and usability [24,25]. The
goal was to develop a patient-facing mHealth app that could
provide HNC survivors with a tool to better manage and track
their symptoms by self-reporting any adverse effects and offer
immediate informational resources to help develop and practice
health self-management skills.

LogPAL Overview
For this pilot study, a version of LogPAL, currently available
in the Apple App Store, that consisted of the following 4 core
features was used: (1) Start Tracking, (2) View My Progress,
(3) Self Care Tips, and (4) Resources (Figure 1). Users were
not specifically required to access other features other than Start
Tracking during the intervention period.
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Figure 1. Snapshots and overview of the LogPAL app features.

Structure of the PROs
A preliminary list of PROs was selected from the existing
validated National Cancer Institute’s Patient-Reported Outcomes
version of the Common Terminology Criteria for Adverse
Events library [26]. Individual items were selected by the study
team for their relevance to symptoms and complications
experienced by patients with HNC. To allow for iterative
refinement, 2-week usability testing sessions were conducted
using a purposive cohort of patients with HNC. At the end of
the 2-week period, participants engaged in focus group
interviews, which used the think-aloud method to elicit feedback

regarding the perceived understanding of PRO questions and
overall experience using the app. PROs were rated on a 5-tier
scale ranging from “none” to “very severe.” Questions were
categorized into 10 common disease-specific symptoms, which
included difficulty swallowing and chewing, dry mouth, loss
of appetite, changes in taste, impaired speech, sores/pain in the
mouth, overall pain, cough, nausea, and fatigue (Figure 2).
Through this careful selection process, 2 versions were created.
A weekly questionnaire (consisting of a series of 26
symptom-based questions) and a monthly questionnaire (weekly
questionnaire with an additional 16 questions) were asked at
the end of every month.

Figure 2. Examples of patient-reported outcome questions and illustrations of the relevant adverse effects. (Figure created on BioRender).
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Questionnaires and app-generated data analytics were used to
record participant sociodemographic characteristics at baseline,
to measure engagement throughout the study period, and to
perform postintervention analysis. Questionnaire data were
entered into the Research Electronic Data Capture (REDCap)
software and encrypted and stored in a secure server, which was
selected and approved by the Office of the Chief Information
Officer. REDCap’s web-based app uses secure 2-factor web
authentication, data logging, and encryption that ensures the
security and confidentiality of private information for obtaining
informed consent [27].

SUS>68. This criterion was based on prior studies that assessed
feasibility in applied intervention research [30-32] and
self-management apps among cancer survivors [33]. To assess
implementation outcomes such as recruitment and retention,
rates were tabulated based on data collected from the research
team tracking logs and summarized using a CONSORT diagram.
Secondary exploratory outcomes tracked additional engagement
metrics such as number of log-ins and frequency of participant
interactions with other features [34]. Insights on different types
of engagement indicators could provide opportunities for
designing more engaging and clinically effective mHealth
interventions [35].

Measures

Statistical Analysis

Data Collection

Patient Demographics
Participants completed an 18-item survey at enrollment. The
survey included demographic characteristics about the
participant’s sex, racial and ethnic background, highest level of
education, and marital status. Health-related information about
the treatment type received, year of diagnosis, number of years
since last treatment, smoking history, self-reported physical
health and physical activity relative to peers, comorbidities, and
clinic site of enrollment were also obtained. Self-reported
physical health and physical activity relative to peers were
determined using a 5-point Likert scale (excellent, very good,
good, fair, and poor) and a 3-point Likert scale (more, about
the same, less), respectively.

Follow-up Survey
After 8 weeks of using the app, participants were invited to
complete a postintervention survey via email. The survey
comprised of (1) the validated SUS, a standardized questionnaire
commonly used to assess participants’ perceptions of usability
of an electronic system or device [28,29]; (2) a 5-point Likert
response scale (1=strongly disagree to 5=strongly agree)
acceptability questions; and (3) open-ended questions to prompt
ideas for app improvement.

Outcome Measures
For this feasibility study, a priori criteria were defined as ≥80%
retention rate (defined as the number of participants who
enrolled and completed at least one questionnaire during the
study period), ≥50% adherence rate (defined as the percentage
of participants who completed all scheduled sessions), and mean
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For this feasibility study, 50 participants were sought to review
the app. This estimate was drawn on prior experiences accruing
participants [36]. Taking into consideration a retention rate of
80% of recruited patients, it is estimated that 41 patients will
remain in the study. All statistical analyses were conducted
using Prism 8.4.0 (GraphPad Software) and SPSS version 25.0
(IBM Corp). Descriptive statistics was utilized to summarize
participant characteristics and rates of engagement. Categorical
variables were reported as frequencies (n) and percentages (%);
continuous variables were reported as mean (SD) or median
(IQR), that is, 25th-75th percentile, as needed. Nonparametric
Mann-Whitney U test for 2 independent groups or the
Kruskal-Wallis test for more than 2 groups were used for
exploratory analyses of adherence scores (out of 16). Qualitative
responses to open-ended questions were categorized using a
thematic analysis, and relevant quotations were included to
illustrate those themes. Results with P values less than .05 were
considered to be statistically significant.

Results
Recruitment and Enrollment
A total of 315 patients were screened, of which 90 (28.6%) met
the eligibility criteria. Of the 90 patients, 38 (42%) enrolled in
the study. The primary reason for ineligibility was the lack of
an iPhone device (133/315, 42.2%). The primary reason that
eligible patients declined to participate was limited time and
disinterest (50/90, 56%). Attrition rate was 16% (6/38)
consisting of 3 dropouts and 3 classifieds as nonusers
(participants who did not complete at least one PRO
questionnaire during the study period) (Figure 3).
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Figure 3. CONSORT flowchart for this study.

Participant Characteristics
Participants were predominantly males (26/32, 81%), Whites
(25/32, 78%), and married (21/32, 66%), reflecting the regional
demographics of HNC. The mean age of the participants was
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57.8 (SD 12.3) years (range 24-77 years), and the median time
from treatment completion to study enrollment was 10.8 months
(range 1-23 months). The majority were college educated,
including some college (7/32, 22%), bachelor’s degree (9/32,
28%), or higher (9/32, 28%) (Table 1).
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Table 1. Sociodemographic and clinical characteristics of the participants (N=32).
Characteristicsa,b

Values, n (%)

Gender
Female

6 (19)

Male

26 (81)

Ethnicity
White

25 (78)

Black

3 (9)

Asian

2 (6)

Other

2 (6)

Marital status
Single

5 (16)

Married

21 (66)

Divorced

5 (16)

Widow

1 (3)

Highest level of education
High school/GED

7 (22)

Some college

7 (22)

Bachelors or equivalent

9 (28)

> Bachelor’s

9 (28)

Type of treatment
Radiation

6 (19)

Chemotherapy

14 (44)

Combination

12 (38)

Self-reported physical activity compared to others in their age group
More

6 (19)

Less

6 (19)

The same

20 (63)

Self-reported physical health
Poor/Fair

8 (25)

Good

14 (44)

Very Good/Excellent

10 (31)

Facility

a

Site 1

26 (81)

Site 2

6 (19)

Mean (SD) age in years = 57.8 (12.3) years.

b

Mean (SD) time since last treatment = 10.8 (8.0) months.

App Use Tracking
Of the 32 participants eligible for analysis, 17 (53%) completed
all of the scheduled sessions, 20 (63%) completed 75% or more
of the sessions, and 25 (78%) completed at least 50% of the
scheduled sessions by the end of the study period. Overall,
73.2% (375/512) of the questionnaires were completed (range
6.25%-100%) with participants opening the app 693 times over
the course of 8 weeks.
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Postintervention Survey
Usability
At the end of the study, 17 of the 32 participants (53%)
reconsented to complete the SUS. The mean SUS score (95%
CI) was 71.9 (64.3-79.5), which was an “acceptable” rating
based on the standard SUS [28]. Further analysis of the subscales
showed that the mean SUS (95% CI) learnability domain was
78.7 (71.2-86.1) and the mean (95% CI) usability domain was
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70.2 (61.8-78.7). In the responses to the SUS questionnaire,
88% (15/17) found LogPAL “easy to use,” 94% (16/17) felt
that “most people could learn to use LogPAL very quickly,”
and 82% (14/17) felt “very confident using the system.”

Acceptability
Among the participants, 76% (13/17) agreed that LogPAL was
useful, with 59% (10/17) and 71% (12/17) agreeing with the
frequency and length of the PROs, respectively. Additionally,
76% (13/17) of the participants agreed that they would
recommend LogPAL to other cancer survivors. A total of 5
(29%) of the 17 participants gave additional feedback on their
experience using LogPAL. In terms of what they liked,
participants used the words “informative,” “helpful,” and
“valuable.” One patient stated, “I thought it was definitely
helpful, it really let you understand what was going on with
your body and it just wasn’t you experiencing these symptoms.”
In terms of areas of improvements, participants mentioned the
need for the app to be available to patients during or immediately
after treatment, an alert tone as a reminder to update, and the
ability to provide additional comments on changes. As one
patient mentioned, the app “...does not allow for comments
when an answer changes due to new variable in my situation,
to explain why I changed my answer from previous weeks.”

Exploratory Analyses
Additional App Features
Engagement with additional app features were reviewed among
eligible participants. Findings showed that 32 (100%) used View
My Progress, 27 (84%) used the Self-Care Tips, and 5 (16%)
used the Resource feature. During the study period, the View
My Progress feature was clicked 3445 times and the Self-Care
Tips was clicked 79 times.

Relationship Among Covariates
Analysis of mean (SD) adherence scores and participant
characteristics showed higher scores among those who
self-reported conducting “more” physical activity (16.0 [SD
0.0]) than among those who self-reported “about the same”
(12.2 [SD 4.9]) as others their age (P=.04). Similarly, the scores
were higher among participants who self-reported their physical
health as “very good”/“excellent” (14.5 [SD 4.4]) than among
those who self-reported their physical health as “fair”/“poor”
(7.8 [SD 2.1]) (P=.05). Lastly, the mean (SD) scores of the
participants at clinic site 1 (13.2 [SD 4.5]) were higher than
those of the participants at clinic site 2 (5.8 [SD 5.7]) (P=.003).

Discussion
Principal Results
To the best of our knowledge, this is the first study to evaluate
the feasibility of a patient-facing mobile app that collects ePROs
specifically for HNC survivors. Our results indicate that
participants considered LogPAL as a feasible approach by
meeting the a priori criteria. Our findings highlight the potential
that mHealth apps have to improve symptom control and
promote self-management of symptoms to improve health
outcomes and quality of life. These findings are encouraging
now more than ever, as the COVID-19 pandemic has placed
https://formative.jmir.org/2021/3/e24667
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greater importance on remote technology-enabled monitoring
of high-risk patients through a digital platform. We believe that
there is a greater need to develop an approach that allows HNC
survivors to feel that their unique symptom needs are met and
to have the ability to access straightforward information and
valued material that address relevant issues.

Comparison With Prior Work
With the ubiquity of mobile phones in our society, there is a
growing interest in and use of mobiles apps for patients with
cancer to self-manage symptoms during treatment and those
that persist into survivorship [37]. These apps have the potential
to provide individually tailored self-management advice for
different participants during their survivorship at home [38].
Furthermore, mHealth apps can increase patient engagement in
their own recovery, provide better patient-provider
communication, and flag patients at risk for readmission, thereby
facilitating potential early interventions. Results from this study
demonstrate that participant adherence (17/32, 53%) was
congruent with that reported in previous studies that defined
usage as over 50% of the participants that actually use an
eHealth PRO intervention as intended. Other recent single-arm
pilot trials have shown higher adherence rates; 1 mHealth ePRO
study among patients with prostate cancer found that 86%
(25/29) of the participants satisfactorily completed 60% of the
weekly questions over a 3-month period [39]. Another pilot
study of 10 patients with gynecological cancers who received
palliative chemotherapy showed >70% adherence to daily
smartphone surveys >4 days per week [40]. One explanatory
factor for this inconsistency is the lack of clarity regarding
evaluation methodologies, leading to substantial heterogeneity
in the reported outcomes [41]. Recent attempts to meaningfully
summarize indicators used in pilot studies have led to the
creation of a lexicon of the most commonly used terms to
identify effective app components [34,42]; however, a
conceptually coherent framework is yet to be adapted. Another
possibility to explain the lower engagement is the relationship
between usage and descriptive variables such as age, marital
status, years of education, and socioeconomic status [43].
Concomitantly, we did not find a significant relationship
between ePRO usage among patients with HNC and the common
descriptive mediating factors [44]. However, additional variables
such as physical health, physical activity, and site of recruitment
were not previously investigated. As such, these findings were
unexpected and suggest that those who have self-perceived
better physical health and those who are more physically active
than those of their age may lead to higher engagement. It is
important to note that there is strong evidence to show that usage
of mobile phones and wearable devices increases physical
activity and health, which significantly reduces cancer-related
symptoms/side effects, leads to greater quality of life [45,46],
as well as good retention rates and adherence. However, further
investigation is needed to determine the relationships.
Additionally, clinic site 2 had notably lower retention and
adherence rates compared to clinic site 1. Clinic site 2 is located
in an ambulatory clinic within an urban hospital with 1 surgeon
seeing those patients. In contrast, clinic site 1 is located in an
outpatient ambulatory clinic in a suburban hospital campus,
with 3 different surgeons seeing patients. The recruitment staff
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at site 1 were different from those at site 2. Lastly, our results
corroborated the need to develop cancer-supportive digital
interventions that are interactive and tailored [47]. Integrating
relevant information such as Self Care Tips as participants
progress has been suggested as a way to maintain and enhance
patients’ experience of personal relevance [42]. In the future
iterations, it might be beneficial to integrate an option for
participants to include or supplant symptoms or concerns in
PROs to make it more person-facing.

its generalizability and not typifying those of the wider
population. Third, patients who were enrolled in the study may
be healthier than a general HNC follow-up population, thereby
potentially biasing the engagement and usage figures to appear
higher than they would be in a generalized population. Lastly,
more rigorous recruitment protocols are needed to ascertain
equitable retention rates. Additional updates and development
of an Android version will help reduce these biases.

Limitations

This study has provided preliminary evidence to suggest that
the LogPAL app is a feasible and acceptable mHealth
intervention that collects PROs to improve symptom
management and proactively detect serious downstream
complications among HNC survivors. The success of this
feasibility study presents support for conducting a larger,
multisite, randomized clinical trial to assess the efficacy of
LogPAL with an active control and more heterogenous sample
size.

This study is not without limitations. First, the app is currently
only available on iPhone operating system (Apple iPhone and
iPad) devices, which potentially caused selection bias (during
enrollment) for age, ethnicity/race, education, and
socioeconomic factors. Second, although the demographic
characteristics of our cohort were slightly more heterogenous
than those in most cancer pilot studies [48], this study was
conducted in a single multi-site health system, thereby limiting

Conclusions
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Abstract
Background: Insomnia and sleep disturbance are pervasive and debilitating conditions affecting up to 40% of adolescents.
Women and girls are at greater risk of insomnia, yet differences in treatment responsiveness between genders have not been
adequately investigated. Additionally, while women report greater symptom severity and burden of illness than men, this
discrepancy requires further examination in adolescents.
Objective: The purpose of this study was to examine gender differences in sleep symptom profiles and treatment response in
adolescents.
Methods: Digital cognitive behavioral therapy for insomnia (CBT-I) treatment responsiveness, as indexed by changes in
Insomnia Severity Index (ISI) and Global Pittsburgh Sleep Quality Index (PSQI) scores, was compared in boys and girls (aged
12-16 years; N=49) who participated in a pilot evaluation of the Sleep Ninja smartphone app. Gender differences in self-reported
baseline insomnia symptom severity (ISI), sleep quality (PSQI), and sleep characteristics derived from sleep diaries were also
examined.
Results: Compared with boys, we found that girls reported greater symptom severity (P=.04) and nighttime wakefulness (P=.01
and P=.04) and reduced sleep duration (P=.02) and efficiency (P=.03), but not poorer sleep quality (P=.07), more nighttime
awakenings (P=.16), or longer time to get to sleep (P=.21). However, gender differences in symptom severity and sleep duration
were accounted for by boys being marginally younger in age. Treatment response to CBT-I was equivalent between boys and
girls when comparing reductions in symptom severity (P=.32); there was a trend showing gender differences in improvements
in sleep quality, but this was not statistically significant (P=.07).
Conclusions: These results demonstrate the presence of gender differences in insomnia symptoms and severity in adolescents
and suggest further research is required to understand gender differences in insomnia symptom profiles to inform the development
of gender-specific digital interventions delivered to adolescents.
(JMIR Form Res 2021;5(3):e22498) doi:10.2196/22498
KEYWORDS
insomnia; gender differences; adolescents; sleep disturbance; sleep quality; sleep; gender; digital interventions

Introduction
Insomnia, defined as difficulty initiating or maintaining sleep
with an associated impairment in daytime functioning [1], is a
https://formative.jmir.org/2021/3/e22498
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pervasive problem affecting 4%-18.5% of adolescents, in
addition to 40% experiencing subthreshold symptoms and
insufficient sleep [2-5]. Insomnia and disturbed and insufficient
sleep impact adolescents’ academic, social, emotional, and
behavioral development [6]. Difficulties with sleep also often
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accompany mental health disorders, such as depression, and
contribute to their maintenance and burden of illness [7].
Moreover, there is a well-established link between sleep
disturbance and the onset of depression in adolescents,
emphasizing the need for effective interventions to ensure
adequate sleep duration and quality in this population [8-10].
The exact cause of insomnia has not yet been identified but is
likely to involve complex interactions between genetic,
neurological, behavioral, cognitive, and emotional factors (eg,
[11,12], particularly during adolescence [13]. One factor
identified to be a likely contributing candidate is gender. Girls
and women are 50% more likely to develop insomnia [14,15]
compared with adolescent boys and men. One recent large-scale
study examining insomnia symptoms in boys and girls aged
6-17 years found that pubertal maturation in girls was associated
with increased prevalence and severity of insomnia symptoms,
indicating that gender discrepancies in insomnia emerge at
puberty [16]. Women also report greater symptom severity and
perceived burden of illness [17] and more difficulty falling
asleep and nighttime wakefulness than men [18]. Only one study
has investigated gender discrepancies in sleep characteristics
in adolescents. This study recruited a large cohort of more than
10,000 Norwegian adolescents with a mean age of 17 years and
found that girls reported taking longer to get to sleep (sleep
onset latency [SOL]: 51 minutes vs 43 minutes), experienced
greater durations of wakefulness after sleep onset (wake after
sleep onset [WASO]: 17 minutes vs 12 minutes), and reported
a greater perceived need for sleep (8 hours 43 minutes vs 8
hours 26 minutes) [4].
Cognitive behavioral therapy for insomnia (CBT-I) is the
gold-standard psychological treatment for insomnia and is
effective for adults [19-22] and adolescents [23]. CBT-I consists
of two main components. The first is cognitive therapy, which
provides the individual with strategies to reevaluate catastrophic
beliefs about sleep and manage sleep-inhibiting cognitive
processes, such as worry and rumination. The second is the
behavioral component, which encourages the application of
behaviors associated with improved sleep, such as a consistent
sleep routine and the elimination of daytime naps (for review,
see [1]). CBT-I can be delivered in its traditional face-to-face
format [20,24] or digitally as a web-based program [23] or
smartphone app [25]. Face-to-face and digitally delivered CBT-I
have been found to be equally beneficial [23]. However, digitally
delivered CBT-I has the benefit of addressing several barriers
to treatment identified in adolescents, such as accessibility and
affordability, and allowing a degree of privacy to reduce
concerns related to stigma, making digital delivery a particularly
good treatment option for this age group. Regardless of delivery
format, there is significant variability between individuals in
treatment response. One potential source of treatment response
variability may be the aforementioned gender differences in
sleep symptom profiles. However, despite well-documented
gender differences in insomnia prevalence, gender differences
in insomnia treatment responsiveness have not been adequately
investigated in either adults or adolescents. Specifically, only
2 studies have intentionally investigated the contribution of
gender to treatment outcomes. One study examined the extent
to which several demographic factors, including income, race,
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gender, age, and education, moderated treatment response in
358 adults with insomnia [26]. Neither gender nor any of the
remaining demographic factors were significant moderators of
CBT-I treatment response as measured by the Insomnia Severity
Index (ISI). In a smaller study, Lami et al [27] investigated
differential CBT-I treatment response in adult men (n=13) and
women (n=15) with fibromyalgia (a condition characterized by
persistent pain that disproportionately affects women).
Consistent with Cheng et al [26], there were no gender
differences in treatment response. We are unaware of any studies
that have explicitly explored gender differences in treatment
response in adolescents. Understanding whether gender
differences in symptom profiles and treatment response are
present during adolescence, when symptoms often first emerge
[28], could assist in improving CBT-I outcomes by tailoring
them to the needs of the individual’s gender, rather than applying
a “one size fits all” approach. This knowledge is particularly
important when designing digitally delivered interventions as
a face-to-face therapist is not present to adjust the intervention
according to the individual’s needs.
The purpose of this study was primarily to investigate possible
gender differences in self-reported insomnia symptom severity,
sleep quality, and sleep characteristics in adolescents; the
secondary purpose was to examine gender differences in CBT-I
treatment response in terms of improvements in self-reported
insomnia symptoms and sleep quality. Baseline and
posttreatment scores on the ISI and Pittsburgh Sleep Quality
Index (PSQI) and baseline-only sleep diary variables were
compared between girls and boys aged 12-16 years that
participated in a published single-group, pre-post pilot trial
evaluating the efficacy of a digital CBT-I intervention for
adolescent insomnia [29]. Sleep diary variables were included
in addition to the PSQI to provide a report of current sleep
characteristics (eg, nighttime wakefulness, difficulty falling
asleep). Based on the adult literature, we predicted girls would
report worse symptom severity, sleep quality, and sleep
characteristics consistent with sleep disturbance compared to
boys. Based again on the adult literature, we did not anticipate
finding significant gender differences in CBT-I treatment
response in an adolescent sample.

Methods
Participants
This study used data from 49 young people who participated in
a pilot trial evaluating Sleep Ninja, a CBT-I smartphone app
for young people [29]. Three hundred individuals expressed
interest in participating in the Sleep Ninja pilot trial. Of those,
60 reported meeting inclusion criteria and provided written
informed consent, along with parental or carer consent, before
being formally screened for eligibility. Of these, 10 were not
enrolled in the trial, including 4 who did not meet inclusion
criteria and 6 who withdrew prior to the trial. Withdrawal
reasons included change of mind (n=1), lack of time (n=2), and
finding participation a chore (n=1), and 1 person did not provide
a reason. Of the remaining 50 participants, 1 was excluded from
this study because they did not disclose gender, and 1 boy and
1 girl completed fewer than 6 sleep diaries so were not included
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in baseline sleep variable comparisons. Gender was assessed
via an item on the demographic survey, which asked “What is
your gender?”, with possible responses being male, female, or
other. Participants were not excluded based on reported gender.
Participants were 33 girls and 16 boys aged between 12 and 16
years who met the study inclusion criteria of at least mild
insomnia symptoms (operationalized as endorsement of at least
one of the first three items on the ISI: difficulty falling asleep,
difficulty staying asleep, or waking up too early) and access to
a smartphone, internet, and a valid email address.
Thirty-three adolescents completed postintervention assessment.
Two were not invited to complete the postintervention
assessment because they did not download the Sleep Ninja app.
The attrition rates from preintervention to postintervention
assessment were similar among boys (6/16, 38% attrition) and
girls (10/33, 30% attrition).

Measures
Insomnia Severity Index (ISI)
The ISI is a 7-item self-report measure of insomnia symptoms
over the previous 2 weeks that is psychometrically sound
[30]. Responses are reported on a Likert scale from 0 to 4,
producing total scores of 0-28. Cutoff scores are as follows: 0-7
reflects no clinically significant insomnia, 8-14 indicates
subthreshold insomnia, 15-21 suggests moderate severity
insomnia, and 22-28 indicates severe insomnia [30]. The ISI
was designed for use in adults but has been widely administered
to, and validated in, adolescent samples [31-33]. In one
adolescent validation study, reliability was strong (Cronbach
α=.83), and test-retest reliability was acceptable (r=0.79) [33].

Pittsburgh Sleep Quality Index (PSQI)
The PSQI is a 19-item self-report scale that is widely used to
assess usual sleep habits and experiences over the preceding
month. It has been validated in adolescent samples, with strong
internal consistency (α=.72) and test-retest reliability over a
6-week period (r=0.81) [34]. There are 7 subscales, which are
sleep quality, sleep latency, sleep duration, habitual sleep
efficiency (SE), sleep disturbances, use of sleeping medications,
and daytime dysfunction [35]. Each component is scored from
0 (no difficulty) to 3 (severe difficulty), and the components
are summed to obtain a Global PSQI score ranging from 0 to
21 [34]. The Global PSQI score was used in this study because
it is a valid representation of self-reported sleep quality
[21,36,37].

Sleep Diary
The 10-item sleep diary was developed by the research team
by incorporating the questions from the Consensus Sleep Diary
[38], with the addition of 2 questions regarding daytime naps
and use of sleep medication. Participants answered 10 questions,
which included bedtime, time taken to fall asleep (SOL), number
and duration of nighttime awakenings (number of awakenings;
NWAK), duration of wakefulness after sleep onset (WASO),
time of final awakening, time participants got out of bed for the
day, subjective sleep quality, how refreshed participants felt on
awakening, duration of any daytime naps, and use of sleep
medication. Sleep diary variables obtained via self-report have
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been found to be consistent with more objective (eg,
polysomnography) measures of sleep characteristics [39-41]
and were included in this study to provide as objective a report
of sleep characteristics as possible in the absence of objective
measures. Further details regarding the sleep diary can be found
in Werner-Seidler et al [42].

Intervention: Sleep Ninja
The Sleep Ninja app and the process employed in its design are
described in detail by Werner-Seidler et al [42,43]. It is derived
from CBT-I and functions as a fully automated smartphone app
consisting of six sequential lessons (each taking 5-10 minutes
to complete) delivering core CBT-I strategies: psychoeducation,
stimulus control, sleep hygiene, and sleep-focused cognitive
therapy. The intervention also includes a sleep tracking function,
recommended bedtimes based on sleep guidelines, reminders
to start a wind-down routine each night, a series of sleep tips,
and general information about sleep. The lessons are delivered
via a chatbot feature where the sleep ninja acts as a sleep coach.
The chatbot feature contains forced choice responses allowing
the “chat” to be responsive to the input of the user by
personalizing information and recommendations based on the
selections and sleep profile recorded by the user. Upon
completion of a lesson and 3 nights of sleep tracking (out of a
7-night period), users level up and reach their next “belt.”

Procedure
This study was conducted with written consent from each
participant and their parent or carer, and all procedures were
carried out in accordance with the Declaration of Helsinki and
approved by the University of New South Wales Human
Research Ethics Committee (approval number: HC16702).
Participants were recruited through media and social media
channels, including the Black Dog Institute’s website and paid
Facebook advertisements that targeted potential participants
and their parents between April and June 2017. After providing
their consent and parental consent via the study website,
participants were invited to complete screening questionnaires
to verify study eligibility. They then completed demographic
and baseline questionnaires (delivered online and described in
detail by Werner-Seidler et al [29]): ISI [30] and PSQI [34] to
measure symptom severity and sleep quality, respectively, and
a 7-day sleep diary to provide a current report of sleep
characteristics. We included measures of symptom severity
(reflecting symptoms of disorder, including functional impact)
and sleep quality (a more general construct related to sleep
quality and duration) because, despite typically co-occurring,
a subclinical population may experience poor sleep quality in
the absence of insomnia symptoms. The Patient Health
Questionnaire–Adolescent Version and Generalized Anxiety
Disorder–7 were also administered as part of the larger study
with outcomes reported by Werner-Seidler et al [29]. Following
completion of the sleep diary, participants gained access to
Sleep Ninja for 6 weeks before completing the same battery of
questionnaires (posttreatment), resulting in a 6-week interval
between baseline and posttreatment assessments. Lesson
completion was automatically recorded by the app.
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Statistical Analysis
To determine gender differences in symptom severity and sleep
quality, two-tailed independent-samples t tests were conducted
on baseline ISI and Global PSQI scores, respectively. To
determine possible differences between girls and boys on sleep
diary variables, summary scores for each variable at baseline,
including total sleep time (TST), total wake time (TWT), SOL,
WASO, NWAK, and SE, were derived by averaging the 7
baseline sleep diary entries and compared using two-tailed
independent-samples t tests (participants completing fewer than
6 entries were excluded to ensure reliability [44]). Gender
differences in demographics between boys and girls were
examined using Fisher exact tests.
Since there was a trend in differences in age between boys and
girls, though these differences were not significant, post hoc
linear regressions were conducted for each sleep outcome,
entering gender (coded as 0=male, 1=female) and age as
predictors to determine whether gender predicted insomnia
symptom severity, sleep quality, and sleep characteristics when
controlling for age.
To examine whether gender predicted declines in ISI and PSQI
from pretreatment to posttreatment, we conducted hierarchical
linear mixed models using SPSS (version 25; IBM Corp) with
restricted maximum likelihood estimation. This modelling
approach handles missing data by incorporating all available
data from each participant into the analysis. Data from the
pretreatment and posttreatment time points were grouped by
participant. Participant was specified as a random factor, and
time, gender, and age were specified as fixed factors. The
outcome variables were ISI and PSQI at both time points, with
gender as the predictor. Time was coded as 0 for pre and 1 for
post, and gender was coded as 0 for male and 1 for female
participants. We specified two sets of multilevel models for
each outcome variable. In the first model we entered time,
gender, and age as predictors, and in the second model we added
the two-way interactions between time and gender, time and
age, and age and gender. For all models, we specified a random
intercept, which allows participants’ mean levels of each
outcome to vary. Intraclass correlations (ICCs) were calculated
for ISI and PSQI based on intercept-only models. ICC values
indicate the amount of variance accounted for by within-person
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variability. Convention suggests that variables with ICC values
greater than 0.10 show sufficient dependency to be analyzed
with multilevel modelling [45]. ICCs were 0.42 for ISI and 0.81
for PSQI.

Results
Gender Differences in Baseline Symptoms
Baseline score comparisons are presented in Table 1. Boys and
girls did not significantly differ in age or city residence;
however, more girls than boys were currently using medication
and receiving mental health treatment. Girls had significantly
higher ISI scores at baseline (t47=−2.13, P=.04; Cohen d=0.60),
suggesting significantly greater symptom severity compared to
boys. Differences in PSQI scores did not reach significance
(t47=−1.90, P=.07; d=0.57), suggesting negligible differences
between girls and boys in sleep quality. Girls reported
significantly greater WASO and TWT and significantly reduced
TST and sleep efficiency compared to boys (t44=−2.72, P=.01,
d=0.54; t45=−2.12, P=.04, d=0.24; t45=2.34, P=.02, d=0.68;
t45=2.28, P=.03, d=0.30, respectively) but no difference in SOL
or NWAK (P=.21 and P=.16, respectively).
Post hoc linear regressions found that when controlling for age,
gender predicted WASO (t44=2.07, P=.04; f2=0.09), TWT
(t45=2.39, P=.02; f2=0.13), and SE (t45=−2.18, P=.03; f2=0.11).
In contrast, when controlling for age, gender did not predict
baseline ISI (t47=1.42, P=.16; f2=0.04), PSQI (t47=1.31, P=.20’
f2=0.04), SOL (t45=−0.57, P=.23; f2=0.04), or NWAK (t45=0.88,
P=.39; f2=0.02) or TST (t45=1.45, P=.15; f2=0.04). Notably,
two variables identified as showing gender differences in the t
tests, ISI and TST, were not significant predictors in the linear
regressions, suggesting baseline gender differences in these
variables are accounted for by boys being marginally younger
in age.
Of relevance to the current study, there were no differences
between boys and girls in the number of Sleep Ninja lessons
completed (P=.42). Information regarding uptake and adherence
to the intervention can be found in Werner-Seidler et al [42].
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Table 1. Participant characteristics and baseline sleep symptoms.

a

Characteristic

Male

Female

P value

Age (years), mean (SD)

13.70 (1.04)

14.47 (1.51)

.07

Reside in city, n (%)

13 (81)

30 (91)

.38

MHa treatment,b n (%)

0 (0)

13 (39)

.004

Medication use,c n (%)

1 (6)

13 (39)

.02

ISI,d mean (SD)

7.90 (4.63)

9.87 (5.00)

.04

Global PSQI,e mean (SD)

7.40 (3.78)

7.91 (3.90)

.07

SOL,f,g mean (SD)

0.82 (0.75)

0.73 (0.54)

.21

NWAK,f,h mean (SD)

1.50 (2.31)

0.65 (0.69)

.16

WASO,f,i mean (SD)

0.12 (0.18)

0.24 (0.26)

.01

TWT,f,j mean (SD)

1.13 (0.88)

1.40 (1.32)

.04

TST,f,k mean (SD)

8.74 (0.65)

8.14 (1.07)

.02

SEl (%), mean (SD)

88.70 (8.41)

85.80 (10.74)

.03

MH: mental health.

b

Predominantly psychology.

c

Predominantly antidepressants, hormonal contraceptives, and melatonin.

d

ISI: Insomnia Severity Index.

e

PSQI: Pittsburgh Sleep Quality Index.

f

In hours, derived by averaging the 7 baseline sleep diary entries.

g

SOL: sleep onset latency.

h

NWAK: number of awakenings.

i

WASO: wake after sleep onset.

j

TWT: total wake time.

k

TST: total sleep time.

l

SE: sleep efficiency.

Gender Differences in Treatment Response
Change in ISI and PSQI scores from pretreatment to
posttreatment for each participant, grouped by gender, is
represented in Figure 1. Results from the mixed-model analysis
are presented in Table 2. For insomnia symptom severity, time
was a significant predictor of ISI in both models. The coefficient
was negative, indicating that scores on the ISI decreased from
pretreatment to posttreatment. Gender did not reach significance
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in either model. The gender by time interaction in model 2 was
not significant. Age was not a moderator of any effect.
For sleep quality, time was a significant predictor of PSQI in
model 1. The coefficient was negative, indicating that scores
on the PSQI decreased from pretreatment to posttreatment.
However, time did not remain a significant predictor of PSQI
in model 2. Gender did not reach significance in either model.
There was a trend in the gender by time interaction in model 2,
but it was not significant. Age was not a moderator of any effect.
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Figure 1. Pretreatment and posttreatment scores for the ISI (A) and PSQI (B) for each participant, grouped by gender. ISI: Insomnia Severity Index.
PSQI: Pittsburgh Sleep Quality Index.
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Table 2. Results from the hierarchical linear mixed models.
Characteristic

Parameter estimate

SE

95% CI

P value

Intercept

1.94

6.21

−10.55 to 14.43

.76

Time

−4.83

0.63

−6.1 to −3.56

<.001

Gender

1.6

1.32

−1.06 to 4.26

.23

Age

0.8

0.46

−0.13 to 1.73

.09

Intercept

0.72

14.61

−28.66 to 30.12

.96

Time

−15.44

6.43

−28.5 to −2.38

.02

Gender

8.13

16.15

−24.39 to 40.66

.62

Age

0.87

1.1

−1.34 to 3.09

.43

Time×gender

−1.38

1.4

−4.13 to 1.37

.32

Time×age

0.84

0.47

−0.13 to 1.8

.09

Gender×age

−0.45

1.2

−2.87 to 1.97

.71

Intercept

1.25

5.82

−10.49 to 12.99

.83

Time

−2.13

0.45

−3.01 to −1.21

<.001

Gender

1.02

1.24

−1.43 to 3.57

.39

Age

0.61

0.43

−2.66 to 1.48

.17

Intercept

8.87

13.63

−18.61 to 36.34

.52

Time

−2.06

4.58

−11.42 to 7.29

.66

Gender

−7.77

15.15

−38.32 to 22.78

.61

Age

0.004

1.03

−2.06 to 2.07

>.99

Time×gender

−1.82

0.96

−3.79 to 0.16

.07

Time×age

0.08

0.34

−0.6 to 0.77

.80

Gender×age

0.71

1.13

−1.57 to 2.98

.54

ISIa
Model 1

Model 2

PSQIb
Model 1

Model 2

a

ISI: Insomnia Severity Index.

b

PSQI: Pittsburgh Sleep Quality Index.

Discussion
This study compared self-reported insomnia symptom severity,
sleep quality, sleep characteristics, and CBT-I treatment
response between adolescent girls and boys with at least mild
symptoms of insomnia. The results supported some of our
predictions by showing that girls more often than boys reported
sleep characteristics consistent with disturbed sleep, including
increased nighttime wakefulness and reduced sleep efficiency.
However, contrary to predictions, we found no differences in
self-reported sleep quality on the PSQI or in difficulty falling
asleep, and gender differences in symptom severity and total
sleep duration were accounted for by boys being marginally
younger in age. It is not immediately clear why girls reported
sleep characteristics consistent with disturbed sleep but not
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poorer sleep quality on the PSQI or insomnia symptoms on the
ISI (when controlling for age) compared to boys. One possible
explanation is the nonclinical sample examined in the current
study. Individuals with milder symptoms may experience greater
symptom fluctuation consistent with individuals in the early
stage of disorder development (prodromal phase; eg, [46]),
which may be more effectively captured in state-based measures
(eg, daily sleep diary) compared to trait-based measures reliant
on self-report (eg, PSQI and ISI measure sleep parameters over
the past 4 and 2 weeks, respectively).
Increased wakefulness after sleep onset in girls in the current
study is consistent with previous reports showing women and
adolescent girls more often report sleep characteristics consistent
with increased nighttime wakefulness [4,18]. However, unlike
these previous studies, we did not specifically find that girls
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reported more difficulty falling asleep. The previous studies
were conducted in adults and in a cohort of adolescents with an
average age of 17 years (compared to 14.5 years in the current
study), which might account for these differences. Regardless,
our results indicate that gender differences in sleep
characteristics in older adolescents and adults are at least
partially present in younger adolescents (in addition to reduced
sleep efficiency in girls). One possible explanation for increased
sleep disturbance in girls is the propensity for adolescent and
adult females to engage in unhelpful cognitive processes, such
as rumination and worry, relative to males [47,48]. Rumination
and worry play a central role in sleep disturbance in a range of
contexts, including in individuals with sleep disturbances [49],
individuals with other mental disorders [50], and healthy
individuals [51]. For example, Harvey’s [52] cognitive model
of insomnia postulates that excessive worry about sleep and the
consequences of poor-quality sleep triggers autonomic arousal,
emotional distress, and excessive monitoring of threats to sleep
quality (eg, indicators of insufficient sleep or poor functioning
during the day), which ultimately results in real deficits in sleep.
Thus, established gender differences in worry make these factors
that are critical to the development and maintenance of sleep
disturbance good candidates to explain gender differences shown
in this study. Future studies could employ measures of
rumination and worry alongside sleep measures to determine
the extent to which they moderate gender differences in
symptoms.
Adolescence has been identified as a period of substantial
change in terms of biopsychosocial development, which has
been attributed to changing sleep patterns in both genders in
this age group [13]. However, pubertal maturation seems to be
particularly significant for girls in regard to sleep. Several
studies have found that in girls, but not boys, the onset of
pubertal maturation is a significant risk factor in the
development of insomnia and is associated with increased
symptom severity [16,17]. Therefore, another possible
mechanism underlying gender differences in pretreatment
symptoms is hormonal fluctuations associated with the onset
of puberty in girls. The menstrual cycle is a major source of
hormonal fluctuations in estradiol and progesterone over a
4-week period. Estradiol and progesterone levels are initially
low (follicular phase), with a midcycle peak in estradiol
indicating ovulation, followed by a rise in both estradiol and
progesterone during the second half of the cycle before declining
to the initial low levels (luteal phase). In support of this notion,
adult women self-report poorer sleep quality during periods of
hormonal flux, including the luteal phase of the menstrual cycle,
perinatal period and menopause [17,18,53]; however, the
association between sex hormones and more objectively
measured sleep variables (eg, via polysomnography) is more
contentious [54]. The nature of the association between pubertal
maturation and insomnia prevalence and disturbed sleep
characteristics, including the potential role of fluctuating sex
hormones, requires further examination.
Despite pretreatment differences in symptom severity, boys and
girls responded comparably to CBT-I, as evidenced by
comparable reductions in symptom severity. On the one hand,
it is encouraging that despite greater pretreatment symptom
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severity, girls gain the same benefits from treatment as boys.
On the other hand, equivalent treatment-elicited symptom
reduction would suggest gender differences in symptom severity
at baseline are maintained posttreatment, which we speculate
may render girls more vulnerable to relapse than boys. More
work in this area is required to determine if differences remain
between boys’ and girls’ posttreatment symptom levels. We
were unable to adequately analyze this here due to participant
attrition and therefore an incomparable sample at baseline and
posttreatment. Future studies could also examine if there are
gender differences in responsiveness to certain treatment
elements. For example, as girls engage in more rumination and
worry [47,48], which are perpetuating features of insomnia (as
discussed above), they may benefit from extending the cognitive
aspect of CBT-I to reduce the frequency of these cognitive
maintaining factors and thus limit ongoing sleep disturbance.
These ideas require further investigation to refine
gender-specific delivery of CBT-I.
Our study had several limitations, namely the lack of a
nontreatment control group to exclude the possibility that
participants responded to some nontherapeutic aspect of CBT-I.
Our study also relied on subjectively reported sleep diary
variables. The inclusion of polysomnography or actigraphy
would help establish gender differences in objectively measured
sleep parameters. However, the presence of gender differences
on some sleep characteristics but not others in the current study
suggests that our results are not merely driven by a bias for girls
to overreport (or boys to underreport) symptoms in general. A
disproportionate number of girls participated in this study. This
is consistent with male to female participant ratios reported in
similar studies evaluating CBT-I in adolescents that use a range
of recruitment strategies (eg, community recruitment via a study
website [23] and outpatient mental health clinics [55]). This
suggests gender disparity in participation is representative of
the increased prevalence of sleep problems in girls compared
to boys in the community. The small sample size, particularly
the small sample of boys, should also be taken into consideration
when interpreting the current results. It is possible that a lack
of power to detect significant effects concealed true differences
between boys and girls in treatment response (particularly in
reductions in sleep quality, in which there was a trend, though
it was not statistically significant) and baseline sleep
characteristics. Future studies could ensure adequate power to
detect possible gender differences by recruiting larger samples
with equal numbers of boys and girls.
A further limitation is that the current study did not assess
pubertal maturation, which has previously been shown to be
associated with gender differences in insomnia [16]. This
information would have provided greater insight into the
potential role of hormonal fluctuation in girls’ experience of
sleep disturbance. Despite these limitations, our study has
demonstrated the importance of continued investigation into
understanding the nature of gender differences in insomnia and
sleep disturbance in adolescents. This knowledge could be
applied in future research aimed at refining insomnia
interventions according to the unique needs of each gender,
especially in digital interventions as this could inform
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onboarding processes to facilitate the personalization of the
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intervention to the benefit of both genders.
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Abstract
Background: Given their growing popularity, mobile health (mHealth) apps may offer a viable method of delivering psychological
interventions for people with an atypical appearance (ie, visible difference) who struggle with appearance-related distress.
Acceptance and Commitment Therapy (ACT), a third-wave cognitive behavioral approach, has been used effectively in mHealth
and is being increasingly applied clinically to common psychosocial difficulties associated with visible differences. We planned
to design an ACT-based mHealth intervention (ACT It Out) for this population.
Objective: The aim of this study is to gain key stakeholder input from user representatives and psychological clinicians to
optimize the intervention’s design for future development and uptake. To do so, we explored considerations relating to mHealth
as a delivery platform for adults with visible differences and elicited stakeholders’ design preferences and ideas based on initial
author-created content.
Methods: Within a participatory design framework, we used a mix of qualitative methods, including usability sessions and a
focus group in a face-to-face workshop, and interviews and textual feedback collected remotely, all analyzed using template
analysis. A total of 6 user representatives and 8 clinicians were recruited for this study.
Results: Our findings suggest that there are likely to be strengths and challenges of mHealth as an intervention platform for the
study population, with key concerns being user safeguarding and program adherence. Participants expressed design preferences
toward relatable human content, interactive and actionable features, flexibility of use, accessibility, and engaging content.
Conclusions: The findings offer valuable design directions for ACT It Out and related interventions, emphasizing the need to
carefully guide users through the intervention while acknowledging the limited time and space that mHealth affords.
(JMIR Form Res 2021;5(3):e26355) doi:10.2196/26355
KEYWORDS
mobile health; acceptance and commitment therapy; appearance; qualitative; participatory design; mobile phone
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Introduction
Background
There are multiple reasons why someone may have an unusual
physical appearance, or visible difference. Some live with a
visible difference from birth, such as people with congenital
craniofacial conditions, whereas others acquire a difference as
a result of skin disease, injury, and/or medical treatment. In the
United Kingdom alone, for example, around 1 in 60 people are
estimated to have a visible difference [1]. Many affected
individuals thrive; however, in appearance-focused Western
cultures in which intrusive scrutiny of those who look different
is commonplace, many others experience difficulties, including
social anxiety and withdrawal, depression, body dissatisfaction,
and low quality of life [2]. Specialist cognitive behavioral
interventions show promise in addressing these concerns,
typically incorporating social skills training to manage difficult
interpersonal interactions [3,4].
In the context of limited specialist face-to-face psychological
services for adults with visible differences internationally [5],
there is an established need for self-help interventions catering
to the specific experiences of this population [6]. Some prefer
remote support, for example, because it is less stigmatizing [7];
others have limited or no access to specialist face-to-face
services [8]. The review by Muftin and Thompson [8] provides
preliminary support for web-based self-help in addressing
appearance-based anxiety in adults with visible differences.
However, the self-management landscape has since shifted,
smartphones having overtaken laptops as many people’s primary
electronic device [9], and individuals increasingly seek mobile
health (mHealth) and mental health apps over web-based formats
[10,11]. The aim of our overall project is to design, develop,
and evaluate a standalone mHealth intervention, ACT It Out,
for adults with visible differences experiencing
appearance-related distress; to the authors’ knowledge, this is
the first of its kind. This study describes formal stakeholder
involvement at the design stage.

Acceptance and Commitment Therapy
Acceptance and Commitment Therapy (ACT), an established
third-wave cognitive behavioral therapy and behavior change
model [12], underpins ACT It Out. ACT has been applied to
mHealth interventions, with evidence for ACT-based mHealth
in enhancing well-being and valued action [13], reducing social
anxiety in a clinical population (alongside internet-delivered
treatment) [14], and enabling smoking cessation [15].
Psychologists across Europe report using ACT with patients
who have visible differences and note its suitability for the
population [16,17]. A detailed exposition of how ACT fits the
population’s needs is given by Zucchelli et al [18].
The process of change targeted in ACT is psychological
flexibility, the capacity to direct one’s behaviors in accordance
with personally held values, thus paying mindful attention both
to facilitate valued action and to fully experience its fruition
[19,20]. A total of 6 subprocesses mutually develop
psychological flexibility: acceptance (willingness to experience
private events including unwanted ones); cognitive defusion
(loosening thoughts’ literality); present-focused attention, self
https://formative.jmir.org/2021/3/e26355
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as context (deidentifying from private events); understanding
and clarifying one’s values (desired qualities of behavior); and
committed value-oriented action [19]. Self-compassion is
increasingly recognized as an inherent component of
psychological flexibility and is specifically nurtured alongside
the 6 subprocesses [21]. The converse of 2 of these
subprocesses, cognitive fusion (converse of defusion) and
experiential avoidance (converse of acceptance), have been
shown to partially mediate the relationship between how people
with visible differences evaluate their appearance and unhelpful
appearance-focused behaviors, including avoidance of
appearance-related situations and appearance-fixing behaviors
such as covering areas of difference [22].
Psychological flexibility is promoted via mindfulness practices,
experiential exercises, and metaphors, such as passengers on a
bus [23]. This established metaphor describes how private events
(thoughts, feelings, etc)—passengers—often seem to drive our
lives. The metaphor invites us to imagine an alternative where
we, the bus driver, take command of our direction of travel by
establishing where we want to drive (via values) and by adopting
an open, present, and detached relationship with the passengers
and their protestations to accommodate their presence along the
ride. The behavioral goal of ACT It Out is, therefore, to help
users commit to more valued actions and engage in fewer
avoidance-oriented behaviors (eg, avoiding social situations
that evoke appearance anxiety).

Stakeholder Involvement
ACT It Out is a complex mHealth intervention, namely, one
with multiple interacting components targeting new behaviors
from its users [24]. In the United Kingdom, where this project
is based, the UK Medical Research Council recommends
involvement from key stakeholders, including end users, at the
design stage of complex interventions [25]. Participatory design
methods, which facilitate representative end users’ perspectives,
preferences, and ideas, are also vital in making any digital
intervention appealing and accessible to its target user group
[26]. Participatory methods and input from clinicians are also
specifically recommended in mental health apps internationally
to confer trustworthiness [27]. Accordingly, the authors
collaborated in a participatory approach with experts by lived
experience (user representatives) and clinical experience
(clinicians) in designing ACT It Out. The aim of this study is
to gain user representatives’ and clinicians’ perspectives using
a participatory action procedure [28] to (1) explore the
considerations relating to mHealth as a platform for delivering
psychological intervention to the target group and (2) understand
stakeholders’ design preferences and elicit design ideas based
on viewing an initial version of ACT It Out created by the
authors to help shape the design of ACT It Out. The technical
and financial aspects of development are beyond the scope of
this study.
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Methods
ACT It Out Content
History of the Initial Design
In February 2018, we formed a project team of appearance
psychology researchers, a lead clinician with extensive
knowledge of ACT and visible difference, a lead user
representative also with experience of running a vitiligo support
charity (all of whom are coauthors), a human-computer
interaction expert, and an app developer.
The researchers and lead clinician first sketched out a
preliminary overview of ACT It Out, drawing from knowledge
of ACT (including clinical experience in the case of the lead
clinician) and self-help development as well as literature on
ACT-based mHealth [29] and existing web-based programs for
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adults with visible differences (eg, Face IT) [30]. With input
from the app developer, the project team created a mock-up of
a small portion of the intervention. This was presented to
members of organizations who represent a range of
appearance-affecting conditions at a meeting in February 2018,
to gauge interest, elicit ideas, and gain early feedback on design
ideas. This study was undertaken before the formal process of
stakeholder involvement, which forms the subject of this study.

The Design Presented to Stakeholders
In April 2018, we created a wireframe (screen-by-screen
interface illustration) of the first 2 (of 4) sessions of ACT It Out
using the software tool Balsamiq, based on the aforementioned
background knowledge of authors and relevant visible
differences, mHealth and ACT research, as well as feedback of
organization members from the meeting in February 2018 (a
wireframe screen is shown in Figure 1).

Figure 1. Example wireframe screens produced using Balsamiq.

The wireframe designs subsequently presented to both
stakeholder groups comprised 4 sequential training sessions of
approximately 40 minutes, each subdivided into 3 subsections
https://formative.jmir.org/2021/3/e26355
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(Table 1). We envisaged that users would spend 1 week per
session, during which they would engage in brief activities
designed to cultivate psychological flexibility, such as guided
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mindfulness practices and carrying out self-set valued actions,
aided by reminder notifications.
ACT It Out is facilitated by a preprogrammed human guide (an
expert clinician) who appears in introductory videos in each
session and is shown photographically offering textual tips and
guidance throughout. The ACT model is introduced with an
animated video used in previous ACT self-help interventions
[29] showing passengers on a bus, which continues as the
central metaphor throughout the sessions (eg, with users
recognizing their common appearance-focused thoughts as Your
Appearance Passengers in session 2). The way in which the
ACT model relates to the common challenges experienced by
people with visible differences is incorporated into the guidance
and through real visible difference case examples. Bespoke
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guided mindfulness practices target acceptance, present
attention, cognitive defusion, and self as context (Attention on
your 5 senses in session 1, Attention training: Breath and body
in session 2, Attention training: Managing distress in session
3, and Attention training: In daily life in session 4), alongside
specific experiential cognitive defusion and self-compassion
exercises. A modified values-sorting exercise [23] helps users
clarify their values (Your values in action in session 3), and
users progressively set short-, medium-, and long-term
value-based goals. Social skills training, an evidence-based
approach for adults with visible differences [3,4], is also
presented as a contextually significant facilitator of behavior
change toward valued action (Building on your social skills in
session 3).

Table 1. High-level layout of the ACT It Out version presented to stakeholders.
Session and subsection

Main ACTa processes targeted

Introduction: Getting started
Why ACT It Out?

N/Ab

How your data will be used

N/A

Getting to know you

N/A

1. Building awareness
Passengers on a bus

Open upc

Your appearance passengers

Open up

Attention on your 5 senses

Be presentd

2. Planning your route
Attention training: Breath and body

Self-compassion

Recap and review of between-session activities

Valued actione

Your values in action

Open up, be present

3. Getting social
Recap and review of between-session activities

Self-compassion

Attention training: Managing distress

Open up, be present

Building on your social skills

Valued action

4. Putting your training into action

a

Recap and review of between-session activities

Self-compassion

Attention training: In daily life

Open up, be present

Optional section: Intimacy and visible difference

Valued action

Making a long-term action plan

Valued action

ACT: Acceptance and Commitment Therapy.

b

N/A: not applicable, as the introductory session does not target ACT processes.

c

Open up: acceptance and cognitive defusion.

d

Be present: present attention and self as context.

e

Valued action: values clarification and committed action [23].

Participants
The participants were 14 stakeholders: 6 user representatives
and 8 clinicians. The authors recruited user representatives
through purposively selected charities that serve a cross-section
of appearance-affecting conditions, including cleft lip and/or
https://formative.jmir.org/2021/3/e26355
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palate, alopecia, burns, neurofibromatosis, vitiligo, and Apert
syndrome. We purposively recruited for a gender mix (2 males)
in user representatives and a wide age range (25-68 years), in
an effort not to disadvantage older potential users. Eligibility
included age over 18 years, self-identifying as having a visible
difference, and some experience of psychosocial challenges
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relating to appearance. In addition to the 6 user participants, 1
individual the first author approached was unavailable, and 2
people agreed to take part but were later unable to attend because
of personal reasons.
Through the authors’ professional networks, we purposively
recruited specialist psychological clinicians who have experience
of supporting individuals with visible differences and/or
applying ACT in a health setting. Most were clinical
psychologists (n=6) working for the UK National Health Service
or support charities. In total, 4 clinicians were male and 4 were
female. Another clinician the authors approached was
unavailable to participate. All participants were White and were
based in the United Kingdom.
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Design
Overview
We employed participatory design methods to create a design
via a series of iterations based on stakeholder contributions, as
recommended for complex interventions and mHealth [25,27].
The authors front-loaded user representative input to ensure that
the user perspective was incorporated into the first full draft of
the ACT It Out design, before seeking clinicians’ input. The
full iterative design process within which this study is conducted
is shown in Figure 2. Ethical approval for this research was
obtained from the University Research Ethics Committee.
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Figure 2. Diagram of the iterative design process used in ACT It Out. ACT: Acceptance and Commitment Therapy.

User Representatives
We arranged a user representative workshop in June 2018. The
authors chose a group workshop so that participants could meet
each other, conducive to a sense of commonality, and to mitigate
any potential power imbalance between participants and
researchers. A total of 7 people accepted invitation and 4
attended (all 3 nonattendees notified the researchers).

https://formative.jmir.org/2021/3/e26355
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The first author began the workshop by welcoming user
representatives and giving an overview of the project, and then,
the second author facilitated an icebreaker exercise. This was
followed by one-to-one usability sessions, facilitated by trained
researchers, of the ACT It Out introduction and sessions 1 and
2, in which user representatives viewed paper wireframes
(following feedback from the February 2018 meeting that a
nonclickable smartphone mock-up can cause frustration).
Participants were invited to complete study-specific usability
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feedback forms and describe aloud their experience of using it
as they progressed (think-aloud protocol) [31]. After a break,
the participants took part in a semistructured focus group
facilitated by the first and fifth authors. Topics included (1)
advantages and disadvantages of mHealth as a self-help platform
for individuals struggling with visible differences, (2)
preferences for using mHealth (eg, duration and setting), (3)
feedback on the high-level ACT It Out structure, (4) preferences
regarding screen interface, and (5) feedback on specific design
elements of ACT It Out. The focus group lasted for 1 hour and
39 minutes.
Following the workshop, one nonattendee viewed the
introduction and sessions 1 and 2 wireframes remotely and
completed the usability feedback form electronically. From the
combined feedback, the first author produced a wireframe of
session 3, then emailed this as a PDF file to user representatives
to view independently and complete a feedback form. The first
author then repeated this process in designing and gaining
feedback for session 4, which 4 participants completed. In both
stages, 4 participants took part. One additional workshop
nonattendee viewed the entire wireframe remotely and provided
written feedback. In total, 6 user representatives contributed to
the design phase. The authors then discussed key design
changes, and the first author incorporated user representatives’
feedback into the full intervention wireframes.

Clinicians
We then obtained feedback from expert clinicians from January
2019 onward. Due to busy work commitments of clinicians, the
first author sent clinicians the wireframes as PDF files to view
in their own time and asked them to complete a feedback form.
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The first author also arranged a telephone interview within a
week of viewing the wireframes. Interviews were
semistructured, following a largely equivalent schedule to the
users’ focus group, along with more clinically oriented topics,
including (1) defining the user group for whom ACT It Out is
suitable (and unsuitable) and (2) design elements for behavior
change. Interviews lasted for 43 minutes to 67 minutes (mean
51.63, SD 7.32).

Data Analysis
The first and fourth authors pseudonymized and transcribed
verbatim data from the user representative focus group, usability
sessions, and clinician interviews. Together with written
feedback, all data were transferred into NVivo version 12 for
analysis. Data were analyzed using template analysis, an
iterative form of thematic analysis in which a coding template
is developed and modified throughout the analysis [32]. The
authors chose template analysis for its compatibility with the
project’s iterative, action-research paradigm and its
accommodation of combined deductive and inductive analytical
approaches. We deductively applied a priori themes from
relevant mHealth literature (Textbox 1) to the first template,
which were either removed or modified in light of new data.
The authors also applied an inductive approach to capture any
novel insights. The first author applied the first template to
further data and incrementally refined the template where new
data did not fit existing themes, culminating after 8 versions in
a final template that encompassed all relevant data, on which
the below results are based. The fifth author reviewed the
analysis by checking transcripts and templates, resulting in the
subsequent addition of the final (eighth) theme presented below.
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Textbox 1. A priori themes from a literature review.
A priori themes kept in the final coding template (although the wording was usually modified to better reflect participants’ accounts).
Considerations of mobile health as a platform
•

•

Themes retained
•

Mobile health can augment therapy [34]

•

Ease of access and portability [28]

•

High dropout in mobile health [47]

•

Fear of iatrogenic affects [10]

Themes not retained
•

Users’ data privacy [10,34,35,47]

•

Trustworthiness or credibility [11,27,35,47]

Design preferences
•

•

Themes retained
•

Real-time engagement [33]

•

Reminders and notifications to engage [28,33,34]

•

Links to crisis support [27,33,47]

•

Immediate feedback [28,34]

•

Adaptable functionalities (eg, font and layout) [27]

Themes not retained
•

Skepticism toward gamification [28]

•

Concise content [28]

•

Clear instructions for use [27]

Results
Overview
We produced 7 first-order themes, each split into lower-level
themes, and 1 integrative theme (full details of the themes, their
relation to the research questions, and which participant groups
contributed toward each theme are given in Multimedia
Appendix 1). The central findings from the combined participant
groups, with illustrative quotes, are provided in the following
sections. To preserve anonymity, participants’ comments were
labeled by the stakeholder group only.

1. mHealth Has Advantages for Users
Participants expressed the advantages of mHealth interventions
over traditional talking therapies and other self-management
platforms. Participants valued the privacy afforded by mHealth
in terms of its discretion and suitability for those preferring not
to seek face-to-face support for appearance concerns:
[An app] is perfect for someone who doesn’t want to
go and get counselling, this is a self-help thing that
we all do and it’s very modern so it’s something that
is needed...plus reading it on an app, it’s not like
you’re reading a self-help book and everybody else
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can see what you’re reading; it’s personal. [User
representative, focus group]
Participants’ accounts also highlighted the autonomy offered
by mHealth through its portability and accessibility:
I like apps as an idea because you can use them
wherever you are. Suppose you’ve got your meditation
tabs [on the app]...Going to the pub and having a
difficult moment, it’s good to be able to access it there
and then. [Clinician, interview]

2. mHealth Should Add to—Not Replace—Existing
Face-to-Face Resources
Participants felt that mHealth could complement existing
face-to-face psychological support before, during, or after
face-to-face support:
[mHealth] might be a step toward thinking about
what help [users] might need. So it could be a
platform for other things...I got excited [looking at
the wireframe]; I could use this alongside working
with somebody. You could alternate them doing
something and then having a conversation about it.
[Clinician, interview]
Clinicians, in particular, voiced their view that mHealth cannot
and should not replace face-to-face support:
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As an adjunct, or something that’s available where
nothing else is available I think [mHealth] has
potentially a huge benefit─but I’d not want to see it
as a replacement for all individual therapy. [Clinician,
interview]
Relatedly, participants suggested that mHealth may be less
suitable for some, including individuals with high levels of need
or recently acquired visible differences:
[An app is] possibly [not suitable for] people who
have only acquired a visible difference recently,
because they may not know they have trauma
responses, or they may need more time before they
jump into something like this. [Clinician, interview]

3. Safeguard Users’ Well-Being
Participants emphasized the need to embed content and features
that safeguard users’ well-being:
...have a section [in the app] with useful links so you
could fast-track to all of the different links and
organisations where you can go [for support]. [User
representative, focus group]
Is there a fail-safe mechanism, if someone has
checked too hard all the way through [in response to
questions asking if users would like to work on
specific social skills]─have a screen that pops up
and checks in with them. [User representative, written
feedback]
Possible discomfort is part of the process [of ACT],
and [users] need to know that before [they] commit
to it. And you might decide that if you’ve got
particular things going on in your life, “You know
what, not right now,” or “Now is exactly the time I
want to do this.” But doing it knowing this isn’t going
to be a series of aromatherapy massages where at
the end of each one you’ll expect to feel much nicer
than when you started. [Clinician, interview]

4. There Has to be That Human Link
Participants described the importance of ACT It Out establishing
a human connection with users. Many preferred the idea of a
single preprogrammed human guide with relevant experience
over multiple guides:
I think there’s a lot to be said about there being a
teacher. Certainly within the world of mindfulness,
there’s a healthy attachment to a teacher figure...You
want a face to go with the voice. There has to be that
human link to get people going. [Clinician, interview]
User representatives, in particular, felt that the in-built human
guide needs to be responsive to user input, to validate the
common experiences of people with visible differences and
offer encouragement:
Just have options with a dropdown menu, [eg,] If [a
task] made me feel [unconfident], and then you give
a bit of advice like “It’s ok to feel like this, it’s ok that
you feel a little bit less confident right now.” [User
representative, focus group]
https://formative.jmir.org/2021/3/e26355
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...if there was some feedback loop in there, [users]
might be more inclined to put something in. [User
representative, focus group]
Participants from both groups highlighted the need for ACT It
Out to offer a way of normalizing users’ experiences and saw
real-life case examples as the best way of doing so, while also
helping users to buy into the intervention’s processes:
...the [real] examples are very good, [to see] that’s
how other people cope and see real experiences not
just what experts think. It has to come from an actual
person. [User representative, usability session]

5. Engender Action
Participants were clear that a core design priority of the app
should be to elicit value-based behavior change. To do so,
participants suggested that content should focus on actionable
tasks:
I felt like one really strong bit is the social skills bit.
Because it was really practical, gives some clear
guidance. [Clinician, written feedback]
User-set notification reminders for activities were seen as a
crucial tool unique to mHealth to aid engagement with
behavioral tasks:
User representative (usability session): Would you be able to
choose when you get your notifications?
Researcher: Yeah, does that feel important to you?
User representative: Yeah
I love the capacity to have reminders and the user to
have control around the timings etc. [Clinician,
written feedback]
Clinicians described the importance of ACT It Out facilitating
both immediate and sustainable behavior change, for example,
by providing sufficient time between sessions for practice and
by breaking behavioral goals into discrete, manageable
segments:
Selecting your values and then implementing them as
short, medium and long-term goals. I could see the
benefit of that. [Clinician, interview]

6. Design for a Range of Users
Participants’ divergent app use preferences highlighted the need
to build in flexibility about how the program is used:
It’s helpful to have a journal and plus at the end of it
you can always go back to see how far you’ve come.
I don’t want to sit there and write down how I’m
feeling. [User representative, focus group]
My train journey from where I am to go anywhere is
45 minutes and [I] sit on a different app for the full
45 minutes, so that doesn’t seem very long to me [to
use an app]. [User representative, focus group]
I just think it’s kind of human nature, we don’t want
to sit down and spend a lot of time on [an app]. [User
representative, focus group]
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With ACT It Out designed for people with a range of causes of
visible difference, participants noted the physical usability issues
that may exist for some and the need to design the screen
interface accordingly:
As well as facial differences, a lot of people with
burns or other conditions might not have [fully
functional] fingers so it’s being able to press
something...I found it yesterday logging onto [a public
transport app], a tiny tick-box for terms and
conditions, I couldn’t press it because the button was
far too small for my finger...it would have to be a nice
big button. [User representative, usability session]

7. Design for Learning
Participants’ feedback also suggested that the content and
structure of ACT It Out should actively facilitate user learning.
Participants sought a clear rationale for each element of training:
Can you say something more here [in the first
mindfulness training section] about mindfulness?
Why is mindfulness helpful? Why are we asking
people to do it? [Clinician, written feedback]
Participants expressed a desire for training content to be
organized into short, sequential chunks that consolidate and
build on preceding sessions:
I like that it’s broken down into different
sections...and also within each session I think is
helpful. Because psychological information can be a
bit jargon-heavy, a bit much. [Clinician, interview]
I can imagine that people going through it maybe
have a tendency to go “I know what that’s all about”
and move on, but it looks like you’ve built it in so
you’d have to actively click Next. I think the way it’s
laid out is quite easy to follow and gradually builds
up. [User representative, focus group]
Clinicians felt that learning would be aided by linking all
training material to a small number of simple, actionable models:
I think having the Choice Point [a visual ACT model]
in each session would be a really good way of tying
the content together. Something quite visual...if [a
user] is new to [ACT], just having one or two things
that we just keep coming back to again and again.
[Clinician, interview]

8. Mitigate Dropout
An integrative theme that permeated across themes 3 to 7
conveyed participants’ concern over users discontinuing the use
of ACT It Out:
I suppose the fear would be someone starts and then
doesn’t carry on...before they get to the good bit.
[User representative, focus group]
...if somebody comes into [ACT It Out] with high
expectations but significant problems, are you
actually going to add to the problem because they’re
going to fail through the app? And how to manage
that process? [Clinician, interview]
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Discussion
Principal Findings
In this study, we aim to identify the considerations of mHealth
as a therapeutic platform for adults with visible differences and
the design preferences and ideas of key stakeholders to optimize
the design of ACT It Out. The 8 themes subsequently informed
the full redesign of ACT It Out to be piloted in the prototype
form.
Participants’ accounts highlighted strengths, challenges, and
limitations of mHealth as a mode of delivering psychological
interventions for adults with visible differences. The strengths
expressed by participants, namely, user discretion, accessibility,
and portability, have been reported in the mHealth literature
[33,34]. These features are likely to be of particular use to those
experiencing social anxiety, a common challenge for people
with visible differences [2,36-38]. Using a mobile platform and
aided by social skills training, value clarification, and behavioral
action plans, ACT It Out may offer a suitable and accessible
medium for users to potentially transition into greater social
activity.
In terms of challenges, participants clearly expressed the need
to safeguard users’ well-being and mitigate potentially
deleterious effects. The potential for iatrogenic effects has
previously been highlighted as a concern for mental health apps
[10]. Within the training content, clinicians, in particular,
highlighted the need to provide clear, regular, and timely
information on the ACT processes underpinning ACT It Out to
manage users’ expectations and offer informed consent on its
ongoing use. Although the effectiveness of trigger warnings
before potentially distressing material and exercises remains
unsubstantiated [39], providing users with relevant information
about all exercises in advance and treating informed consent as
an ongoing process is in keeping with ethical guidelines for
psychological intervention more broadly [40].
Participants’ feedback suggests that the absence of live
interaction with a real therapist may pose an advantage for those
who prefer remote support and a limitation for others.
Establishing a human element to ACT It Out was, though,
favored unanimously, corresponding with a growing interest in
facilitating a therapeutic alliance in mHealth [41] and user
preferences for embodied, empathic chatbot hosts rather than
anonymous avatars [42]. Using a human guide via videos,
photographs, and text, who responds to user input, was deemed
crucial to providing meaningful interaction and validation of
users’ experiences. Nevertheless, clinicians’ feedback
highlighted that mHealth cannot fully replicate face-to-face
support, and hence, ACT It Out would be unable to offer
adequate support for those with greater clinical needs. Therefore,
we need to provide clear guidance on who it is designed for and
for whom professional support may be more suitable, both in
promoting ACT It Out and in its content.
Various design preferences expressed by participants have since
been incorporated into ACT It Out and may be informative for
those developing any related interventions. Real case examples
were resoundingly popular, offering a way of normalizing the
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typical difficulties experienced by people with visible
differences, counteracting a felt sense of difference common to
this group [2]. Such case examples may also confer credibility
to the ACT approach. In keeping with the participatory action
paradigm, some of the user representative participants offered
their own stories for future iterations of ACT It Out.
Participants’ accounts pointed to the need to design content and
features to encourage concrete behaviors. User-set notifications
were valued by all participants as reminders for activities,
echoing previous research on mental health apps [43]. Designing
precise and time-limited value-based goals, with reminder
notifications that appear on the same device through which
many of the training activities are undertaken, offers a powerful
tool for enacting implementation intentions (a strategy of
specifying when and how an individual engages in goal-directed
behavior) of the type targeted in ACT It Out [44]. As raised by
clinicians, sufficient time is needed to establish and sustain
behavioral changes, such as regular mindfulness and social
skills training practice. To offer greater opportunity for behavior
change and to reflect the mean duration spent by users on
cognitive behavioral apps (5.4 weeks) [10], the authors have
since increased the ACT It Out training content from 4 to 6
weekly sessions, without increasing the overall content.
Participants’ preference for building the training content in a
systematic, step-by-step fashion with manageable amounts of
information corresponds to the user experience principle of
progressive disclosure, in which only information essential to
any given step of a process is provided when users need it [45].
This is especially important in mHealth design, where there is
less space and time to engage users’ attention [46]. Therefore,
we simplified and divided the training content in accordance
with this principle.
Participants’ feedback also highlighted that not all user design
facets are universal, with users likely to vary in their interaction
preferences. Therefore, we included an optional journal or notes
feature throughout the training for those who wish to use it. The
need to accommodate users’ varying physical needs is also
paramount, especially for a user group in which many people
have conditions that also affect physical function (eg, impaired
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digit functioning, hearing loss) and appearance. Features such
as large font and buttons and optional subtitles and scripts for
recordings offer the sort of adaptive functionality recommended
in mHealth design [27].
The relatively high mHealth user dropout rate established in
the literature [35,47] was echoed by participants’ concerns.
Many of their design preferences sought to foster engagement
and counter potential causes of attrition, such as overly
challenging materials.

Limitations
A limitation of the study was the small sample size, especially
of the user representative group. The project was conducted
primarily as stakeholder collaboration rather than in a traditional
researcher-as-expert paradigm, as befits the development of a
complex intervention [25]. This meant that the authors
prioritized the quality of relationships with user representatives
over their quantity. Collaborating with a small number of
engaged user representatives over a year meant that the group
was well informed about the project’s objectives and their role
within it. A second limitation was that the first author and lead
designer of ACT It Out was heavily involved in data collection,
creating the possibility of acquiescence bias in participants’
responses [48]. The first authors’ unique knowledge of ACT It
Out meant that he was nevertheless best placed to gain feedback
from participants and could follow up on participants’ responses
during data collection.

Conclusions
By collaborating with key stakeholders, namely, user
representatives with visible differences and clinicians, this study
established several actionable directions for the mHealth
intervention (ACT It Out) under development. Gaining both
user and clinician perspectives gave us a comprehensive picture
of what an mHealth intervention based on ACT should look
like for the target population. This paper also offers an example
for other researchers involved in developing mHealth and other
complex behavioral interventions and allows the authors’
methods to be critiqued [25].
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Abstract
Despite effective pharmacological treatment, bipolar disorder is a leading cause of disability due to recurrence of episodes, long
episode durations, and persistence of interepisode symptoms. While adding psychotherapy to pharmacotherapy improves outcomes,
the availability of adjunctive psychotherapy is limited. To extend the accessibility and functionality of psychotherapy for bipolar
disorder, we developed LiveWell, a smartphone-based self-management intervention. Unfortunately, many mental health technology
interventions suffer from high attrition rates, with users rapidly failing to maintain engagement with the intervention technology.
Human support reduces this commonly observed engagement problem but does not consistently improve clinical and recovery
outcomes. To facilitate ongoing efforts to develop human support for digital mental health technologies, this paper describes the
design decisions, theoretical framework, content, mode, timing of delivery, and the training and supervision for coaching support
of the LiveWell technology. This support includes clearly defined and structured roles that aim to encourage the use of the
technology, self-management strategies, and communication with care providers. A clear division of labor is established between
the coaching support roles and the intervention technology to allow lay personnel to serve as coaches and thereby maximize
accessibility to the LiveWell intervention.
(JMIR Form Res 2021;5(3):e25810) doi:10.2196/25810
KEYWORDS
human support; adherence; self-management; behavior change; mHealth; bipolar disorder

Background
Bipolar disorder is a serious mental illness characterized by
recurrent episodes of mania, hypomania, depression, and mixed
states [1,2]. Even with pharmacological treatment, recurrence
of acute episodes, long episode durations, and persistence of
interepisode symptoms leads to significant disability, with
https://formative.jmir.org/2021/3/e25810
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three-quarters of those affected never achieving full recovery
of psychosocial function [3-8]. The addition of empirically
supported psychotherapy to pharmacotherapy improves clinical
and recovery outcomes [4,9], but only half of individuals with
bipolar disorder receive any therapy [10,11].
Mental health technologies (MHTs), including web and
smartphone-based applications, provide a means to increase the
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availability of empirically supported psychotherapeutic strategies
for managing mental health problems. Additionally, relative to
face-to-face (F2F) treatment, MHTs can increase the
functionality of interventions by providing real-time
assessments, feedback, and provider alerts. MHTs have been
developed and found to be effective for depression and anxiety,
and recent efforts have begun to focus on serious mental
illnesses such as bipolar disorder and psychosis [12-17].
To extend the accessibility and functionality of
psychotherapeutic strategies for bipolar disorder, we developed
LiveWell, a smartphone-based self-management intervention.
Unfortunately, many MHTs suffer from high attrition rates
where users rapidly fail to maintain their use of the technology
[18,19]. To address this challenge, human support has been
introduced to help individuals utilize MHTs. This support often
includes technical support to ensure that the technology is
working as intended and use support to ensure that the
technology is being used. It may also include clinical support
to ensure that users identify the content and tools relevant to
their needs, use them correctly, and translate this use into their
daily lives [20]. Providing technical and use support has been
shown to reduce attrition and improve adherence with MHTs,
but this increased engagement is not always accompanied by
improved outcomes [18,20-24]. Including clinical support may
result in improved outcomes [20]. However, limited description
of what this clinical support involves has made it difficult to
replicate, improve, and implement this type of human support
for MHTs [20,25-27].
To facilitate ongoing efforts to develop human support for
MHTs, this paper describes the design decisions, theoretical
framework, content, mode, and timing of delivery, as well as
the training and supervision for coaching support, of the
LiveWell technology. The design and development of LiveWell
was guided by an intervention mapping and person-centered
approach utilizing an iterative strategy (G. Jonathan et al,
unpublished manuscript, 2021) [28-33]. This included an initial
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field trial of a simple self-monitoring application followed by
the development of the complete self-management intervention
(NCT02405117) via design interviews, usability testing, and a
pilot trial. The final intervention design is being tested in a
randomized control trial (NCT03088462). The supportive
accountability model, which focuses on application use support,
served as the starting point for the coaching development process
(G. Jonathan et al, unpublished manuscript, 2021). However,
F2F therapies for bipolar disorder involve high levels of
personalization to meet individuals’ varying clinical needs,
symptom states, and commitment to self-management. As such,
additional support roles were created to better meet the needs
of people with bipolar disorder and potentially improve both
adherence and outcomes. Specifically, 3 structured coach roles
were developed to support (1) application use, (2)
self-management, and (3) communication with clinical care
providers.

Division of Labor
To reduce costs and increase access, human support for MHTs
often involves personnel without professional training in mental
health care [34-36]. To facilitate the use of lay personnel, the
LiveWell coach’s responsibilities are clearly defined in relation
to the user, provider, and technology (Figure 1). The coach does
not serve as a therapist but instead facilitates the use of the
technology. Empirically supported psychotherapeutic strategies,
such as providing information and assessments, goal setting,
planning, monitoring, and suggesting skills to practice and
adjustments to make, are embedded in the LiveWell technology.
To ensure the coach operates within the scope of nonclinical
practice, there is a clear division of labor between the technology
and the coach. The technology operates as the psychotherapeutic
strategy expert and provides status summaries and alerts to the
coach who uses flowsheets and structured scripts to serve as a
technology use concierge.
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Figure 1. LiveWell division of labor.

User and Provider
LiveWell is an adjunctive intervention and requires users to be
actively engaged with a psychiatrist. The psychiatrist is expected
to work with the user to come to a mutual understanding of
clinical problems and treatment plans and engage in active and
sustained collaborative treatment and progress monitoring.
Consistent with this chronic disease self-management model of
care [37-48], the LiveWell intervention aims to support the user
in learning and utilizing appropriate self-management strategies,
including effective communication with their provider. The
intervention also aims to assist the provider by delivering clinical
information and alerts based on real-time user assessments.
Overall, LiveWell seeks to support the functioning of the
user-provider dyad to reduce problems caused by bipolar
disorder and support the achievement of life goals.

Technology
The LiveWell technology supports the user in learning about
and engaging in empirically supported self-management
strategies through the delivery of information and assessments,
provision of goal setting, planning, and monitoring tools, as
well as dynamically suggesting materials to review, skills to
practice, and adjustments to make (Figure 1). It presents
foundational information on bipolar disorder and
self-management (Foundations), a toolbox with a variety of
self-assessment surveys and skills instructions (Toolbox), and
enables the development of a personalized plan for living well
(Wellness Plan). The core of the intervention is a Daily
Check-In, where users are asked to monitor medication
https://formative.jmir.org/2021/3/e25810
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adherence, sleep duration, routine, and wellness ratings. Based
on data from the Daily Check-In, an expert system (Daily
Review) provides interactive, personalized feedback and directs
individuals to relevant aspects of the application. Users also
complete a Weekly Check-In of depressive and manic
symptoms: the 8-item Patient Health Questionnaire (PHQ-8)
and Altman Self-Rating Mania Scale (ASRM) [49,50]. Users,
providers, and coaches can access a secure website that contains
a summary of the self-assessment data. The expert system also
provides email alerts to providers and coaches when clinical
support may be needed.

Coach
The LiveWell coach supports application use adherence,
self-management, and clinical care communication. The
technology provides data summaries and alerts that direct the
coach toward areas to be addressed. All coach-user
conversations utilize structured scripts and protocols, which
were refined based on user and coach feedback. Coaching starts
with a F2F meeting that addresses how LiveWell can help the
user utilize self-management strategies to live well with bipolar
disorder (Multimedia Appendix 1, Application Training Script).
Coaches then complete scheduled calls with users to encourage
application use and support self-management (Multimedia
Appendix 1, Scheduled Call Scripts). In addition, coaches may
be prompted by the technology to contact users regarding
application use adherence problems or to facilitate
communication with providers when users’ self-assessments
indicate issues with treatment adherence, the presence of early
warning signs, or worsening or severe symptoms (Multimedia
Appendix 1, Ad Hoc Calls Script).
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Application Use
Rationale
Systematic reviews of MHTs demonstrate that technical and
application use support improves adherence and decreases
attrition [51-53]. To develop this support role for LiveWell, we
used the supportive accountability model, which is effective
and proposes that accountability to a coach perceived as
trustworthy, benevolent, and knowledgeable enhances adherence
to MHTs (G. Jonathan et al, unpublished manuscript, 2021)
[54]. To build accountability, the coach collaborates with the
user to form clear, process-oriented expectations regarding how
the use of the technology might help them achieve intrinsically
motivated hopes related to the desired intervention outcomes,
including decreasing relapse risk and interepisode symptoms
as well as improving quality of life.

Implementation
The initial F2F coach meeting (60-75 minutes long) aims to
establish a relationship with the user in which the coach is
viewed as a trustworthy, benevolent, and knowledgeable
support. The meeting starts with introductions followed by
elicitation of the user’s hopes (“What would you like to be
different at the end of this program?”). The idea that the

Dopke et al
LiveWell technology can aid in using self-management
strategies to stay well is introduced and discussed. The meeting’s
focus then shifts to support the user in engaging with the
technology to learn about and utilize self-management strategies.
The F2F meeting ends with explaining the coach’s roles,
including a clear summary of expectations regarding application
use and when the coach might contact the user about use
adherence or clinical care concerns. The coach ends the meeting
by encouraging commitment to application use and acceptance
of adherence monitoring to reinforce accountability.
During scheduled follow-up calls, the coach summarizes
application use adherence since the previous call (Daily and
Weekly Check-Ins completed; Foundation lessons, Daily
Reviews and Toolbox content viewed). The coach then supports
adherence and explores barriers to use when nonadherence
occurs (Figure 2). The coach may also contact users (via calls,
text messages, or emails) when the technology delivers
nonadherence alerts to the coach. These alerts are triggered by
the user missing Daily Check-Ins (≥ 3 times in a week) or
Weekly Check-Ins (≥ 2 weeks in a row). During these ad hoc
contacts, coaches elicit barriers to use and direct the user to
sections of the application that may help them overcome these
barriers. Coaches also provide ad hoc technical support to update
application content and manage general technical issues.

Figure 2. Scheduled coach calls.
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Self-Management

solutions. When target goals are met, the coach reinforces target
success and links this success to outcome hopes.

Rationale

Implementation

Recent randomized trials suggest that MHT human support
focused on technical and application use support does not
consistently improve clinical outcomes [18,20-24]. Therefore,
coach roles may need to be expanded to include clinical support.
For example, the efficiency model of support suggests additional
assistance is necessary for psychoeducation and implementation
of skills, as well as alignment of these skills with users’ unique
needs [20]. Users with bipolar disorder may also specifically
benefit from guidance in navigating self-management challenges
[55]. To develop self-management support for LiveWell, we
integrated information from empirically supported
psychotherapies for bipolar disorder, the health psychology
behavior change literature, and chronic disease self-management
models [25,26,30-32,37,38,40,41,46-48,56-64].

At the F2F meeting, the coach works with the user to review
their experiences with normal ups and downs, early warning
signs and symptoms, episodes, and crisis situations. This review
leads to the development of a personalized 9-point wellness
rating scale to facilitate self-monitoring. The coach walks the
user through the application and has the user complete a Daily
Check-In and Daily Review. As part of this practice, the user
sets specific behavioral targets for medication adherence, sleep
duration, routine bedtime and rise time, and wellness rating
range. The coach encourages the user to set parameters known
to facilitate health, such as aiming to take their medications
100% of the time, sleep the recommended amount each day (7
to 9 hours, or 6 to 10 hours acceptable for some), go to bed and
start their day within a 1.5-hour window, and keep their wellness
ratings within a “balanced” range (with expected ups and downs
due to routine events) [8,57,65,72].

LiveWell guides users to address specific behavioral targets,
including medication adherence, obtaining adequate sleep
duration, and maintaining regular routines. LiveWell emphasizes
the importance of identifying early warning signs and symptoms
of relapse, as well as developing and implementing a plan for
managing these signs and symptoms. In addition, strengthening
social support, managing stressors, and healthy habits regarding
diet, exercise, and substance use are also addressed. These
targets were selected because they have been proposed to
underlie the improved outcomes (ie, reduced episode recurrence
and interepisode symptoms, and improved quality of life)
produced by empirically supported therapies for bipolar disorder
[8,57,65].
To facilitate changes in these behavioral targets, the technology
and coach deliver behavior change techniques (BCTs) that
constitute the smallest intervention components impacting
behavioral regulation [25,26,30-32,58-62]. BCTs can be grouped
into nonoverlapping clusters hypothesized to alter specific
behavioral determinants involved in enacting target behaviors
[61,62,66-69]. Determinants and their corresponding techniques
can be grouped into 4 domains: motivational determinants
involved in developing an intention to engage in a behavior,
volitional determinants involved in enacting the behavior, and
environmental determinants and capabilities that impact both
motivational and volitional processes. When difficulties arise
for users in achieving their target goals, attention to these
domains allows coaches to guide users to application content
that addresses barriers and suggests solutions to reach their
target goals.
The coach provides self-management support through behavior
change counseling, a simplified adaptation of motivational
interviewing that is effective with brief consultations
administered by individuals without professional training in
mental health care [70,71]. The goal is to encourage users to
express commitment to and confidence in developing, enacting,
and adjusting their desired behavior change plans. The coach
provides support for setting appropriate target goals,
personalizing a wellness rating scale and plan, and monitoring
progress. When target goals are not met, the coach offers
application content guidance to explore barriers and find
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Six scheduled coaching calls occur during weeks 1-4, 6, and
16. Each call lasts about 15 minutes, except for a longer week-4
call (~30 minutes), during which the Wellness Plan is
personalized. Before each call, the coach reviews a dashboard
that summarizes the user’s application use and the percent of
days their personalized target goals were met. The coach uses
this summary and a flowsheet (Figure 2) in conjunction with
call scripts to guide discussion and balance user autonomy needs
with target priorities.
Each call starts with agenda-setting and invites collaboration.
Next, the coach and user review progress toward the user’s
personalized target goals. If users fail to meet their personalized
goals, the flowsheet and scripts provide tips to help the coach
focus on behavior change domains relevant to their current
situation. The coach encourages gentle exploration, aware that
motivational, volitional, environmental, or capability
determinants may have hindered progress. A tip sheet directs
coaches to application sections relevant to users’ specific
behavioral target goals and behavior change determinants
(Multimedia Appendix 1). If the report indicates that the user
successfully met their target goals, the coach provides
reinforcement and asks how this success might help achieve
their outcome hopes. If application use adherence was not
maintained, this is addressed. Otherwise, the coach works with
the user to identify other personalized goals for using the
application, such as building supports, managing stressors,
creating or maintaining healthy habits, and practicing toolbox
skills (Figure 2).
During the week-4 call, the coach helps the user personalize
their wellness plan by guiding them to application content
relevant to developing task and coping plans for each behavioral
target. The user is also given an opportunity to make changes
to their wellness rating scale and adjust their target goals. Going
forward, the coach encourages the user to use the Wellness Plan
to reduce risk when feeling well and take action when
experiencing symptoms. At the end of each call, based on target
progress during the prior week and the user’s priorities, the user
and the coach collaboratively set a target goal for the week
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ahead. Users are urged to link their target behavior goals with
their initial outcome hopes and are also asked to anticipate any
potential obstacles and ways to overcome them. To assess users’
experience of the psychoeducational materials, the coach also
asks users if they had any thoughts, feelings, or questions about
the materials. Each call ends with a recap of the personalized
target goals for the week ahead. In summary, the coach acts as
a concierge; directed by a simplified data summary, a flowsheet,
and structured scripts, the coach suggests appropriate application
content and tools to match users’ needs in addressing their target
goals.
To provide a detailed view of the BCTs that may be delivered
by the coach, the F2F application training and scheduled call
scripts were coded using published protocols for coding BCTs
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[62,73,74]. This coding allows the percent of pages (PP) with
content addressing specific outcomes, targets, determinants,
domains, and BCTs to be quantified (Multimedia Appendix 2).
In addition, the BCTs were ranked (Rank) based on their coding
frequency; the top 15 ranked BCTs are displayed in Table 1. In
terms of outcomes, symptoms and episodes were most
commonly addressed in the coaching script content (69%). In
terms of targets, over half of the coaching script content
addressed managing symptoms and signs and building supports
(63%). In terms of determinants, support, planning, self-efficacy,
intention, attitudes, and perceptions constituted the bulk of the
content (70%), with agenda mapping, emphasize autonomy,
coping planning, open-ended and desire-ability-reason-need
questions, and review behavior goals being the top 5 ranked
BCTs (42%).
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Table 1. LiveWell coaching script content.
Domain (PPa), determinant (PP), and technique (PP)

Rankb

Motivation (39.4)
Self-efficacy (12.3)
Emphasize autonomy (8.5)

2

Affirmation (3.8)

8

Intention (8.9)
Agenda mapping (8.9)

1

Attitudes & perceptions (9.2)
Desire-ability-reason-need questions (4.8)

5

Elicit-provide-elicit (2.4)

12

Information about health consequences (2.0)

14

Insight (4.5)
Guided discovery (4.5)

6

Knowledge (4.5)
Information about a health condition (4.5)

6

Volition (25.9)
Planning (13.3)
Coping planning (7.5)

3

Task planning (3.8)

8

Consider change options (2.0)

14

Adjustment (4.8)
Review behavior goals (4.8)

5

Goal setting (2.9)
Process goal (2.9)

10

Evaluation (2.6)
Feedback on behavior (2.6)

11

Monitoring (2.3)
Self-monitoring of behavior (2.3)

13

Environment (24.9)
Support (21.1)
Open-ended questions (7.2)

4

Permission to provide information and advice (4.4)

7

Social support (practical; 3.8)

8

Social support (unspecified; 3.4)

9

Support change/persistence (2.3)

13

Prompts (2.0)
Introduce cues (2.0)

14

Reinforcement (1.8)
Social reward (1.8)
a

15

PP: percent of total coaching script pages.

b

Rank: behavioral change techniques rank-ordered based on their PP, BCTs with same PP given same rank-order.
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Care Linkage
Rationale
Timeliness of care, especially during the onset of early warning
signs, can significantly impact the course of a manic or
depressive episode [75]. Additionally, increased communication
and collaboration with a care provider are associated with
reduced suicide risk, better medication adherence, and greater
satisfaction with care [76,77]. For individuals with bipolar
disorder, research shows that the use of a chronic disease
self-management model reduces the number of weeks spent in
manic episodes and improves overall functioning [78,79]. The
LiveWell intervention strives to increase early intervention of
illness-related problems by enhancing client-provider
communication, a common target of empirically supported
psychotherapy for bipolar disorder [9,80,81]. We structured the
coach care linkage role using the chronic disease
self-management model, wherein the coach utilizes active and
sustained follow-up to monitor users’ status, identify problems,
and reinforce progress in implementing the care plan [81,82].

Implementation
LiveWell aims to enhance user-provider communication by
prompting users to seek help when necessary and activating
providers by offering access to a secure, web-based clinical
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status summary portal and automated email alerts. Within this
system, the coach provides support to both users and providers.
When a user experiences poor medication adherence, significant
sleep duration changes, or the onset of early warning signs or
worsening symptoms, the coach receives an automated email
alert. Enrolled providers also receive an automated email or a
phone call from the coach based on the provider’s preference.
When calling providers, the coach summarizes recent check-in
data, reminds the provider that a self-assessment data summary
is available on the secure portal, and welcomes the provider to
reach out with questions.
Additionally, if a user enters a crisis rating on the Daily
Check-In (+4 or -4) or has a Weekly Check-In score consistent
with the onset of a mood episode (ie, a change from a belowto an above-threshold score: a PHQ-8 score of ≥ 9 or an ASRM
score of ≥ 6), the coach receives an email alert [49,50]. In this
case, the coach performs a suicidality assessment and functional
impairment evaluation (SAFE). The coach utilizes a structured
protocol (Multimedia Appendix 1) and flowsheets (Figures 3-4)
to guide this risk evaluation and follow-up. After the alert is
received, the coach attempts to contact the user up to 3 times
within 24 hours to complete the SAFE protocol. If the coach
cannot reach the user, the coach reaches out to the user’s
psychiatrist with available clinical information provided by the
user’s self-assessments.

Figure 3. Suicidality assessment protocol flowsheet. CS: clinical supervisor.
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Figure 4. Functional evaluation protocol flowsheet. CS: clinical supervisor.

The suicidality assessment (SA) protocol contains 3 sections:
assessing suicidal ideation, the ability to control these thoughts,
and the providers’ awareness of the information provided. The
assessment of suicidal ideation utilizes the Columbia Suicide
Severity Rating Scale (C-SSRS) [83]. Once the coach has
reached the user by phone, the coach explains that they are
calling due to the alert. The coach then explains that they are
following up based on the safety monitoring discussed at the
F2F meeting. The coach starts by asking 2 questions from the
C-SSRS [83]: “Have you wished you were dead or wished you
could go to sleep and not wake up?” (Wish); “Have you actually
had any thoughts about killing yourself?” (Thoughts). Based
on the user’s response to these 2 questions, the coach then
follows the logic of the SA protocol and flowsheet (Figure 3)
to determine the user’s risk level (low to severe risk), the
provider’s awareness, and the actions that the coach needs to
take. This protocol allows coaches to proactively implement a
standardized suicidal ideation evaluation, efficiently
communicate the information they obtain, and promptly receive
clinician support.
The functional impairment evaluation (FE), which draws upon
components of the World Health Organization Quality of Life
Questionnaire, Lehman’s Quality of Life Interview, and the
Global Assessment of Functioning [84-86], assesses users’ life
circumstances to evaluate impairment in daily activities. The
user is asked if there is any new onset of changes or problems
https://formative.jmir.org/2021/3/e25810
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in their self-care, social activities, impulse control, or meeting
of family or work obligations. If so, the coach asks if their
provider is aware of this information and follows the logic of
the FE protocol and flowsheet (Figure 4) to determine the
actions to take. This procedure ensures that the coach is not
responsible for determining the clinical significance of the
reported changes in functioning.

Training and Supervision
Coaches receive initial training and weekly supervision. Prior
to a full-day workshop, they are given a training manual
(Multimedia Appendix 1), coaching scripts (Multimedia
Appendix 1), and several reference papers. The training manual
includes information about bipolar disorder and treatment, the
LiveWell program, supportive accountability, behavior change
processes, and coaching skills and responsibilities. The core
training occurs in one full-day workshop. The morning involves
a review and discussion of the material presented in the training
manual. Case examples are provided to elucidate the material.
The afternoon involves learning about the core coaching skills.
All coaches engage in role-playing of scheduled calls with a
supervising clinical psychologist. They train to mastery, defined
as 3 consecutive contacts evaluated at or above 85% satisfactory
ratings on an adapted version of the behavior change counseling
index (Multimedia Appendix 1) [87]. Once some trained coaches
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are available, new coaches also sit in on experienced coaches’
initial visits and coaching calls. Experienced coaches then
observe the new coaches’ interactions to provide direct feedback.
Beyond the initial training, weekly group supervision is
provided. Supervision includes addressing any questions that
arise during the week and feedback on audiotapes of coach F2F
training or calls randomly selected for review.
Coaches also receive additional crisis support training.
Supervisors and experienced coaches meet with new coaches
and review the SAFE protocol and situations in which the
protocol is activated. Coaches listen to 6 selected audio-recorded
calls covering different risk levels during which the protocol
was activated and successfully administered. They also shadow
3 live crisis calls and complete 3 calls under the supervision of
an experienced coach. The training concludes with a protocol
quiz regarding risk assessment in sample scenarios (Multimedia
Appendix 1). New coaches are required to receive a score of
100%.
Themes and subthemes from the supervision of coaches (N=7)
trained during our recent studies identify the importance of
teaching lay personnel how to conduct structured interactions
with users. As outlined in Table 2, posttraining supervision
needs fell into 3 categories: (1) general counseling, (2) behavior
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change processes, and (3) LiveWell content. In the area of
general counseling, coaches need additional instruction on when
and how to point users back to parts of the application, how to
respond to negative life events in an empathic way without
leading to a deepening exploration of the issue, and how to
delicately manage times when the perceptions of the user and
coach are at odds. In regard to behavior change processes,
coaches also receive further guidance around differentiating
overall hopes for LiveWell and specific behavioral targets, how
to set target goals as well as task and coping plans, and how to
demonstrate understanding and reinforce change. Early on in
training, coaches often try to directly engage users in
problem-solving before assessing the obstacles involved;
supervision engages users in thinking through difficulties in a
more systematic and guided way. Supervision also helps coaches
respond when users are unable or unmotivated to work on a
specific behavioral target. Further, regarding the LiveWell
content, coaches and the supervisor agree that an initial training
followed by staged training is most effective. Staged training
supervision sessions focus on Daily Check-Ins, the Wellness
Plans, Foundation lessons, and the Toolbox. It appears that
within 3 months, routine supervision feedback for new coaches
is expended, and they can navigate encounters with mastery.

Table 2. Supervision themes and subthemes.
Themes and subthemes
General counseling
Maintaining integrity of coaching role
Establishing and maintaining boundaries
Responding to reports of negative life events
Managing discrepant coach-participant perceptions
Hows and whys of behavior change
Differentiating between hopes and targets
Setting goals, task, and coping plans
Understanding and reinforcing change
Assessing challenges before problem-solving
Reacting to inability or amotivation to work on specific targets
LiveWell content
Staged training
Suggestions guide
Daily Check-in
Wellness Plan
Foundations
Toolbox

Discussion
This paper describes the design decisions, theoretical framework,
content, mode, timing of delivery, and the training and
supervision for coaching support of the LiveWell technology.
The development of this support initially focused on using the
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supportive accountability model to facilitate technology use
adherence and reduce attrition. However, during the expansion
of the application from a simple self-monitoring tool to a
complete self-management application, feedback from users
and coaches suggested that the intervention might benefit from
expanding the coaching roles. Thus, to support the clinical needs
of individuals with bipolar disorder and potentially improve
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outcomes, coaching was expanded to include supporting
self-management and communication with care providers.
To develop the LiveWell coaching support, we combined
information from empirically supported psychotherapies for
bipolar disorder, the health psychology behavior change
literature, and chronic disease self-management models. In
addition to guiding the development of the clinical support roles,
this integration provides the ability to label, measure, and relate
changes in (1) target behaviors proposed to improve outcomes,
(2) behavioral determinants proposed to govern enactment of
target behaviors, and (3) exposure to behavior change technique
content and tool use proposed to alter behavioral determinants.
This integrated approach to developing the coaching roles was
initially used to develop the smartphone application content and
derived from using an intervention mapping approach.
Hopefully, using the same process to develop and investigate
the mechanisms of action of the technology and its coaching
support will provide a generally applicable means of further
understanding how supported MHTs work and clarify how best
to balance intervention delivery via technology and human
support.
In developing the coaching support for LiveWell, we aimed to
define a clear division of labor between the coaching roles and
the technology to facilitate the use of personnel without
professional training in mental health care. The use of a chronic
disease self-management model was useful in defining the
coaching support tasks in relation to the technology, the user,
and the provider. To assist the coach, reports summarizing
progress on clearly defined and monitored behavioral target
goals and clinical alerts are provided by the technology. This
information, combined with structured scripts, protocols, and
flowsheets, allows the coach to deliver clinical support without
extensive mental health training. Consequently, this should
improve accessibility, as lay personnel can reduce costs and
increase access to MHTs.
Obtaining feedback from users and coaches played an important
role in developing the division of labor between the technology
and coaching support. To facilitate coaches’ use of the reports
and alerts, users and coaches required a clear understanding of
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the behavioral target goals and the rationale for the clinical
alerts. As a result, user and coach feedback led to multiple
iterative revisions of the technology content and the coaching
reports and alerts to ensure that the coaches felt confident in
acting on the information provided by the technology.
Developing straightforward, structured scripts and protocols
for delivering self-management support and communicating
with care providers was also essential in allowing the coaches
to carry out these roles. In addition, the use of flowsheets
appeared to assist lay personnel with learning the protocols.
The development of clear flowsheets and protocols was
especially significant in allowing lay personnel to deliver the
suicidality assessment and functional evaluation without undue
distress. It is important to note that the use of lay personnel in
this assessment role requires the availability of a trained clinical
professional to provide real-time support to the coaches when
severe suicidal ideation is detected. This need for real-time
professional clinical support for the coaches and a mental health
professional to deliver the coach training requires careful
consideration when planning for implementing and
disseminating supported MHT interventions. This consideration
is especially relevant when these interventions are directed
toward high-risk populations such as individuals with bipolar
disorder.
MHT coaching is a nascent field. As research develops, we
anticipate that the coaches’ effectiveness at improving adherence
and clinical outcomes produced by MHT interventions will
increase. During the design and development of the LiveWell
intervention, using the same framework to develop the
technology’s content and tools and its coaching support played
an important role in enabling a clear division of labor to be
defined between the technology and the coach. In addition,
obtaining feedback from both users and coaches was critical in
developing both the technology and the coaching support and
assisting coaches without professional mental health training
to learn and deliver the coach roles. We hope that providing a
detailed explanation of the rationale and implementation of our
coaching support roles for LiveWell will contribute to the
development of more effective coaching support for MHT
interventions.
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Abstract
Background: Diabetes is a highly prevalent long-term condition with high morbidity and mortality rates. People with diabetes
commonly worry about their diabetes medicines and do not always take them regularly as prescribed. This can lead to poor
diabetes control. The Support Through Mobile Messaging and Digital Health Technology for Diabetes (SuMMiT-D) study aims
to deliver brief messages as tailored interventions to support people with type 2 diabetes in better use of their diabetes medicines
and to improve treatment adherence and health outcomes.
Objective: This paper describes the overall architecture of a tailored intervention delivery system used in the pilot and randomized
controlled feasibility studies of SuMMiT-D and reports its performance.
Methods: The SuMMiT-D system includes several platforms and resources to recruit participants and deliver messages as
tailored interventions. Its core component is called the clinical system and is responsible for interacting with the participants by
receiving and sending SMS text messages from and to them. The personalization and tailoring of brief messages for each participant
is based on a list of built-in commands that they can use.
Results: For the pilot study, a total of 48 participants were recruited; they had a median age of 64 years (first quartile, third
quartile [Q1, Q3: 54.5, 69]). For the feasibility study, a total of 209 participants were recruited and randomly assigned to either
the control or intervention group; they had a median age of 65 years (Q1, Q3: 56, 71), with 41.1% (86/209) being female. The
participants used the SuMMiT-D system for up to 6 months (26 weeks) and had a wide range of different interactions with the
SuMMiT-D system while tailored interventions were being delivered. For both studies, we had low withdrawal rates: only 4.2%
and 5.3% for the pilot and feasibility studies, respectively.
Conclusions: A system was developed to successfully deliver brief messages as tailored health interventions to more than 250
people with type 2 diabetes via SMS text messages. On the basis of the low withdrawal rates and positive feedback received, it
can be inferred that the SuMMiT-D system is robust, user-friendly, useful, and positive for most participants. From the two
studies, we found that online recruitment was more efficient than recruitment via postal mail; a regular SMS text reminder (eg,
every 4 weeks) can potentially increase the participants’ interactions with the system.
Trial Registration: ISRCTN Registry ISRCTN13404264; http://www.isrctn.com/ISRCTN13404264
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Introduction
Diabetes is one of the most prevalent long-term conditions
affecting the world population [1]. Currently, 4.7 million people
in the United Kingdom have diabetes; more than 5 million
people will have diabetes by 2025. Among people with diabetes,
approximately 90% have type 2 diabetes [2]. People with type
2 diabetes are at high risk of developing serious complications,
including cardiovascular disease, stroke, and chronic kidney
disease, which in turn lead to an increase in the cost and
resources needed for health care [1,3,4]. To avoid related
comorbidities and complications, treatments with proven
efficacy are needed alongside facilitating patients in the
self-management of their condition [5-7].
People with diabetes commonly worry about their medicines
and do not always take them regularly as prescribed [8]. This
can lead to poor diabetes control. To support people with type
2 diabetes in better use of medicines, a diverse range of care
programs are available. Many such services are standardized
according to available evidence and based on guidelines;
however, not all people equally benefit from such a
one-size-fits-all approach [9-11]. People with poorly controlled
diabetes benefit mostly from intensive, provider-driven
management, whereas people with adequate glucose levels
might maintain these levels independently. A more
patient-centered approach is becoming a preferred strategy for
improving patient outcomes, where the care is tailored according
to individual patient needs and preferences [12-15].
Delivering brief messages that can address a wide range of
concerns at a wide scale via digital health systems, in addition
to usual care, is a promising approach to develop tailored
interventions to improve treatment adherence and health
outcomes [16-19]. It has been shown to be both effective and
of low cost in improving health in other health conditions,
including in reducing cardiovascular risk, lowering blood
pressure, and stopping smoking [20-22]. In addition, as tailored
interventions are more personally relevant for recipients, they
would have a higher chance of being noticed, read, understood,
and acted on [23].
This paper describes a SMS-based system developed for and
evaluated in the Support Through Mobile Messaging and Digital
Health Technology for Diabetes (SuMMiT-D) study. Through
mobile health technology integrated with clinical care, this
system delivers automated, tailored brief messages to support
people with type 2 diabetes in effectively using medicines. The
system has currently been used by more than 250 patients with
type 2 diabetes across the United Kingdom and is planned to
be used by another 1000 patients in the near future. The system
is designed to be user-friendly: it is based on carefully developed
SMS messages aimed at a large target population and
accommodates users without previous experience of digital
technologies. The SuMMiT-D system incorporates algorithms
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that identify messages to be tailored according to the user’s
response and characteristics (eg, medical history). This paper
addresses an existing gap in the literature: the design of systems
to deliver brief messages in the health care delivery system. The
messages are tailored and personalized interventions to support
people with type 2 diabetes. This paper presents the technical
methodology used in the pilot and feasibility studies and reports
on the system performance. A paper reporting the protocol for
the SuMMiT-D feasibility study [24] has been published
separately.

Methods
SuMMiT-D
SuMMiT-D is a program of work intended to develop and test
the delivery of tailored and personalized brief messages,
implemented in SMS text messages. Although implemented in
a study, it is a demonstration of how this could be achieved
when integrated within the National Health Service (NHS). The
aim of the SuMMiT-D system is to provide enhanced and
optimal support for people with type 2 diabetes. The program
of work reported here consisted of two stages: a formative work
package based around a pilot study to develop and test the
system and a randomized controlled trial to evaluate feasibility.
For the pilot study, 48 participants were recruited to evaluate
and assess the system. During this phase, participants were
asked to use the SuMMiT-D system for 13 weeks, with the
possibility of continuing their participation for up to 26 weeks.
This stage aimed to understand the feasibility of the technical
aspects of the study.
For the second phase, a feasibility study, 209 participants were
recruited. This study evaluated the use of the system for a total
of 6 months (26 weeks). Its purpose was to understand the
participant recruitment rate and timing as well as the feasibility
of integrating the developed system directly with general
practitioner (GP) systems. This work was completed in October
2019. The developed methodology will be used for the main
trail in 2020.

The SuMMiT-D System
Figure 1 shows the system architecture designed for the
SuMMiT-D study. The design work required the coordination
of the following platforms and resources: Sentry, an
online-based recruitment system developed and managed by
the Primary Care Clinical Trials Unit, University of Oxford;
the mobile phones used by the participants to send and receive
SMS messages; a web interface accessible by the system users
(ie, system administrators and research staff) to manage the
clinical system; and Esendex [25], an SMS engine provider that
enabled delivery and receipt of text messages to and from
participants. The system was also designed to integrate alerts
and personalization of messages based on primary care
electronic health record (EHR) data. Platforms and protocols
were required to meet the standards of data and security
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well as the storage of data.

Figure 1. Overview of systems developed for the Support through Mobile Messaging and Digital Health Technology for Diabetes study. Sentry: Secure
entry; SuMMiT-D: Support Through Mobile Messaging and Digital Health Technology for Diabetes.

Clinical System
The back end (ie, the data access layer that provides access to
data stored in a database) of the clinical system was developed
using the CakePHP web framework [27], and the associated
database tables were developed using the relational database
management system MySQL [28], whereas the front end (ie,
the presentation layer that formats and delivers information for
further processing or display) was developed using three core
technologies of the WWW [29]: HTML [30], Cascading Style
Sheets [31], and Javascript [32]. These open-source technologies
were chosen because of ease of use, fast iteration, and adherence
to communication standards. The core component of the clinical
system was implemented using CakePHP. The CakePHP web
framework [27] has several advantages: it is an open-source
platform that supports the PHP programming language [33]; it
requires almost no preconfigurations, as most of the settings
and options are auto-detected; it implements a
model-view-controller pattern, which divides the developing
user interfaces into 3 interconnected elements: model, view,
and controller; it offers a wide range of built-in plug-ins (ie,
software components that add specific features to an existing
computer program) to enable customization; and it supports fast
connectivity with database systems. All these characteristics
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make it particularly suitable for the reliable and extendible
implementation of web-based services.
To meet both the trial and the NHS security and privacy
requirements and to allow clinical implementation once the
whole trial ends, the clinical system has been deployed in a
server managed by the Oxford University Hospitals NHS
Foundation Trust. The server is located behind the firewall
managed by the local information management and technology
team at the Oxford University Hospitals NHS Foundation Trust
and hosted within the NHS Health and Social Care Network
[34]. Access to this system is password protected and available
only to registered users. All data (ie, database tables and
participants’ GP records) are stored separately on another
internal server, which is inaccessible directly from the internet
and communicates with the main front-end server via a
password-protected, Transport Layer Security (TLS) [35]
encrypted channel.
Figure 2 shows the architecture of the clinical system with
various key components that have been developed. The various
components of the system include the following: Access
Management, Data Sharing Management, Receiver and Sender
Management, Random Message Selection Management,
Reminder Management, Interaction Management.
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Figure 2. Support through Mobile Messaging and Digital Health Technology for Diabetes architecture. Sentry: Secure entry; SuMMiT-D: Support
Through Mobile Messaging and Digital Health Technology for Diabetes.

Participants can interact with the SuMMiT-D system by sending
SMS messages from their mobile phones to a virtual mobile
number (provided by Esendex) using one of the predefined
commands. Esendex provides two ways of interacting with their
SMS engines: (1) using the toll-free number 0800 or (2) using
a virtual mobile number. For using the toll-free number 0800,
each command needs to start with a specified keyword (eg, DIA)
for Esendex to identify the system with which the user wants
to interact. In using a virtual mobile number, a virtual number
is exclusively associated with one system, so that the routing
keyword is not required. In this instance, the user bears the cost
of sending SMS messages. Although the latter method represents
a cost to the user, it has the following advantages: the cost of
sending a text message is acceptable to participants; text
messages from participants will always reach the SuMMiT-D
system; and if the former method is used and the specified
keyword has been forgotten or mistyped, the delivery of
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messages to the SuMMiT-D system will fail. System users (ie,
health care professionals, research staff, and system
administrators) engage with the clinical system using an
internet-enabled computing device (eg, a smartphone, a tablet,
or a computer).

Interaction Management
The Interaction Management module determines how the
implemented algorithms in the SuMMiT-D system tailor
messages according to each individual’s preferences. Each time
a participant sends a text via Esendex, the system (1) retrieves
the original text from Esendex via the receiver or sender
management; (2) parses and interprets the text referring to
preferences; and (3) generates a response to be pushed back,
for Esendex to finally send it to the corresponding participant.
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The study participants can send predefined commands to the
SuMMiT-D system. A command in the context of text messages
refers to one or several words corresponding to one or more
actions on the SuMMiT-D receiver end. In the SuMMiT-D
system, the commands correspond to a list of settings that
participants can change according to their preferences, for
example, when to receive messages in a day and like or dislike

the last received message to express interest in more or fewer
messages of the same kind in the future. Other possible
interactions include initial registration with the system, pausing
messages for X weeks, restarting from being paused, completely
stopping receiving messages, reviewing, and rating received
messages, and requiring help instructions on how to interact
with the system. The full list of commands is listed in Table 1.

Table 1. List of commands available in the Support through Mobile Messaging and Digital Health Technology for Diabetes system and the corresponding
descriptions.
Study and commands

Description

Common to both studies
Register names

Register with the SuMMiT-D system

Start

Start receiving messages again

Stop

Stop receiving messages completely (Need to contact the SuMMiT-D study team to restart the messages)

AM

Receive messages in AM (from 9 AM to 12 PM)

PM

Receive messages in PM (from 12 PM to 6 PM)

Help, Help 1, Help 2

Help messages for using the list of commands

Pilot
Less or More

Receive fewer or more messages similar to the last received one

Like or Dislike

Like or Dislike the last received message

Easy or Hard

The last received message is easy or hard to understand

Useful or Not Useful

The last received message is useful or not useful

Help 3

Help messages for using the list of commands

Feasibility
Like or Dislike

Receive fewer or more messages similar to the last received one

Reminder Management
Besides instantaneous interactions, a participant also received
scheduled text messages during the study. The reminder
management module schedules text reminders. During the pilot
study, to encourage the participants to review and rate the
randomly selected messages sent to them, a prompt text message
was sent to each participant every week (ie, a reminder to use
the commands Like or Dislike, Easy or Hard, and Useful or Not
Useful). For the pilot study, after 4 weeks of participation, a
reminder was sent on how to use the commands More or Less;
whereas for the feasibility study, 4 weeks after randomization,
a reminder was sent on how to use the commands Like or
Dislike. In addition, at the beginning and in the middle of both
studies, a participant would receive a text reminder on how to
use the Help commands. Other types of engagement messages
were a happy birthday text message and a reminder on the day
of world diabetes day celebration (14th November).

Random Selection Management
The SuMMiT-D study participants received a number of brief
messages sent periodically. Two types of brief SMS messages
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were used: one type is based on behavior change techniques
(BCTs), and the other type is based on general lifestyle advice
[36-38].
During the pilot study, in which all participants belonged to one
group, these messages were sent three times a week. For every
five continuous BCT-based messages, one general lifestyle
message was sent.
During the feasibility study, participants were randomized to
either the control or intervention groups. For those in the control
group, only control messages were sent at a frequency of
approximately once a month. The control messages here refer
to general messages that are irrelevant to medicine management.
For those in the intervention group, two types of messages (BCT
and general lifestyle) were sent at a frequency of 3 messages
per week (1 general lifestyle message, for every 2 continuous
BCT-based messages). The increased frequency of lifestyle
messages was based on the feedback of the participants in the
pilot study. Examples of SMS text messages used in the
SuMMiT-D feasibility study are shown in Table 2.
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Table 2. Examples of SMS text messages used in the Support through Mobile Messaging and Digital Health Technology for Diabetes feasibility study.
Message category

Example messages

Behavior change technique
1.4 Action Planning

Plan when, where and how you are going to take your medication

2.3 Selfmonitoring

Find a way to split your tablets into days so you notice when you have forgotten to take your
tablets.

7.1 Prompts or cues

It can be difficult to remember to take your tablets. Why not set an alarm to remind you to take
them?

G Health care system related concerns

Lots of questions? Check who the best person to see might be.

General lifestyle
Signposting

Want to hear what other people with diabetes think? You can hear different people discuss their
experiences at healthtalk online.

For the pilot study, there were a total of 157 unique BCT
messages used, and they were from 30 different BCT groups,
whereas there were 35 unique general lifestyle messages. On
the basis of the feedback (ie, the message ratings) of the
participants in the pilot study, the messages used in the
feasibility study have been edited accordingly: there were a total
of 170 unique BCT messages used, and they were from 30
different BCT groups, whereas there were 35 unique general
lifestyle messages and 6 unique control messages. More detailed
information on the messages used in the pilot and feasibility
studies can be found in the studies by Farmer et al [24] and
Bartlett et al [39].
The algorithm below describes the methodology for sending
these SMS messages:
Suppose there are t different groups of BCTs as: {B1, B2, ...,
Bt}, with the i-th (1≤i≤t) BCT group having ni different SMS
texts, that is,

. This results in n unique BCT SMS texts, where

. There are also m different general lifestyle SMS texts .
As a result, there are n+m unique SMS messages in the system,
which can be represented as {B1, B2, ..., Bt, G}. The SMS
messages sent to each participant follow this rule: for each week
(ie, 7 days), 3 messages are sent, and they are sent with an even
time gap; in addition, after continuously sending q BCT-based
SMS messages, 1 general lifestyle-based message should be
sent (q=5 for the pilot study and q=2 for the feasibility study
according to the participants’ feedback from the pilot study).
The SMS messages sent to each participant were randomly
selected as follows: for each participant, all t different BCT
groups of messages have the same probability. To ensure that
a different message was received each time, the system excluded
all the previously sent messages and the most recently used
BCT group and selected a message from the remaining messages
and BCT groups. The same approach was used when sending
general lifestyle-based SMS messages. The above process is
enabled only for those participants who were scheduled to
receive a message and only within the time slot selected by each
participant.
In addition to the above process, the SuMMiT-D system tailors
and personalizes the messages for each participant. Tailoring
and personalization were performed according to the text
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responses from each participant. In the first instance, upon
receiving Pause X, Start, and STOP from a participant, messages
could be paused for X weeks, restarted, or completely stopped,
respectively.
Upon receiving More and Like from a participant in the pilot
and feasibility studies, respectively, after she or he receives a
BCT-based message (ie,

, where

), another message from

the same BCT group (ie, , where ) is scheduled to be sent
to this participant after 2 weeks. In addition, all the messages
in the same BCT group (ie, Inline graphic 10) would have
doubled the chance (ie, increase 100% probability) to be selected
and sent to this participant in the future. Upon receiving Dislike
from a participant in the feasibility study, after she or he receives
a BCT-based message (ie,

, where

,), all the messages in

the same BCT group (ie, ) would have halved the chance (ie,
decrease 50% probability) to be selected and sent to this
participant in the future. For details, please refer to the
pseudocode listed in Multimedia Appendix 1.
Upon receiving AM and PM from a participant, the message
delivery time slot to this participant was changed accordingly.

Receiver or Sender Management
The purpose of this component is to send and receive messages
to and from participants. This management component employs
a third-party mobile messaging system (Esendex [25]) to act as
a bridge between the participants and the clinical system. To
dispatch SMS messages to the participants’ mobile phones, they
are sent to the Esendex system’s application program interface
(API) by the clinical system. The information exchanged
between the 2 systems includes the target mobile number, the
message context to be sent, a unique message ID, and a key
code to authorize this message to be sent. This communication
is established over an encrypted HTTP channel over TLS [35].
After 5 hours, the clinical system again connects to Esendex’s
API and then checks the delivery status of the message using
the unique message ID, which is returned by Esendex during
the first connection. This process allows tracking of the delivery
status of every sent message. Each message delivery status (ie,
Delivered, Sent, Failed, Expired, Cancelled, and Partially
Delivered) is stored by the clinical system, along with the
corresponding message information.
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For messages whose delivery fails (ie, a delivery status of
Failed, Expired, Cancelled, and Partially Delivered), another
attempt is scheduled immediately. After further 2 failed
redelivery attempts, an automatic email is sent to the system
users, whose role is to be either administrators or researchers,
to notify this failed delivery and suggest the possibility that the
participant may have changed this mobile number.
The clinical system checks Esendex’s API at an interval of every
30 seconds. This very short period was selected to provide a
sense of timeliness of the response to (potential) participants
and to maintain a high engagement level.

Data Sharing Management
The eligible candidates were screened and then invited to the
SuMMiT-D study (full details of the recruitment process have
been reported elsewhere [24]). To participate in any SuMMiT-D
study, patients had to express their interest with a text message
(ie, Register names) to one of the virtual numbers provided by
Esendex. Once the text was received, an automatic reply was
sent back. This handshake process guaranteed that the mobile
number was valid. For the pilot study, the recruitment process
was completed over the phone, the paper consent form was sent
and returned via post, and personal information was directly
entered into the SuMMiT-D system via a web interface. For the
feasibility study, to add another level of security and automation,
the recruitment process was performed electronically via a
system called Sentry (Secure entry) [40]. The consent form
could then be completed electronically. Once the recruitment
process for a participant was completed, all personal details
were securely stored in REDCap [41]. To enable data sharing
of personal details required to be shared with the clinical system,

data were pushed from the Sentry system to the clinical system
via HTTPs [42]. During this data transaction, the mobile number
that the participant used to express interest was used as the
matching key. The following personal details were shared by
Sentry and stored in the clinical system: first name, last name,
mobile number, GP practice name, date of birth, preferred
name, gender, NHS number, whether using a smartphone, and
participant study ID. As Sentry also implemented the
randomization algorithm for determining the control or
intervention group, it shared also the randomization result so
that the SuMMiT-D system would know whether a participant
data that had been pushed from Sentry to the clinical system
belonged to the control or intervention group.

Access Management
System users can log in to the SuMMiT-D system using their
personal usernames and passwords. Users are categorized
according to 3 levels of privileges that determine their access
rights to the information and functions available. The system
administrators (Admin) get access to the entire system and all
its functionalities; the study researchers (Researcher) get full
access to the information of participants and GP practices; and
the research nurses, trail manager, and coordinator (User) get
only a read-only view of the information of participants and GP
practices.
The web pages that a system user can access depend on the
privilege level, which is determined by the log-in credentials.
Table 3 provides the main views that a user can access according
to their privilege level and a brief description for each of those
views.

Table 3. Privilege levels and the corresponding functionality available at each of these privilege levels.
Functionality

Privilege level
Admin

a

•
•
•

Add system users (admin, researcher, user)
List of system users
Detailed view or edit of system users

✓

•
•

Add participants

a

Researcher
b

User

—

—

✓

✓

—

✓

✓

✓

c

•
•
•
•

Add GP practices
Detailed edit of participants
Detailed edit of GP practices
List of sent or received SMS
Detailed view of sent or received SMS

•
•
•
•
•
•

List of participants
Search participants
List of GP practices
Detailed view of participants
Detailed view of GP practices
Detailed view or edit of own details

Function is available at this level.

b

Function not available at this level.

c

GP: general practitioner.
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Development Approach
The SuMMiT-D system was developed in collaboration with
health care professionals, the study team, the software
development team, and a group of patient representatives. Both
test GP practices and patients were set up during the early
development process, so that the system could be evaluated for
its reliability and to allow software bugs to be identified and
fixed.

Defined Metrics
To evaluate the performance of the SuMMiT-D system, the
following 3 metrics were defined: response rate, keyword
percentage, and rate versus prompt.

Response Rate
To determine whether a participant was active in the study, the
response rate of SMS messages for each participant was
calculated according to:

(1)
where, for the pilot study,

(2)
whereas, for the feasibility study,
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Greater Manchester region and 29 (60%) were from the Thames
Valley region.

Duration of Study and Admission Process
The first participant expressed interest on April 24, 2018, and
the last participant expressed interest on August 24, 2018. The
first participant started to use the SuMMiT-D system on May
8, 2018, whereas the last participant started to use the system
on September 17, 2018. The first participant stopped using the
SuMMiT-D system (ie, either finished or withdrew from the
study) on August 11, 2018, whereas the last one stopped on
January 31, 2019.
An admission process duration refers to how long (in days) it
took the participants from expressing interest (ie, sending the
Register command to register with the system) to fully start the
SuMMiT-D study (ie, to begin receiving regularly sent
messages). The admission process duration here has a median
value of 21.07 days (Q1, Q3: 17.31, 24.93).
Two participants withdrew from the study at days 23 and 67
(withdrawal rate of 4%). At 3 months (13 weeks) after using
the system, 19% (9/48) participants chose to stop, whereas the
remaining 77% (37/48) decided to continue.
In addition, a total of 11 STOP commands have been received,
which are in line with the results above: 2 participants withdrew
and 9 stopped at 3 months after using the system. Only 2 Pause
X commands were received: one chose to pause the messages
for 2 weeks and the other paused for 4 weeks.

SMS Message Response Rate of Participants
(3)

Keyword Percentage
In the pilot study, to evaluate the usability of a keyword-based
system, a fictitious keyword was selected. Participants were
asked to submit all commands after using the DIA keyword.
The keyword (DIA) percentage is calculated according to:

The metric here is defined as the response rate, which is
calculated according to equations 1 and 2. The median response
rate was 71% (Q1, Q3: 53%, 111%). This actual response rate
is lower than what might have been expected, as there was a
weekly reminder (ie, the prompt message encouraging
participants to rate received messages).

Participants Including the Keyword DIA in Their
Responses
(4)

Rate Versus Prompt
In the pilot study, to review whether the prompt messages could
improve the total number of responses (ie, rating) received, the
ratio of number of response messages to the number of prompt
messages is calculated as:

(5)
Where rating is calculated according to equation 2.

Results
Pilot Study
For the pilot study, 48 participants were recruited, with a median
age of 64 years (first quartile and third quartile [Q1, Q3: 54.5,
69]). Among the 48 participants, 19 (40%) were from the
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Both toll-free and virtual numbers are available for SMS-based
studies to interact with participants. The first approach generally
shares the same toll-free number across different systems and,
thus, requires the use of a keyword to identify the SMS texts
received from users. However, the additional keyword may
represent a challenge for some participants, as they may forget
to add the keyword at the start of a message, and as a result,
such a message will be missed at the corresponding system end
completely.
The metric here is defined as the keyword percentage, which is
calculated according to equation 4. The median keyword
percentage was 93% (Q1, Q3: 87%, 98%). The histogram for
the keyword percentage is shown in Multimedia Appendix 2.
Although the keyword (DIA) was used quite frequently, some
messages would have still not been received on the SuMMiT-D
system side.
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Prompt Messages Versus Message Responses
A weekly reminder was sent to the participants in the pilot study
in the form of a prompt message asking to rate the received
messages. To review whether this could improve the total
number of responses (ie, rating) received, the metric rate versus
prompt is calculated as described above equation 5. The rate
versus prompt has a median value of 280% (Q1, Q3: 215%,

Chi et al
434%). The rate versus prompt is also lower than expected,
which is in line with the results shown above.
In addition, for each BCT message, the total number rated
against the total number prompted is summarized and shown
in Figure 3, with a quadratic polynomial curve fitted to the data
points. From the fitted curve, prompt messages can potentially
improve the total number of responses (ie, rating) received.

Figure 3. The total number of rated versus prompted for each behavioral change therapy message for participants in the pilot study.

Comparison Among the Preference Groups of Messages
Responses
To compare which preference groups (ie, Like or Dislike, Easy
or Hard, Useful or Not Useful, and More or Less) are mostly
used by participants in the pilot study, the total numbers of Like
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or Dislike, Easy or Hard, Useful or Not Useful, and Less or
More were counted. The results are shown in Figure 4. From
the results, it can be concluded that the vast majority of the BCT
messages sent in the pilot study received a positive rating (ie,
Like and Useful).
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Figure 4. Different preference groups among the SMS message response rating for participants in the pilot study. A: Preference group: Dislike vs Like;
B: Preference group: Not useful vs Useful.

Feasibility Study
For the feasibility study, a total of 209 participants (with a
median age of 65 years, Q1, Q3: 56, 71; with 86/209, 41.2%
female) were recruited and randomized. Of these, 106 were
randomized into the control group, whereas the remaining 103
were randomized into the intervention group. Of the 209
participants, 52 (24.8%) were from the Greater Manchester area
and 157 (75.1%) were from the Thames Valley area.

Duration of Study and Admission Process
The first participant expressed interest on December 3, 2018,
and the last one expressed interest on March 20, 2019. The first
participant started to use the SuMMiT-D system on December
10, 2018, whereas the last participant started to use the system
on April 16, 2019. The first participant stopped using the system
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(ie, either finished or withdrew from the study) on March 4,
2019, whereas the last one stopped using the system on October
16, 2019.
The admission process duration here has a median value of 8.76
days (Q1, Q3: 3.94, 15.07).
A total of 11 participants withdrew from the study (10 from the
intervention group): 8 of them stopped the messages via sending
the STOP commands, whereas the remaining 3 called the study
team to ask for withdrawal. A total of 7 Pause X commands
were received, and they were from 4 different participants.

SMS Message Response Rate of Participants
The metric here is the response rate, which is calculated
according to equations 1 and 3. The median response rate was
17% (Q1, Q3: 13%, 22%). It can be concluded that there is a
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much lower response rate for the participants in the feasibility
study, as there was no weekly prompt message sent in the latter
study.

Like Versus Dislike Among Message Responses

Chi et al
Dislike was counted for all the BCT messages, and the results
are shown in Figure 5. In the same way as Figure 4, Figure 5
shows that the great majority of the BCT messages sent in the
feasibility study receive a positive rating (ie, Like).

To compare which BCT message is mostly liked or disliked by
participants in the feasibility study, the total number of Like or
Figure 5. Like versus Dislike among the SMS message response ratings for participants in the feasibility study.

Impact of Like or Dislike Reminder
Unlike the pilot study, there were no weekly prompt SMS
messages (ie, encouraging participants to rate all the received
SMS messages) sent in the feasibility study. To remind the
participants in the intervention group to use the Like or Dislike
commands, a reminder of how to use these commands was sent
to them when they had been in the study for 4 weeks. To
determine the impact of Like or Dislike reminders (ie, how long
the reminders will have an effect on the participants), the
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following 2 numbers have been plotted: the total number of
Like or Dislike commands received per week and the number
of participants sending Like or Dislike commands per week.
The results are shown in Figure 6. From the results, it can be
seen that in week 5 (ie, just after the reminders were sent), these
2 numbers reached their peak values. From week 9 (ie, 4 weeks
after the reminders were sent), the number of participants
sending Like or Dislike commands back per week remained
almost constant. This suggests that the impact of Like or Dislike
reminders persists for approximately 4 weeks.
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Figure 6. Impact of Like/Dislike reminder on participants in the feasibility study.

Figure 7. Inline graphic 1.

Figure 11. Inline graphic 5.

Discussion
In these pilot and feasibility studies for the SuMMiT-D brief
messaging, mobile phone–based intervention, participant
withdrawal rates were 4.2% and 5.3%, respectively. In addition,
from the message responses, it was concluded that most of the
participants gave positive feedback to the BCT messages they
received (ie, useful and like). Furthermore, when offered the
opportunity to continue for another 3 months in the pilot study,
37 out of 46 participants chose to stay. These promising results
suggest that the SuMMiT-D system is robust, user-friendly,
useful, and positive for most participants.
Comparing the length of the admission process (registration
and sign up), it can be seen that there is a significant
improvement in the feasibility study compared with the pilot.
This may be explained by changing the recruitment method
from regular mail (ie, manually sending and receiving all forms:
registration, questionnaires, and consent) to online recruitment.
One common issue in both studies is that the response rate of
participants to the messages sent to them was lower than
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expected. This might have been associated with the
demographics of those recruited to the studies (with a median
age of about 65 years) where participants might not have been
familiar with the use of mobile phones. In the pilot study, a
weekly prompt message was sent to participants to encourage
them to rate received messages. In the feasibility study, a
one-time Like or Dislike reminder describing how to use the
Like and Dislike commands was sent to participants. Our
findings suggest that (1) prompt messages can potentially
improve the total number of responses received and (2) a
reminder encouraging participants to Like or Dislike messages
has an effect persisting for about 4 weeks before a participant
returns to their normal response rate. Potentially higher response
rates may be obtained from participants if they were sent the
reminder every 4 weeks.
The SuMMiT-D system uses brief messages as interventions
to provide education and support self-management for people
with type 2 diabetes. The brief messages are delivered through
mobile phone–based SMS text messages. These patients are
often concerned about starting new diabetes medicines or face
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difficulties in taking their medicines regularly. To enhance the
support for patients’ self-management, these brief messages
were personalized and tailored for each participant individually,
according to each patient’s own preference and their feedback
to previously received SMS text messages.
The SuMMiT-D system offers a model for technology-based
self-management support [30,31], as it shows the clinical
efficacy and cost-effectiveness of a text messaging intervention,
compared with the usual care, for people with type 2 diabetes.
In addition, the SuMMiT-D system is not only an effective tool
for type 2 diabetes, but it could also be extended to other
long-term conditions (eg, hypertension).
All the information and feedback that we gathered in each of
the studies was carried out iteratively to improve the
functionalities of the system. From the pilot study, we learned
the following: (1) a recruitment process via regular post was

Chi et al
time consuming and imposed a high workload from the study
team, and in the feasibility study, we introduced the Sentry
system to allow a digital (online) recruitment process, and (2)
according to the participants’ feedback, they would have liked
to receive the general lifestyle messages more frequently, and
we increased the ratio of the general lifestyle and BCT messages
from 1 to 5 in the pilot study to 1 to 2 in the feasibility studies.
In the SuMMiT-D pilot and feasibility studies, we have
demonstrated the successful delivery of interventions to more
than 200 participants via SMS text messages. In the main
SuMMiT-D study, to further enhance the support for patients’
self-management, their EHR data will be routinely shared and
collected via a GP data provider. EHR data, such as medication
possession ratio and glycated hemoglobin, will be used to tailor
the intervention messages. In addition, more automation in the
recruitment process will be introduced, such that the overall
workload is reduced.

Acknowledgments
This project was funded by the National Institute for Health Research (NIHR; Programme Grants for Applied Research [project
reference RP-PG-1214-20003]). LT and AF are supported by the NIHR Oxford Biomedical Research Centre. AF is an NIHR
Senior Investigator. The views expressed are those of the authors and not necessarily those of the NIHR or the Department of
Health and Social Care.

Conflicts of Interest
ER supports a team receiving funds from the NIHR Health Technology Assessment (HTA) Programme.
Multimedia Appendix 1
Algorithm 1 pseudocode for receiving “More”/“Like” or “Dislike” after sending a behavior change technique message to a
participant.
[DOCX File , 13 KB - formative_v5i3e18460_app1.docx ]
Multimedia Appendix 2
Histogram plot of the keyword percentage keyword percentage among the SMS SMS message responses for participants in the
pilot study.
[PNG File , 70 KB - formative_v5i3e18460_app2.png ]

References
1.
2.
3.

4.
5.
6.

7.

Tamayo T, Rosenbauer J, Wild S, Spijkerman A, Baan C, Forouhi N, et al. Diabetes in Europe: an update. Diabetes Res
Clin Pract 2014 Feb;103(2):206-217. [doi: 10.1016/j.diabres.2013.11.007] [Medline: 24300019]
Us, diabetes and a lot of facts and stats. Diabetes UK. 2019. URL: https://www.diabetes.org.uk/resources-s3/2019-02/
1362B_Facts%20and%20stats%20Update%20Jan%202019_LOW%20RES_EXTERNAL.pdf [accessed 2020-07-13]
U.K. Prospective Diabetes Study Group. U.K. prospective diabetes study 16. Overview of 6 years' therapy of type II diabetes:
a progressive disease. U.K. Prospective Diabetes Study Group. Diabetes 1995 Nov 1;44(11):1249-1258. [doi:
10.2337/diab.44.11.1249] [PMC: 7589820]
Asche C, LaFleur J, Conner C. A review of diabetes treatment adherence and the association with clinical and economic
outcomes. Clin Ther 2011 Jan;33(1):74-109. [doi: 10.1016/j.clinthera.2011.01.019] [Medline: 21397776]
UK Prospective Diabetes Study Group. Efficacy of atenolol and captopril in reducing risk of macrovascular and microvascular
complications in type 2 diabetes: UKPDS 39. Br Med J 1998 Sep 12;317(7160):713-720. [doi: 10.1136/bmj.317.7160.713]
Norris SL, Lau J, Smith SJ, Schmid CH, Engelgau MM. Self-management education for adults with type 2 diabetes: a
meta-analysis of the effect on glycemic control. Diabetes Care 2002 Jul 1;25(7):1159-1171. [doi: 10.2337/diacare.25.7.1159]
[Medline: 12087014]
Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, W Neil HA, Livingstone SJ, et al. Primary prevention of
cardiovascular disease with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study (CARDS):
multicentre randomised placebo-controlled trial. Lancet 2004 Aug;364(9435):685-696. [doi: 10.1016/s0140-6736(04)16895-5]

https://formative.jmir.org/2021/3/e18460

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e18460 | p.318
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
8.

9.

10.

11.
12.

13.
14.
15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.
29.
30.
31.

Salas M, Hughes D, Zuluaga A, Vardeva K, Lebmeier M. Costs of medication nonadherence in patients with diabetes
mellitus: a systematic review and critical analysis of the literature. Value Health 2009 Sep;12(6):915-922 [FREE Full text]
[doi: 10.1111/j.1524-4733.2009.00539.x] [Medline: 19402848]
Rothe U, Müller G, Schwarz PE, Seifert M, Kunath H, Koch R, et al. Evaluation of a diabetes management system based
on practice guidelines, integrated care, and continuous quality management in a Federal State of Germany: a population-based
approach to health care research. Diabetes Care 2008 May 10;31(5):863-868. [doi: 10.2337/dc07-0858] [Medline: 18332161]
Pimouguet C, Le Goff M, Thiébaut R, Dartigues JF, Helmer C. Effectiveness of disease-management programs for improving
diabetes care: a meta-analysis. Cand Med Assoc J 2011 Feb 8;183(2):E115-E127 [FREE Full text] [doi: 10.1503/cmaj.091786]
[Medline: 21149524]
Arianne E, Inge DP, Cor S, Marieke S, Hubertus V. Toward tailored disease management for type 2 diabetes. Am J Managed
Care 2012 Oct;18(10):619-630.
Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M, American Diabetes Association (ADA),
European Association for the Study of Diabetes (EASD). Management of hyperglycemia in type 2 diabetes: a patient-centered
approach: position statement of the American Diabetes Association (ADA) and the European Association for the Study of
Diabetes (EASD). Diabetes Care 2012 Jun 19;35(6):1364-1379 [FREE Full text] [doi: 10.2337/dc12-0413] [Medline:
22517736]
Relman AS. The Institute of Medicine Report on The Quality of Health Care: Crossing the Quality Chasm: A New Health
System for the 21st Century. N Engl J Med 2001 Aug 30;345(9):702-703. [doi: 10.1056/nejm200108303450917]
The American Geriatrics Society Expert Panel on Person-Centered Care. Person-centered care: a definition and essential
elements. J Am Geriatr Soc 2016 Jan 2;64(1):15-18. [doi: 10.1111/jgs.13866] [Medline: 26626262]
Coulourides Kogan A, Wilber K, Mosqueda L. Moving toward implementation of person-centered care for older adults in
community-based medical and social service settings: 'you only get things done when working in concert with clients'. J
Am Geriatr Soc 2016 Jan 02;64(1):e8-14. [doi: 10.1111/jgs.13876] [Medline: 26626544]
Robby N, Nancy W, Tamara N, Nicholas H, Rebecca J, Arun K, et al. Interventions for enhancing medication adherence.
Cochrane Database of Systematic Reviews 2014 Nov 20;2014(11). [doi: 10.1002/14651858.cd000011.pub4]
Ricci-Cabello I, Bobrow K, Islam SM, Chow CK, Maddison R, Whittaker R, et al. Examining development processes for
text messaging interventions to prevent cardiovascular disease: systematic literature review. JMIR Mhealth Uhealth 2019
Mar 29;7(3):e12191 [FREE Full text] [doi: 10.2196/12191] [Medline: 30924790]
Farmer AJ, McSharry J, Rowbotham S, McGowan L, Ricci-Cabello I, French DP. Effects of interventions promoting
monitoring of medication use and brief messaging on medication adherence for people with Type 2 diabetes: a systematic
review of randomized trials. Diabet Med 2016 May 17;33(5):565-579. [doi: 10.1111/dme.12987] [Medline: 26470750]
Beratarrechea A, Lee AG, Willner JM, Jahangir E, Ciapponi A, Rubinstein A. The impact of mobile health interventions
on chronic disease outcomes in developing countries: a systematic review. Telemed J E Health 2014 Jan;20(1):75-82 [FREE
Full text] [doi: 10.1089/tmj.2012.0328] [Medline: 24205809]
Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. J Am Med Assoc 2015 Sep
22;314(12):1255-1263. [doi: 10.1001/jama.2015.10945] [Medline: 26393848]
Bobrow K, Farmer AJ, Springer D, Shanyinde M, Yu L, Brennan T, et al. Mobile phone text messages to support treatment
adherence in adults with high blood pressure (star): a single-blind, randomized trial. Circulation 2016 Jan
14:CIRCULATIONAHA.115.017530. [doi: 10.1161/circulationaha.115.017530]
Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. J Am Med Assoc 2015 Sep
22;314(12):1255-1263. [doi: 10.1001/jama.2015.10945] [Medline: 26393848]
Kassavou A, Sutton S. Automated telecommunication interventions to promote adherence to cardio-metabolic medications:
meta-analysis of effectiveness and meta-regression of behaviour change techniques. Health Psychol Rev 2018 Mar
12;12(1):25-42. [doi: 10.1080/17437199.2017.1365617] [Medline: 28805162]
Farmer A, Allen J, Bartlett K, Bower P, Chi Y, French D, SuMMiT-D Collaborative Group. Supporting people with type
2 diabetes in effective use of their medicine through mobile health technology integrated with clinical care (SuMMiT-D
Feasibility): a randomised feasibility trial protocol. BMJ Open 2019 Dec 29;9(12):e033504 [FREE Full text] [doi:
10.1136/bmjopen-2019-033504] [Medline: 31888938]
Esendex. URL: https://www.esendex.co.uk [accessed 2020-07-13]
Chan A, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and elaboration:
guidance for protocols of clinical trials. Br Med J 2013 Jan 8;346(jan08 15):e7586 [FREE Full text] [doi: 10.1136/bmj.e7586]
[Medline: 23303884]
CakePHP. URL: https://cakephp.org [accessed 2020-07-13]
MySQL. URL: https://www.mysql.com [accessed 2020-07-13]
World Wide Web. URL: https://www.w3.org [accessed 2020-07-13]
HTML. URL: https://www.w3.org/html [accessed 2020-07-13]
CSS. URL: https://www.w3.org/Style/CSS [accessed 2020-07-13]

https://formative.jmir.org/2021/3/e18460

XSL• FO
RenderX

Chi et al

JMIR Form Res 2021 | vol. 5 | iss. 3 | e18460 | p.319
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
32.
33.
34.
35.
36.

37.

38.

39.

40.
41.
42.

Chi et al

Javascript. URL: https://www.w3.org/standards/webdesign/script [accessed 2020-07-13]
PHP. URL: https://www.php.net [accessed 2020-07-13]
Health and Social Care Network (HSCN). URL: https://digital.nhs.uk/services/health-and-social-care-network [accessed
2020-07-13]
The Transport Layer Security (TLS) Protocol. URL: https://tools.ietf.org/html/rfc524636 [accessed 2020-07-13]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug 20;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
Lauren E C, Rachel N C, Marijn B, Alexander J R, Marie J, Michael P K, et al. Links between behavior change techniques
and mechanisms of action: an expert consensus study. Annals of Behavioral Medicine 2019 Jul 17;53(8):708-720. [doi:
10.31234/osf.io/fge86]
Long H, Bartlett YK, Farmer AJ, French DP. Identifying brief message content for interventions delivered via mobile
devices to improve medication adherence in people with type 2 diabetes mellitus: a rapid systematic review. J Med Internet
Res 2019 Jan 9;21(1):e10421. [doi: 10.2196/10421]
Yvonne Kiera B, Andrew F, Rustam R, David P G. Use of brief messages based on behavior change techniques to encourage
medication adherence in people with type 2 diabetes: developmental studies. J Med Internet Res 2020 May 13;22(5). [doi:
10.2196/preprints.15989]
Sentry (Secure Entry). URL: https://sentry.phc.ox.ac.uk/sentry [accessed 2020-07-13]
REDCap. URL: https://www.project-redcap.org [accessed 2020-07-13]
Secure Your Site with HTTPS. URL: https://support.google.com/webmasters/answer/6073543?hl=en [accessed 2020-07-13]

Abbreviations
API: application program interface
BCT: behavior change technique
EHR: electronic health record
GP: general practitioner
NHS: National Health Service
NIHR: National Institute for Health Research
Q1, Q3: first quartile and third quartile
SuMMiT-D: Support through Mobile Messaging and Digital Health Technology for Diabetes
TLS: transport layer security

Edited by G Eysenbach; submitted 27.02.20; peer-reviewed by D Wake, J Buekers; comments to author 29.06.20; revised version
received 20.08.20; accepted 17.12.20; published 26.03.21.
Please cite as:
Chi Y, Velardo C, Allen J, Robinson S, Riga E, Judge D, Tarassenko L, Farmer AJ
System Architecture for "Support Through Mobile Messaging and Digital Health Technology for Diabetes" (SuMMiT-D): Design and
Performance in Pilot and Randomized Controlled Feasibility Studies
JMIR Form Res 2021;5(3):e18460
URL: https://formative.jmir.org/2021/3/e18460
doi:10.2196/18460
PMID:33769299

©Yuan Chi, Carmelo Velardo, Julie Allen, Stephanie Robinson, Evgenia Riga, David Judge, Lionel Tarassenko, Andrew J Farmer.
Originally published in JMIR Formative Research (http://formative.jmir.org), 26.03.2021. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Formative
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://formative.jmir.org,
as well as this copyright and license information must be included.

https://formative.jmir.org/2021/3/e18460

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e18460 | p.320
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Bente et al

Original Paper

The Dutch COVID-19 Contact Tracing App (the CoronaMelder):
Usability Study
Britt Elise Bente1, MSc; Jan Willem Jaap Roderick van 't Klooster2, PhD; Maud Annemarie Schreijer1, MSc; Lea
Berkemeier1, MSc; Joris Elmar van Gend2, MSc; Peter Jan Hendrik Slijkhuis2, MSc; Saskia Marion Kelders1,3, PhD;
Julia Elisabeth Wilhelmina Cornelia van Gemert-Pijnen1, PhD
1

Centre for eHealth and Wellbeing Research, Department of Psychology, Health and Technology, University of Twente, Enschede, Netherlands

2

Behavioural Management and Social Sciences Lab, Faculty of Behavioral, Management and Social Sciences, University of Twente, Enschede,
Netherlands
3

Optentia Research Focus Area, North West University, Vanderbijlpark, South Africa

Corresponding Author:
Britt Elise Bente, MSc
Centre for eHealth and Wellbeing Research
Department of Psychology, Health and Technology
University of Twente
Drienerlolaan 5
Enschede, 7522 NB
Netherlands
Phone: 31 53 489 9660
Email: b.e.bente@utwente.nl

Abstract
Background: Adoption and evaluation of contact tracing tools based on information and communications technology may
expand the reach and efficacy of traditional contact tracing methods in fighting COVID-19. The Dutch Ministry of Health, Welfare
and Sports initiated and developed CoronaMelder, a COVID-19 contact tracing app. This app is based on a Google/Apple Exposure
Notification approach and aims to combat the spread of the coronavirus among individuals by notifying those who are at increased
risk of infection due to proximity to someone who later tests positive for COVID-19. The app should support traditional contact
tracing by faster tracing and greater reach compared to regular contact tracing procedures.
Objective: The main goal of this study is to investigate whether the CoronaMelder is able to support traditional contact tracing
employed by public health authorities. To achieve this, usability tests were conducted to answer the following question: is the
CoronaMelder user-friendly, understandable, reliable and credible, and inclusive?
Methods: Participants (N=44) of different backgrounds were recruited: youth with varying educational levels, youth with an
intellectual disability, migrants, adults (aged 40-64 years), and older adults (aged >65 years) via convenience sampling in the
region of Twente in the Netherlands. The app was evaluated with scenario-based, think-aloud usability tests and additional
interviews. Findings were recorded via voice recordings, observation notes, and the Dutch User Experience Questionnaire, and
some participants wore eye trackers to measure gaze behavior.
Results: Our results showed that the app is easy to use, although problems occurred with understandability and accessibility.
Older adults and youth with a lower education level did not understand why or under what circumstances they would receive
notifications, why they must share their key (ie, their assigned identifier), and what happens after sharing. In particular, youth in
the lower-education category did not trust or understand Bluetooth signals, or comprehend timing and follow-up activities after
a risk exposure notification. Older adults had difficulties multitasking (speaking with a public health worker and simultaneously
sharing the key in the app). Public health authorities appeared to be unprepared to receive support from the app during traditional
contact tracing because their telephone conversation protocol lacks guidance, explanation, and empathy.
Conclusions: The study indicated that the CoronaMelder app is easy to use, but participants experienced misunderstandings
about its functioning. The perceived lack of clarity led to misconceptions about the app, mostly regarding its usefulness and
privacy-preserving mechanisms. Tailored and targeted communication through, for example, public campaigns or social media,
is necessary to provide correct information about the app to residents in the Netherlands. Additionally, the app should be presented
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as part of the national coronavirus measures instead of as a stand-alone app offered to the public. Public health workers should
be trained to effectively and empathetically instruct users on how to use the CoronaMelder app.
(JMIR Form Res 2021;5(3):e27882) doi:10.2196/27882
KEYWORDS
usability testing; user evaluation; user experience; contact tracing apps; CoronaMelder; COVID-19; pandemic; mobile apps;
mHealth; public health

Introduction
After the World Health Organization officially declared the
COVID-19 outbreak as a pandemic, countries all over the world
were urged to implement strict interventions in order to limit
viral spread and to prevent overload of health care systems [1].
The key essentials of these interventions focus on reducing the
risk of COVID-19 transmission and consist of a package of
instruments that are implemented worldwide and are based on
responses to earlier pandemics. They include behavioral
measures (social distancing, handwashing, personal protective
equipment), adequate resources (personnel and materials for
massive-scale testing, contact tracing and supported isolation),
monitoring symptoms (contact tracing of possibly infected
persons), and the use of digital tools [2,3].
In traditional contact tracing approaches, public health
authorities (PHA) follow protocols that aim “to interrupt
transmission chains by ensuring that persons who have been in
contact with an infected individual are notified that they are at
increased risk of infection and how to take action to prevent
passing the infection to others” [2]. This is important because
although the coronavirus incubation period ranges between 1
and 14 days [4], an infected individual can transmit the virus
up to 48 hours before the onset of symptoms [5]. In addition,
some infected individuals do not develop symptoms but are still
infectious [6]. According to the contact tracing protocol, PHA
(1) contact positive-tested individuals, (2) advise them about
measures, (3) identify together with them how or by whom they
were infected, (4) list and contact all persons they have been in
contact with, and (5) arrange for individuals’ contacts to be
tested [7]. Despite being successful, traditional contact tracing
by public health staff is labor-intensive, slow, and error-prone
because people do not remember all their contacts [8,9]. Hence,
the European Centre for Disease Prevention and Control has
recommended the usage of digital tools, such as mobile tracing
apps, to enhance and optimize traditional contact tracing [2].
Contact tracing apps could potentially provide several benefits
as they (1) do not rely on the memory of the user (reminding
users who they have had contact with), (2) allow contacts
unknown to the user to be notified, (3) can speed up and enhance
the tracing process, and (4) may facilitate further follow-up of
contacts by PHA [2,6]. However, there are also some limitations
in using these apps—not everyone has a smartphone or is able
to carry their phone with them at all times; older smartphones
or operating systems may not support newer apps (eg, newly
developed apps can only operate on smartphones with operating
systems iOS 13.5 or Android version 6, or later); the tracing
technology inherently produces false positives and false
negatives; and there are privacy concerns [2]. Furthermore, not
https://formative.jmir.org/2021/3/e27882

XSL• FO
RenderX

everyone will be capable of or willing to use these apps (eg,
older adults or vulnerable populations) [10]. These apps may
complement but can never replace conventional contact tracing
systems coordinated by PHA [10].
The Dutch Ministry of Health, Welfare and Sports (VWS)
created conditions for the implementation of such an app. These
conditions are listed in a Plan of Requirements [11] and mandate
that the app should (1) be anonymous and voluntary to use; (2)
be developed as open source (co-designed in an open Figma
design platform); (3) notify users when they are at increased
risk; (4) be in line with Guidelines for Infection Control [12];
(5) operate in addition to manual contact tracing (individuals
should not receive help through the app that they would not
receive without the app); (6) be inclusive (aimed at the largest
possible relevant target group through explicit attention to
language, literacy, and general/digital limitations); (7) aim to
prevent reporting of false positives; and (8) involve international
cooperation (eg, the app should be available on all phones
operating on iOS and Android systems; connections between
app users are made via Bluetooth; protection of privacy should
be guaranteed [the app should be in line with common security
standards and Web Content Accessibility guidelines, and a Data
Privacy Impact Assessment should be performed]; and
calculation of risks [distance, duration, and date of exposure]
should be performed by the Google/Apple Exposure Notification
framework [13]).
Contact tracing apps from other countries were examined by
experts [14] to evaluate if these apps could also be implemented
in the Netherlands. However, none of the evaluated apps met
the above-mentioned criteria. The VWS therefore decided to
develop a COVID-19 contact tracing app using the
Google/Apple Exposure Notification framework that would be
interoperable (to facilitate cross-border use): the CoronaMelder
app. A development team, supported by an advisory committee
and four task forces, was assigned to develop and test the
CoronaMelder. The design of the app followed a
privacy-by-design approach to minimize privacy invasion.
During the development of the CoronaMelder, the app was
tested with a variety of end users in field tests [15], think-aloud
usability tests, practical tests, and ethical tests [16]. Additionally,
the digital security of the app was tested using penetration tests
and data privacy impact assessments. The findings of these tests
led to continuous evaluation of the development and
implementation of the CoronaMelder [16].
This paper focuses on the added value of the CoronaMelder app
to support contact tracing. Think-aloud usability tests were
conducted from June 29 to July 3, 2020, in the selected test
region of Twente in the Netherlands. Twente was chosen for
the current study because of its willingness to participate,
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available expertise, and the coronavirus-proof test infrastructure
of the University of Twente. The usability tests aimed to
evaluate the user-friendliness, understandability, reliability and
credibility, inclusiveness, and user experience of the
CoronaMelder. These criteria were chosen because the
CoronaMelder could only support traditional contact tracing by
PHA if the criteria are satisfied. As the app is to be used by the
public, it needs to be understandable and usable by users varying
in terms of digital literacy, educational background, and
ethnicity. To this end, various target groups were involved in
the usability tests. The findings of this study will contribute
improvements in the design of the app and support the VWS in
its decision whether to launch the app. This paper aims to answer
the following question: is the CoronaMelder user-friendly,
understandable, reliable and credible, and inclusive?

Methods
Setting
The study consisted of scenario-based usability tests with
additional interview questions and the Dutch User Experience
Questionnaire (UEQ-Dutch) [17]. The usability tests were
conducted using a scenario-based, think-aloud method [18],
captured by researcher observations and voice recordings, and
took place from June 29 to July 3, 2020. A beta version of the
app was evaluated using test iOS (version 0.1, build 172) and
Android (version 0.3.1, build 107) phones. Mock-ups (Figma,
version 0.7.1) were used for the scenarios that could not be
tested in the beta version due to the current stage of development
(ie, being able to download the app from the App Store). The
study was conducted at the University of Twente’s DesignLab
and in the Experivan mobile lab [19], which was used to visit
participants with an intellectual disability. The BMS Lab
protocol for coronavirus-safe research on humans has been
approved by the Executive Board of the University of Twente.
Hands and equipment were disinfected before and after the tests,
and national measures were followed (per the National Institute
for Public Health and the Environment [RIVM] [20]).

Participants
Participants were recruited using convenience sampling in
Twente.
To test whether the app is inclusive, participants from the
following target groups were included:
•

Youth (<21 years) with a lower level of education (n=14);
this included primary education and prevocational
secondary education;
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•

•
•
•
•

Youth (<21 years) with a higher level of education (n=5);
this included senior general secondary education,
preuniversity senior secondary vocational education, higher
vocational education, and university education;
Youth with an intellectual disability (n=4);
Migrants (n=2);
Adults (40-64 years) (n=5);
Older adults (>65 years) (n=14).

Ethics Approval and Consent to Participate
The study was approved by the university’s Ethical Committee
(BCE200953).
Participants were informed of the voluntary nature of their
participation and confidentiality was guaranteed. All participants
signed an informed consent, and a parent or guardian signed
the informed consent for underaged participants.

Procedure
Adults (aged 40-64 years), older adults (aged >65 years), and
migrants were contacted by the researchers by telephone. In
this call, an explanation was provided about the nature and
purpose of the study and an appointment was scheduled for the
test. Recruitment of the younger participants was arranged
through an intermediary (eg, school principal, mentor). The
parents or guardians of minors were contacted by the
intermediary via telephone and asked for their permission to let
their children participate in the study. After the call with the
researcher, all participants (or intermediaries) received email
confirmation of the appointment, which also included additional
information on participation. Figure 1 provides an overview of
the procedure for participants.
The usability tests were conducted individually and in pairs in
the case of youth in the lower-education category since research
shows that minors are more capable of identifying a larger
number of problems and details while working in pairs [21].
Before the test, the nature and purpose of the study were
explained again, and permission for participation and audio
recordings was given by signing the informed consent form.
Parents or guardians had to sign the informed consent for minor
youth. After providing additional consent, 6 participants
additionally wore Tobii eye-tracker glasses (Tobii Gaming) for
gaze analysis. An eye tracker was used due to people’s strong
urge to move their eyes, so that the fovea is pointed at whatever
stimulus they are currently thinking about or processing. This
is referred to as the so-called eye-mind link [22-24]. This theory
makes eye tracking a reliable tool for exploring visual attention.
These results are discussed elsewhere [25] and are outside of
the scope of this paper.
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Figure 1. Flowchart of study recruitment and procedure. The top part visualizes the recruitment methods, through both direct (n=21) and indirect (via
intermediaries/representatives, n=23) channels. Included participants were tested in a stationary and mobile lab, with or without additional eye tracking,
following the test protocol depicted on the right. UEQ-Dutch: Dutch User Experience Questionnaire.

The test protocol (Multimedia Appendix 1) started with general
questions about the impact of the pandemic on the participants’
lives and about what they had already heard about contact
tracing apps for COVID-19. Thereafter, each participant
actioned four scenarios on the app, which represented actual
use of the app (1-hour test) while simultaneously thinking aloud.
Before the usability test started, participants could choose
between an iOS and Android test smartphone, per their
preference. The four scenarios were:
1.

2.

Introduction to the app: in this scenario, the app was shown
in the App Store, and additional information about the app
could be read. Researchers focused on whether participants
understood how to download the app and where they could
find additional information, as well as whether they read
the information.
Onboarding and activation of the app: in this scenario, the
app’s operation was explained through onboarding steps,
in which participants learned about the content of the app
and confirmed the right settings for app use (allow the app
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3.

4.

to use Bluetooth and to send notifications). After onboarding
was completed, the app was activated and participants had
the opportunity to explore the app independently.
Researchers focused on whether the explanation of the app’s
function was clear, how participants acted, and whether
they understood the permissions they consented to.
Receiving notifications: in this scenario, participants receive
a notification from the app about their increased risk of
infection because they have been in close contact with an
individual who has tested positive for COVID-19.
Researchers focused on whether participants understood
what a notification entailed, whether it was clear to them
why they received a notification, and what an increased
risk status was based on. It was also examined whether it
was clear to the participants what actions they should take
after receiving a notification.
Sharing keys (telephone conversation with PHA): in this
scenario, participants were asked to imagine they had
recently been tested for COVID-19. During the scenario,
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participants received a phone call from a PHA worker,
informing them of a positive test result. The PHA worker
followed the Dutch Gemeentelijke Gezondheidsdienst
(Regional Public Health Services) telephone script
(Multimedia Appendix 2), in which the participant was
asked about their symptoms and received help with sharing
their key (ie, their assigned identifier). First, the participant
had to provide the key to the PHA worker by phone. Next,
the participant had to click a button on the app interface to
share the key with other app users (to warn the people they
were in contact with).
After completing the scenarios, closing interview questions
were asked about the participants’ attitude toward the app and
their willingness to use it. Additionally, a general questionnaire
was administered (Multimedia Appendix 3), collecting data on
gender, age, highest completed level of education, physical
limitations in using apps, and a self-reported digital skills
assessment, combined with the UEQ-Dutch. Within the
UEQ-Dutch, participants had to assess different characteristics
of the app (eg, whether the app is easy to use, visually attractive,
supportive, and reliable) on a 7-point Likert scale. Researchers
focused on whether the steps to be completed on the app were
clear and easy to follow, and whether participants understood
the utility and consequences of sharing their key. Differences
between target groups were explored to investigate whether the
app is inclusive. Whether the conversation with the PHA worker
matched the steps that must be completed in the app was also
examined.

Data Analysis
The recordings of the usability tests were pseudonymized (by
BB) and stored on a data server at the University of Twente and
were only accessible to the researchers involved. These storage
and associated processes were certified according to ISO/IEC
(International Organization for Standardization/International
Electrotechnical Commission) 27001 and NEN 7510 standards.
Recordings of 3 participants (1 youth with a higher educational
level and 2 youths with an intellectual disability) were not stored
correctly due to technical errors, so these participants were
excluded from the study. Recordings were transcribed verbatim
(by MS, LB, JG), and all transcripts were analyzed (by BB and
MS) to identify fragments on user-friendliness,
understandability, reliability and credibility, and inclusiveness.
Relevant fragments were labeled with the main codes
“user-friendliness,” “understandability,” “reliability and
credibility,” and “inclusiveness” in Microsoft Excel. Next, the
fragments within the main codes were analyzed axially to link
fragments to each other and create new subcodes within each
main code. Two researchers (BB and MS) coded 6 transcripts
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together to determine coding agreements. BB and MS each
coded half of the other transcripts while considering the coding
agreements. The coding scheme was revised several times by
both researchers, and fragments were reread and recoded if
necessary.
Descriptive statistics were generated for the general
questionnaire using SPSS, version 20 (IBM Corp) [26]. The
outcomes of the UEQ-Dutch were analyzed within the data
analysis tool [27] offered by UEQ. This tool is benchmarked
every year by UEQ to keep the validity of the tools as high as
possible. The data gathered from the UEQ-Dutch questionnaire
were input into the tool, which resulted in descriptive statistics
and graphical representations of the gathered UEQ-Dutch data.

Availability of Data and Materials
The transcribed data are not publicly available due to privacy
restrictions but are available from the corresponding author
upon reasonable request. All screenshots of the CoronaMelder
app are online, available via Figma.

Results
This section discusses participant demographics as well as the
user-friendliness, understandability, reliability and credibility,
and inclusiveness results of the CoronaMelder app.

Participant Characteristics
In total, data from 44 participants were included in this study.
The sample comprised 31 males (70.5%). The mean age was
40 years, ranging from 13 to 79 years, and 26 (59%) participants
reported having completed a higher education level. The
majority indicated not having physical limitations to using apps
in general. Nearly all rated their digital skills to be between “not
handy, not clumsy” and “very handy.” All participant
characteristics are listed in detail in Table 1.
The following sections will focus on the research question: is
the CoronaMelder user-friendly, understandable, reliable and
credible, and inclusive? Table 2 presents an overview of how
many arguments were mentioned by participants per theme,
indicating their positive or negative opinion, or whether they
understood the items related to the theme. The majority of the
participants were positive about the user-friendliness, reliability,
and credibility of the app. Participants from all target groups
indicated more negative comments than positive ones regarding
the understandability of the working mechanism of the
CoronaMelder.
Multimedia Appendix 4 provides an overview of the number
of positive and negative comments per topic, per target group.
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Table 1. Demographic data of participants (N=44).
Characteristic

Value

Age (years), mean (range)

40 (13-79)

Gender, n (%)
Male

31 (70.5)

Female

13 (29.5)

Highest completed education level, n (%)
None or primary education

12 (27.3)

Preparatory secondary vocational education (practical)

3 (6.8)

Preparatory secondary vocational education (theoretical)

3 (6.8)

Secondary vocational education

0 (0)

General secondary education/secondary university education

6 (13.6)

Propedeutic (higher professional education or scientific education)

4 (9.1)

Bachelor’s degree (higher professional education or scientific education

4 (9.1)

Master’s or doctoral degree

12 (27.3)

Physical limitations in using apps in general, n (%)
I have trouble reading

2 (4.5)

I am dyslectic

1 (2.3)

I am visually impaired

0 (0)

I have a motor disability

0 (0)

I am hard of hearing

1 (2.3)

I have limited digital skills

2 (4.5)

Other (please specify)

1 (2.3)

None

36 (81.8)

Did not state

1 (2.3)

Self-reported digital skills assessment, n (%)
Very handy

9 (20.5)

Handy

22 (50.0)

Not handy, not clumsy

12 (27.3)

Clumsy

1 (2.3)

Very clumsy

9 (20.5)

I do not know, no opinion

0 (0)

https://formative.jmir.org/2021/3/e27882

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e27882 | p.326
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Bente et al

Table 2. Number of participants who stated a positive or negative comment about the CoronaMelder per topic (user-friendliness, understandability,
reliability and credibility, and inclusiveness). For understandability of the notification and key-sharing system, the table demonstrates how many
participants understood how the CoronaMelder app worked.
Theme

Positive/understand, n (%)

Negative/did not understand, n (%)

Layout

23 (53)

8 (18)

Navigation

33 (75)

9 (20)

Language

7 (16)

10 (23)

Receiving a notification

15 (34)

21 (48)

Sharing the key

15 (34)

19 (43)

Reliability and credibility

19 (43)

6 (14)

Inclusiveness

5 (11)

9 (20)

User-friendliness

Understandability

User-Friendliness
User-friendliness was assessed with the UEQ-Dutch and during
the interview. In Figure 2, the outcomes of the UEQ-Dutch for
the entire population are displayed for each of the six assessed
scales. The scales include attractiveness (an overall impression
of how much users like or dislike the app), perspicuity (how

easy it is for participants to become familiar with the app),
efficiency (the ability of users to use the app as intended),
dependability (whether the user feels in control of the interaction
with the app), stimulation (whether the app is exciting and
motivating to use), and novelty (whether the app catches the
interest of the user).

Figure 2. Boxplot with a mean score per User Experience Questionnaire (UEQ) scale for the total population, scoring from –3 (horribly bad) to +3
(extremely good). The error bars show confidence intervals.

Participants rated the CoronaMelder app between 0.9 and 1.7
for all scales, which represents a positive evaluation (values
>0.8) [28]. For perspicuity and efficiency, the app was rated
relatively high, indicating the CoronaMelder is easy to become
familiar with and participants were able to use the app as
intended. The CoronaMelder scored relatively low on novelty,
indicating that it was not proficient in capturing user interest.

Layout

appreciated, particularly by youth with an intellectual disability,
who indicated having difficulties reading long texts.
Representation and inclusiveness were achieved by displaying
images of people from different cultures (Figure 3). The
examples of when exposure leads to an increased risk (Figure
3) were commended since they helped participants better
understand when they were exposed. Below is a sample response
from participant 38, a youth with an intellectual disability:

The interviews showed that most of the participants liked the
style of the app. The use of pictures within the app was
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Figure 3. App screenshots viewed during onboarding: (left) an example of when users are not exposed to increased risk and (right) an example of when
users might be exposed to increased risk.

Question: Based on what you’ve read so far, what
things do you like and recognize as being important
for you?
Participant: That it is explained in a simple way and
that not too many words are getting used.
Question: And do you think that this is addressed
here?
Participant: Yes.
One negative aspect included participants’ report of not reading
long texts or only quickly scanning a text by reading the
subheadings and words in bold to understand the most important
information:

with an intellectual disability were not able to understand how
the app worked by only reading the informational texts within
the app:

Well, I only read bold letters. I always want to be able
to download an app quickly, so I am not going to read
everything. The smaller, non-bold letters are then less
important, I guess, so actually I skipped those.
[Participant 2, adult]
A few participants suggested that videos in which the
information within the app is explained in more detail would
be useful because not everyone likes to read, or some may not
be able to read well. Additionally, using visualizations was
recommended: youth with a lower educational level and those

Most comments on navigation were positive. For example,
participants considered the flow of information to be logical.
Regardless, multiple issues with navigation were identified.
First, it was unclear to participants whether an additional
information page with more explanations about the app could
be opened in the Google Play Store (Figure 4); hence, the page
was not read by every participant. In particular, older
participants did not know it was possible to consult additional
information, although they reported wanting to read extra
information.
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It might have been useful to design a human with a
mobile phone, standing with a group of people, one
of whom appeared to be infected, and they all use the
app. If there are 5 people and 1 have the virus, then
if you make it visual how the app makes contact with
other apps, you can explain what Bluetooth does.
Because I don’t know if everyone knows what
Bluetooth is. [Participant 20, adult]

Navigation
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Figure 4. The CoronaMelder app as seen in the Google Play Store. The app can be installed by clicking the Install button. The text below this button
reads: “Receive a notification if you have been in close contact with someone who later tested positive for COVID-19. This app is authorized for use
in the Netherlands and uses the Google/Apple Exposure Notification system.” Additional information can be found in the About this app section. The
text under this heading reads: “Help to stop the spread of the coronavirus in the Netherlands.”.

Second, within the app, some buttons (eg, Sharing the Key and
Request a Corona Test) were only visible after scrolling, which
was not clear for some participants, who therefore could not
find the buttons:
I didn’t know there was another fourth button […]
Sometimes you think that what is visible here, is
everything. Then I will not go scrolling automatically,
but it could just be me. [Participant 27, adult]
Third, the app did not provide clear expectations to the
participants on what to do after activating the app. After
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activation, the home screen (Figure 5) is displayed, informing
users that the app is activated and ready for use. Younger
participants automatically closed the app, whereas older
participants became disoriented and reported being unsure about
what to do next:
You could also put that in the text ‘the app is active
and if you are sufficiently informed you don’t have
to do anything’, because people will ask ‘what now?’
[Participant 8, adult]
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Figure 5. The app’s home screen, which appears after the user has finished the onboarding and activation of the app. At the top (1), the app explains
its activation for use. Below this are several information pages on (2) how the app works (frequently asked questions), (3) what to do if one receives a
notification, (4) how to request a COVID-19 test, and (5) how to share one’s key.

Positive remarks on navigation included the ease of onboarding
and activating the app and the logical sequence flow of
providing information about the app during onboarding
(Multimedia Appendix 5). The majority of both older and
younger participants indicated that they normally would click
quickly through the screens and only read the information
properly since they were participating in the study. The younger
participants gave permission to receive notifications and use
Bluetooth without delay, while the older participants thought
carefully about granting permission:
Most of it is very logical. I now read the texts
properly, but usually I would probably click and skip
faster through it. [Participant 4, older adult]

Understandability
Participants from all target groups provided more negative
comments than positive ones on the understandability of several
topics. Understandability problems occurred due to
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inconsistency in the terms used and not reading information on
how the app works. Most problems concerned receiving a
notification from the app and sharing the key when tested
positive to support contact tracing. The app was inconsistent in
the ways it referred to the coronavirus (eg, “coronavirus,”
“COVID-19,” and “corona”) and to the key that should be shared
after testing positive (eg, “ID,” “code,” “control code”).
Furthermore, a clear definition or explanation was lacking within
the app about what it means to be exposed (“exposure”) or at
“increased risk” of a COVID-19 infection. The texts also include
technical English vocabulary, such as “ID,” “share,” “enable,”
and “upload.” Older participants in particular did not know what
those words meant and were confused by them:
Now suddenly some English words are used. Well,
that is a problem for some people. You should not do
that. Or you should provide both languages. But now
you have people who get stuck around here […] this
can confuse people. [Participant 4, older adult]
JMIR Form Res 2021 | vol. 5 | iss. 3 | e27882 | p.330
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Understandability of Receiving Notifications When
Exposed to an Increased Risk
The app sends a notification to the phone, explaining that the
user is at increased risk because on a certain date they were
close for more than 10 minutes to another app user who later
tested positive. Opening the notification brings the user to an
information page in the app that explains what the user should
do.
Being at Risk: When and How a Notification Will Be
Received
The test showed that the majority of participants, but in
particular youth in the lower-education category, did not
understand under what circumstances they would receive a
notification; for example, participants believed they would
receive an alarm immediately after exposure:
But I am not quite sure how it works exactly, whether
it’s anonymous or when you receive a notification…
If I understand correctly, you will receive a
notification if you have been with someone for more
than 10 minutes, but then you do not know whether
the person is infected or not? And if they have been
tested, you will receive a notification that they were
infected. Can I figure that out based on this? Well, I
don’t think so. [Participant 32, older adult]
Youth in the higher-education category, adults, and older adults
also reported that the time between exposure and notification
(within 14 days) is too long, although they can imagine why
this is the case. A few participants even labeled the app as
useless when they did not receive a notification immediately
after being exposed because by the time they receive the
notification, according to them, it is too late to take appropriate
action:
It would be nice if, for example, someone has corona,
then if you walk by, your phone will beep at once, like
a message will be given […] Because after five days,
it is already too late. If someone has the coronavirus
and you immediately get a message, then you know,
oh I must keep my distance. [Participant 14, youth,
lower-education category]
None of the participants, regardless of age and education,
understood when they were at increased risk for possible
infection. For example, they were not aware of how long and
how close they must be to someone who turned out to be
infected to receive an increased risk notification. Participants
also appeared not to understand that the app only communicates
with other apps, so they will only receive a notification if the
infected person also uses the app. It was unclear to participants
that exposure detection was based on Bluetooth connection
between different smartphones and based on actually being
exposed to the infected persons themselves. The exposure
threshold level of 10 minutes was questioned by participants.
Participants (across all target groups) believed that they can
also be infected when they are in close proximity to someone
for less than 10 minutes.
But 10 minutes … isn’t that quite long? Suppose he
has coronavirus and I stand near him for 2 minutes
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and then leave […] 2 minutes is enough anyway.
[Participant 15, youth, lower-education category]
What to Do After Receiving a Notification
While youth with both lower and higher educational levels
indicated that the app adequately explained what to do after
they receive a notification, both adults and older adults
mentioned that the app does not provide clear advice and even
gives contradicting advice. For example, the app advises staying
at home but also continuing daily life while being aware of
symptoms.
But what I do want to know – and I miss that in here
– is: what should I do now? I would like to know very
specifically: what should I do? What options do I
have? […] Or even more socially democratic: we
recommend the following […] Suppose if you receive
a notification, I want to know what now? What should
I do? Then I don’t need to know about symptoms or
about a corona test... [Participant 12, adult]
Participants emphasized that the app should clarify how it
notifies users, and what users are expected to do after receiving
this notification. A few participants reported that they did not
find the information about symptoms of the coronavirus and
the possibility of requesting a test useful; they preferred to read
advice on what they should do at that moment:
If you get a notification, 1) I want to know how I get
this notification, 2) suppose I have received a
notification, what now? What am I supposed to do?
I don’t need to know about symptoms or about a
corona test then. [Participant 12, adult]

Understandability of Sharing a Key After Testing Positive
Various understandability issues were identified in the scenario
of a positive test, as well as some positive remarks. The issues
revolved around not understanding what the key is, where to
find it, when to share it, and how to share it. For example, some
participants mentioned they did not know what the key involved
or what they were expected to do:
Well, I see now that it [the app] works through a key
and I haven’t read about that anywhere yet. So, I
don’t know what that key involves. [Participant 12,
adult]
Participants were also unaware that a PHA worker would call
the participant to initiate key sharing:
Now they say ‘then the PHA worker will ask you in
the telephone conversation to share the key from the
app and then upload the keys of the telephones you’ve
been in contact with.’ What are they talking about?
Which key? I don’t know what key they are talking
about. [Participant 12, adult]
A few youths in the lower-education category or with an
intellectual disability did not understand how the app knew that
one had received a positive test result:
But how does the app know you have corona? Do you
have to type that in the app? [Participant 15, youth,
lower-education category]
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Participants expressed different opinions regarding the text
about sharing the key. Youth in the lower education category
appeared to easily share the key and did not want information
about what was expected from them. A few adults mentioned
that the symptoms of the coronavirus and the implemented
measurements are repeated too often within the app. The texts
were considered to be too long, and it was reported that an
overload of information should be prevented. Adults in particular
expressed their indignation about the choice to share one’s key;
they mentioned that if people were not willing to share the key,
they should not have downloaded the app:
If I have the app, wouldn’t that obligate me to share
the key? I think you should share the key, that this
choice option doesn’t have to be in there. Otherwise,
I wouldn’t have to install the app. We try to help get
this virus under control, together. Together, therefore,
means that you have to share this information with
others. So, I think that this choice to share or not is
ridiculous. [Participant 5, adult]
The steps participants must perform to share the key were clear
to most youth and adults, although some older adults did not
understand which process starts after they click on the Share
Your Code button. It was unclear to them why they must point
the key to the PHA worker first and whether they had to share
the key afterward with other users by clicking on the button.
Some thought they must send the key to their contacts via other
communication channels:
My question is whether if it says ‘share codes’,
whether this relates to the person I’ve been in contact
with […] or whether codes are shared with the PHA,
and the PHA then warns people I’ve been in contact
with. That’s unclear to me. [Participant 18, older
adult]
Some youths in the lower-education category pointed out that
when the key is mentioned to a PHA worker, the app is not
anonymous anymore since the PHA worker knows which key
belongs to which person. Below is a sample exchange between
participant 13 (youth, lower-education category) and the
interviewer:
Participant: Well, now they suddenly have my number
at the PHA?
Interviewer: Yes, that’s right, the corona test is not
anonymous. But sharing the key is.
Participant: But if I share my key with them, then it
is not completely anonymous, right?
In addition to this, some adults were irritated by the notification
(Figure 6) that comes after sharing the key. They reported that
one only used the app if one wanted to warn others and assessed
the extra permission notification for sharing as unnecessary:
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In my opinion, this is a strange choice. […] It was
clearly emphasized at the beginning [onboarding]
that the app is anonymous. I also think now, since I
downloaded the app, I have to warn others. That’s
not a choice, it’s a logical consequence of the fact
that I installed the app. I specifically downloaded the
app because it’s anonymized. This is just part of the
deal. I have no idea who I’m sending it to [the key],
I don’t know where I was [during the possible
infection], I don’t know anything, but I do know that
others will receive a signal just like I received a
signal. Then I should no longer have the choice of
sharing or not sharing. [Participant 5, adult]
Participants, with the exception of older adults, considered the
steps provided by the PHA worker for sharing the key on the
app to be clear and easy to follow:
It was super easy for me. Even a young child can do
this on their own. [Participant 2, adult]
This is unclear, how to do that, because there is
nothing, the screen says only ‘close’ to me […] Yes,
because, what you said to me, I cannot carry out […]
No, I only have to close the blue bar […] Maybe I
can do that, maybe that will work […] No, I returned
to the previous screen… [Participant 4, older adult]
Participants did express that the simulated telephone
conversation with the PHA worker lacks guided assistance,
further explanations, and empathy. However, a telephone
conversation was seen as a more personal approach, although
youth with a lower educational level or with an intellectual
disability preferred not to be called, and a few said they will
not answer the phone if the PHA worker calls from a number
with no calling ID. Additionally, too little attention was paid to
the emotions that the message of testing positive can convey to
participants. Participants suggested that PHA workers should
make time to help them through the scenario, especially older
adults, and should identify themselves to ensure reliability.
Participants reported that the PHA worker should calmly go
through the steps with the app users and not ask them to perform
certain steps without providing an explanation:
I think it is pleasant if someone calls you and goes
calmly through the app with you. That they don’t just
say, well you have to do this and that, but that they
really explain step by step what to do and where I
have to click, in the app. That might be useful for
older people or people who do not know or
understand how the app works. I think that would be
useful. [Participant 25, youth, higher-education
category]
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Figure 6. The notification that pops up after sharing the key, asking the user for permission to share their information and notify others after they click
on Share the Key. The text reads: “Share your random IDs with [name of the app]. Your randomly generated IDs for the past 14 days will be used to
notify others that they have been at increased risk. Your personal data and test results will not be shared with others.” The choice options are translated
as “do not share” and “share codes.”.

Reliability and Credibility
The app was assumed to be reliable because it was presented
as a government app, and participants trust the VWS:
[Participant is reading additional information in the
App Store] ‘Released by the Ministry of Health,
Welfare and Sports’. Well, that seems confidential to
me. [Participant 19, youth, lower-education category]
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The explanation about data storage and anonymity (Figure 7)
earns trust, and adult participants in particular applauded the
fact that the app does not require personal data.
I think it’s good that they clearly state what makes
the app safe and anonymous, I think that’s strong […]
Otherwise if these weren’t listed it would scare people
off. [Participant 21, youth, higher-education category]
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Figure 7. Screenshot of frequently asked questions, with responses (left) indicating that the app does not track users’ GPS and (right) how the app is
anonymous.

Although adults assessed the app as trustworthy, youth in the
lower-education group did not understand how the app
guarantees privacy. Participants (from different target groups)
believed that they would be tracked and that others would know
their name and address when they reported a positive diagnosis.
These misconceptions are not only caused by a lack of
explanation or by participants not reading the information
provided, but also because participants mistrust the use of
Bluetooth—some participants may think it will still track their
location and that the app will connect with people who are not
directly in close proximity to them (eg, separated by a wall):
It says that the app knows via Bluetooth whether you
were close to someone […] The app doesn’t know
where you were and who you are. But that’s nonsense,
it has to be. If you turn on Bluetooth, you immediately
see where someone is […] That’s through the Apple
satellite, same for the Samsung satellite. They can
always track your phone, it doesn’t matter if you have
turned it [GPS tracking] off. That’s why it’s nonsense,
and they should add that. But well, if that is the case,
if I already know that someone will use my location,
I will immediately delete the app. [Participant 15,
youth, lower-education category]
Other participants were less doubtful about the use of Bluetooth,
reporting that they thought the acquisition and storage of data
was safe. Additionally, if privacy is guaranteed, multiple
participants (mostly youth in the higher-education category and
adults) mentioned their willingness to use the app:
Of course, in relation to privacy, you always check
who monitors what data, but that will undoubtedly
also be properly secured and your GPS location data
will not be used or stored. That sounds safe, and I
assume it is. [Participant 4, older adult]
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Inclusiveness
Differences in inclusiveness were found across age groups. In
general, participants from all target groups with the exception
of older adults did not have any problems using the app. Among
older adults, there was a dichotomy between those who had
digital skills and those who had trouble finding specific
information within the app, opening and closing specific screens,
and attending a telephone call while simultaneously opening
and using the app:
Turn on speaker, that will be interesting. I’m going
to see if I can do that. Speaker, yes, I did it! I
succeeded. Well, to the Corona app, let me ask, how
do I get there? These are things I’m not handy with.
I have to go to the app. It works on my own phone,
but now it won’t. Close everything … no, I shouldn’t
do that. Ah, this one. Yes, I’m in the Corona app now.
[Participant 29, older adult]
Older adults were able to perform the steps to share the key
under the guidance of the PHA worker but had difficulty
performing these steps while talking on their mobile phone. For
example, older adults were not aware of how they could turn
on the speaker or close the call screen and open the app.
However, they signaled willingness to learn how to use the app:
Oh that’s difficult, then I have to make a phone call
and look something up in the app. I don’t know how
to do that. Normally I can’t even answer my phone
when I’m doing something else on my phone.
[Participant 1, older adult]
Additionally, youth with an intellectual disability appeared to
lean on the researcher while conducting the test. They were in
doubt and asked for confirmation each time before clicking on
a screen or button. They appeared to not know what they were
doing or why they must do it. For example, while sharing the
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key, they followed the steps the PHA worker provided them,
without seeming to understand what they were doing or what
would happen next.
Regarding the language used in the app, participants reacted
differently according to their educational or cultural background.
For example, youth in the higher-education category and both
adult and older adults thought the language was clear and easy
to understand and that appropriate words were used to express
the purpose of the app:
Of course not everyone can read properly, that can
be a bottleneck. The information should actually be
as simple as possible. I think it is easy to read, but I
don’t know if that applies to everyone. [Participant
11, adult]
Youth with a lower educational level, youth with an intellectual
disability, and migrants reported that the words used were too
difficult to understand and texts were too long. The latter
indicated that the app should work in other languages, such as
English and Arabic.
P1: It has really difficult words…P2: I agree, and
difficult words are annoying to read [Paired
participants 16.1 and 16.2, youth, lower-education
category]
Some words I don’t understand so well. It would be
easier for me if I could choose another language.
[Participant 41, migrant]

Discussion
Principal Findings
This study aims to answer the research question: is the
CoronaMelder user-friendly, understandable, reliable and
credible, and inclusive? Based on the findings, we can conclude
that the CoronaMelder is easy to use. The app was seen by most
as a good initiative because it warns them about possible
infections, protects them, and could help avoid a second viral
wave. The app was considered reliable because it is an initiative
from the government (VWS). After participants read the
information in the App Store, they indicated understanding how
the app operates, and many were curious to become familiar
with the app and expressed their intention to download it.
Several general reasons why participants were willing to use
the app were indicated, such as protecting themselves and their
loved ones, creating sufficient support for the app, and helping
to get COVID-19 under control and ease nationwide measures.
However, it appeared that essential parts of the app were not
understood by the participants, such as the notification system,
the sharing of the authorization key via PHA, or how the app
guarantees privacy.
Doubts and fears were expressed regarding privacy, usefulness,
and consequences of the CoronaMelder. Among the reasons for
these negative attitudes were fewer positive arguments in the
media and the number of false positives. Reasons not to use the
CoronaMelder were expressed, such as perceiving the app as
useless, thinking the coronavirus and corresponding measures
were overrated, not wanting to be in quarantine (without
confirmed risk), and limited phone memory or battery capacity.
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In terms of inclusiveness, it appears the CoronaMelder is not
accessible to various target groups. Youth at a lower educational
level or those with disabilities had difficulties using the app due
to low literacy and language problems, and the older adults
experienced difficulties related to limited digital skills.
Whether the app will be effective in supporting traditional
contact tracing is a concern since the majority of participants
did not understand how the app operates or why there is a delay
between exposure/increased risk and receiving a notification.
The app provides complex information and lacks explanations;
therefore, users find it unclear what actions the app expects
from them. This lack of clarity has led to misconceptions about
the app in terms of operation, privacy, and usefulness, thus
affecting participants’ willingness to use it. This also affects
the adoption of the app and adherence. Additionally, the protocol
of PHA workers lacks guidance, explanation, and empathy,
revealing that PHA staff are unprepared to support users with
the app to the fullest extent during the pandemic (eg, with
key-sharing procedures) in addition to their other
responsibilities.

Comparison With Studies on Other COVID-19 Contact
Tracing Apps
To the best of our knowledge, this is the first study to pretest
the usability of the Dutch CoronaMelder app. Studies of other
countries’ contact tracing apps that operate similarly to the
CoronaMelder reported comparable findings on participants’
attitudes toward these kinds of apps. In a study by Horstmann
et al [29] on the German Corona-Warn-App, participants
indicated that there were no reasons not to use the app, that the
benefits would outweigh the risks, and that they believed the
app would contribute to slowing down the pandemic [29]. On
the other hand, in studies of apps in Germany, Switzerland, and
France, the most frequently mentioned reasons not to use the
app were privacy concerns [29-35], doubts about usefulness
[29,34,36], and lack of technical equipment (eg, not all
smartphone operating systems can access the apps) [29,34,37].
In both of the studies on the Corona-Warn-App (Germany) [29]
and the SwissCovid app (Switzerland) [34], as well as in a
longitudinal survey about the Dutch CoronaMelder [38], privacy
concerns appeared to be associated with a lack of trust in the
national government (or in PHA).
In addition, the StopCovid app (France) showed low uptake
[36,39] because the app appeared uninteresting and ineffective
[36]. The same study also reported that 71% of their participants
suggested that better communication strategies would increase
uptake of the app. Our study stated that the reasons mentioned
for not using the app were already expressed before contact
tracing apps were launched. However, it was reported [29,40]
that these concerns were still raised after app implementation,
which indicates that public health campaigns promoting contact
tracing apps were not able to eliminate these concerns.

Lessons Learned and Recommendations
Adequate and Targeted Communication
The tests showed that lack of clarity led to misconceptions about
the app, affecting participants’ willingness to use it.
Communication about the app is therefore essential for
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acceptance [3,29,40]. Targeted and tailored group-specific
communication should happen through channels such as public
campaigns, animations, social media, and ambassadors or
influencers [3,41]. Communication should be customized
according to the aim of the app in relation to other national
COVID-19 measures (eg, testing, quarantine, social distancing)
[3] and in collaboration with PHA and family physicians.
Providing more explanations, plus emphasizing the advantages
of the app in comparison to regular contact tracing, increases
the likelihood that, when individuals download the app, they
will know what to expect as well as what is expected of them
[29,35]. Walrave et al [35] had already reported that the
intention to adopt a contact tracing app increases if people know
how to use the app. Hence, it would be important to have a
helpdesk where people can ask questions, for example, about
the purpose of contact tracing and how the CoronaMelder
contributes to this, how the app operates abroad (ie, outside of
the Netherlands), how anonymity is guaranteed, how data is
stored, what the role of PHA will be, and who to approach in
case of uncertainty or fear regarding possible risks of infection.

Embedment in Traditional Contact Tracing by PHA
Our study suggests that it is important for PHA workers to be
well prepared in guiding users to share their keys in case of
positive test results. It is important to consider the app not as a
stand-alone tool but as part of the pandemic infrastructure
[3,35,41] and to embed it within PHA workers’ workflow.
Hence, it is crucial to provide access to tests, regardless of
symptoms, but dependent on the contact date with an infected
person; complete testing quickly and deliver tests results within
24 hours; clarify the scope of the app compared to other digital
resources (eg, Dashboard, Thuisarts.nl) or apps to be developed;
arrange international agreements about interoperability with
contact tracing apps in other countries; facilitate effective and
efficient interaction between PHA and the CoronaMelder; and
evaluate the effects of the CoronaMelder on contact tracing,
individuals’ behavior, and society.
PHA should coordinate how their health care workers can guide
individuals through the steps of sharing the key with the app.
PHA workers should be trained to properly and empathetically
explain which steps people must follow on the app. After all,
PHA workers are responsible for both conducting the
conversation about the test result and instructing users on the
app. This means that they should be well educated about the
aim and operation of the app and about their task and role during
the phone call. It is therefore recommended to examine ways
PHA workers can proceed to effectively and empathetically
interact with app users.

Strengths and Limitations

Bente et al
CoronaMelder is accessible to all residents of the Netherlands.
The second strength is the real-time pretesting of the key parts
of the CoronaMelder to enable revisions before the definitive
launch. The findings of the study were communicated with the
software development team to exchange feedback on
adjustments to the app and to revise the app during the test days.
During development, minor adjustments in the app’s design
were made, which means that participants who tested the app
later in the study may have viewed some screens that were
different to those tested by participants earlier, even though the
essential parts of the app were the same. Based on the findings
of this study, the VWS decided to launch the app. However, the
definitive launch (October 10, 2020) was postponed due to
changes in testing policy. The premise “test without symptoms,”
which is an important driver for using the app, was changed
due to a lack of testing capacity.

Future Research
To fulfil the requirements of the CoronaMelder [11], the design
of the app can be improved. The accessibility and
understandability of the app should be customized to differences
in literacy and digital skills. Think-aloud, real-world–based
scenarios and eye tracking should be designed to involve end
users with different literacy levels and digital skills to test use
of the app in real time.
Evaluation of the CoronaMelder app should focus on the key
essentials of the app to support early and better contact tracing.
Data should therefore be collected on use and adherence
regarding follow-up actions after a notification, sharing a key
to inform PHA and other users (via the app), and going into
isolation when testing positive. The privacy-by-design policy
could complicate gaining insight into the added value of the
CoronaMelder app since it hinders data collection. A critical
view is needed on how to find a balance between user-centered
design and the privacy-by-design policy.
Future studies should also focus on how communication
campaigns can be best targeted and customized to reduce
uncertainties and misconceptions, thereby improving the
understanding of digital contact tracing apps as well as adoption
and adherence. Overall, an adequate infrastructure (resources,
personnel, capacities, etc) and powerful management tools are
needed to implement the CoronaMelder and other digital tools
to facilitate and optimize contact tracing to fight a pandemic.
The COVID-19 pandemic has had an adverse global impact and
requires an interdisciplinary approach. Future studies of the
CoronaMelder app should consider the app not as a stand-alone
device but as part of a coherent package of anti–COVID-19
measures to fight the pandemic, considering the impact on users,
stakeholders, and testing and tracing procedures.

The first strength of this study is its focus on participants of
different backgrounds (age, education, etc) to test whether the
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Abstract
Background: Rare disease communities are spread around the globe and segmented by their condition. Little research has been
performed on the majority of rare diseases. Most patients who are affected by a rare disease have no research on their condition
because of a lack of knowledge due to absence of common groups in the research community.
Objective: We aimed to develop a safe and secure community of rare disease patients, without geographic or language barriers,
to promote research.
Methods: Cocreation design methodology was applied to build Share4Rare, with consultation and input through workshops
from a variety of stakeholders (patients, caregivers, clinicians, and researchers).
Results: The workshops allowed us to develop a layered version of the platform based on educating patients and caregivers
with publicly accessible information, a secure community for the patients and caregivers, and a research section with the purpose
of collecting patient information for analysis, which was the core and final value of the platform.
Conclusions: Rare disease research requires global collaboration in which patients and caregivers have key roles. Collective
intelligence methods implemented in digital platforms reduce geographic and language boundaries and involve patients in a
unique and universal project. Their contributions are essential to increase the amount of scientific knowledge that experts have
on rare diseases. Share4Rare has been designed as a global platform to facilitate the donation of clinical information to foster
research that matters to patients with rare conditions. The codesign methods with patients have been essential to create a
patient-centric design.
(JMIR Form Res 2021;5(3):e22695) doi:10.2196/22695
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Share4Rare; rare disease; citizen science; participatory medicine; natural history; genotype; phenotype
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Introduction
Rare diseases are characterized by their low prevalences, and
often, for being chronic, debilitating, or life-threatening
conditions [1]. Despite this, over 400 million people worldwide
are estimated to be affected by a rare disease [2]. In Europe, a
disease is defined as rare when it affects less than 1 in 2000
citizens, accounting for an estimated 30 million people in the
European Union [3]. Between 6000 and 8000 different rare
conditions have been identified to date [4].
Most rare diseases (80%) have a genetic origin, and between
50% and 75% have an onset at birth or during the first years of
life [5], with a wide variety of symptoms and signs that vary,
not only from disease to disease, but also from patient to patient.
Indeed, relatively common symptoms can hide underlying rare
diseases, leading to misdiagnosis. It is estimated that
approximately 25% of patients with a rare disease wait between
5 and 30 years to obtain a diagnosis (if they ever obtain one),
and it is estimated that, during that time, 40% receive an
incorrect diagnosis [6]. This heterogeneity in diseases and
symptoms, along with geographic dispersion, makes it more
difficult to access reliable information (if it exists) or to gather
a significant number of patients for research to better understand
the cause of each condition. It is also more difficult to describe
the natural history of the disease in order to facilitate patient
care and treatment. Furthermore, numerous countries do not
have mandatory registries of patients, making it almost
impossible to know the epidemiology of the diseases and the
incidence in their populations.
From a medical point of view, ultrarare diseases, also called
orphan diseases, often do not have any treatment options. This
leads to use of off-label drugs without scientific evidence for
73% of cases, and wasteful or harmful treatment may occur [7].
By providing professionals with information about frequency,
signs, symptoms, age of onset, and disease progression, potential
outcome measures can be identified for later therapeutic trials.
Once the variability and rate of progression of a specific
disease-related sign or symptom are known, the information
can be utilized as a control in the design of a clinical trial. The
natural history description of a disease helps clinicians with
early diagnosis and aids in the counseling of patients and
families.
The internet has increased public access to health information
and transformed patient behaviors. New services are offered in
the health field based on the power of the interconnection of
this network. For example, an overwhelming majority of parents
(89%) accessed the internet before meeting with genetic
providers at metabolic treatment centers [8]. Another interesting
statistic shows that 18% of users connected to others with their
disease through the internet [9]. However, few clinicians
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recommend websites to parents at the time of diagnosis as there
are no trusted sources of information available for rare disease
patients and caregivers or virtual meeting spaces.
Participatory health is a growing area, with individuals using
health social networks, crowdsourced studies [10], smartphone
health apps, and personal health records to organize their own
research studies through health collaboration communities
created especially for the purpose of self-experimentation and
the investigation of health-related concerns.
In this landscape, Share4Rare is a project supported by the
European Commission through the Horizon 2020 program
(GA780262). The project aims to (1) develop an online platform
to collect information about patients affected by rare diseases
in order to build a global community, (2) connect people and
patient organizations and communities, and (3) promote research
by collecting clinical information to describe the natural history
of rare diseases.
The aim of this paper is to describe the methodology that was
followed in the Share4Rare project to build a collaborative
social network with the 3 previous objectives—educate, connect,
and foster research based on the donation of medical information
from the users of the platform. To cocreate the platform, several
co-design sessions were organized with the main stakeholders:
patients, patient representatives, clinicians, and researchers.
Altogether, the methods and analysis of the sessions were used
to build our platform based on (1) including a patient-centered
perspective in the design and development of research projects
about rare diseases through clinical information donation, (2)
promoting a supportive collaborative social network to enhance
synergies between families so they can interact and improve
disease management, (3) connecting patients to their respective
patient organizations to grow and empower all rare disease
communities, (4) generating a sense of community to help
reduce the isolation of and stress levels in families living with
a rare disease and to improve their quality of life, and (5)
providing a virtual space for patients and caregivers to connect
and learn from each other as well as from health care
professionals.

Methods
Cocreation Process
As a participatory platform centered around the needs of patients
and caregivers affected by rare diseases, Share4Rare integrated
various stakeholders’ perspectives in the initial design of the
platform through a cocreation process. The adoption of
cocreation frameworks (Figure 1) aimed to ensure that end users
were able to directly influence how the platform would take
shape, and thus, facilitate their joint ownership of the end
product.
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Figure 1. The diagram illustrates the key steps in the cocreation process, highlighting our iterative approach to the design of the platform.

Stakeholders, whose input was critical to the delivery of a useful
platform and representing the target audience who could benefit
from the platform, were invited to participate. The target
audience included specific patients and patient groups along
with the caregivers of minors, as well as clinicians and
researchers. The inclusion criteria specified that participants
needed to be able to travel to the workshop locations or
participate via video or teleconference and be able to understand
English or Spanish.
The recruitment process began with creating user profiles for
approval by the organizations involved in the project. Then, an
invitation was created along with an engagement plan. The plan
was reviewed along with the target of users represented in
different workshops. The consortium of organizations involved
in the project reached out to our networks (other organizations
with which we collaborate) to suggest participants and to
organize all the practicalities and accessibility considerations
if any were needed.

Theoretical Framework
Theoretical frameworks were used to guide the design process.
The Human Centered Design approach by IDEO [11] was
adopted as a framework to guide the cocreation workshops
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(Figure 2). This approach aims to ensure an outcome that
balances meeting users’ desires, offering a viable business model
and technical feasibility.
It provides a dedicated space and facilitation for cocreation
activities while ensuring a balanced and diverse representation
of stakeholders. It is broken down into 3 phases: Inspiration,
Ideation, and Implementation:
The Inspiration phase is an information-gathering phase aimed
at understanding users. Observing users’ everyday lives and
challenges provides a deep understanding of their needs.
Research and analysis of other sources form a foundation to
build upon.
The Ideation phase assesses the observations gathered in the
Inspiration phase to identify possible solutions that fit with
business or project needs, user desires and technical feasibilities.
Prototypes are developed, shared then iterated based on the
feedback received.
Finally, the cocreated prototypes are built during the
Implementation phase; for Share4Rare, this refers to the
development of the platform. Again, an iterative process allowed
for multiple rounds of feedback.
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Figure 2. Human Centered Design model from [9].

Preworkshop Phase
Prior to the workshops, information was used within the initial
project proposal as the basis for a collaborative document
describing the personas of the expected primary users of the
platform and how these users might behave on the platform,
based on their individual needs.
To validate and improve this information, an online survey was
used to gather feedback initially from patient advocacy groups
closest to patients and caregivers, and later, from the rest of the
consortium. Members were asked to check, prioritize, and
complete the user personas, user scenarios, and feature types
identified. The outcomes from this first step helped us decide
the activities and group interview questions for Workshop 1.

Cocreation Workshops
The workshops were structured in a successive order following
the Human Centered Design approach [11]. Workshop 1, the
first cocreation workshop, focused on the Inspiration phase. It
aimed to understand the needs of patients, caregivers, and
clinicians to ensure that the platform was designed with their
needs in mind. Workshop 2, the second cocreation workshop,
focused on the Ideation and Implementation phases, validating
the initial conclusions drawn in Workshop 1. Workshop 3, the
third cocreation workshop, focused on testing the hypotheses
for the unique value proposition to enable us to confirm the
main features and direction the platform development should
take.
Patients and caregivers (sample size target: 10 to 12) were
included in each of the 3 cocreation workshops. We specifically
looked for patients without a diagnosis, newly diagnosed
patients, long-term care patients, and palliative care patients.
Caregivers attended the workshops on behalf of pediatric
patients. Patient advocates were involved in the selection of
participants, and we had more than 3 European countries
represented in every workshop.
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During these workshops, we employed a simplified Delphi
methodology [12], which helped build consensus while ensuring
all participants had an equal voice in decisions. Following the
Human Centered Design [11] ensured that all participants had
opportunities to contribute throughout the design process. This
allowed end users to directly influence how the platform would
take shape, ensuring joint ownership of the end product.

Results
Workshop 1: Methodology and Conclusions
The first session, with patients and caregivers, began with group
interviews. The group was divided into smaller, diverse groups
of caregivers and patients who, supported by a moderator, were
asked to answer a series of questions to understand their needs.
This provided key information on main hurdles and challenges
the possible users are facing in their day to day life, habits
regarding the usage of digital tools, and some generic
expectations from a platform similar to Share4Rare (Textbox
1).
The second session, with clinicians and researchers, also began
with group interviews. Participants were asked a series of
questions to understand their specific needs in the Share4Rare
community. The clinicians and researchers were then asked to
prioritize needs previously identified in the preworkshop phase.
In the second part of the patient and caregiver session, a game
helped us to prioritize user needs previously identified in the
preworkshop phase among the focus group. Each participant
was given an equal amount of false money and presented with
several boxes representing banks and labeled with a need type.
They were asked to distribute their money according to how
important they considered that need. At the end of the exercise,
the amount of money in each bank was counted. A group
discussion explored why each need was or was not chosen.
When prioritizing some proposed features, the patients and
caregivers clearly preferred having the ability to contribute to
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research, closely followed by connecting with similar people
to them, as well as finding information about the diseases (Table
1).
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The most needed features or feature types (Table 2) required
further development and prototyping to be tested with a wider
group of users.

The first iteration of the Share4Rare platform design and
interaction model was drafted after both sessions.
Textbox 1. Insights from Workshop 1 with different stakeholders.
Patients and caregivers
•

Almost all patients or caregivers use the internet to reach out to other people in the same situation

•

Patients or caregivers would like an easy way to interact; notifications are also important to keep them up to date

•

Everyone needs a space where they can find various levels of information on the disease; the language used needs to be appropriate

•

It would be interesting to have information about symptoms and what they could mean (there are a lot of patients without diagnoses)

•

There needs to be a space for open dialogue between patients and doctors

•

Parents/patients would like to have some kind of job board adapted to their needs

Clinicians and researchers
•

Ability to connect with similar experts in the field

•

An exercise to map global research projects in rare diseases and identify gaps would greatly help their work

•

The primary caregiver needs to be educated on rare diseases and how to refer patients to bigger diagnostic centers

•

Integration with European Reference Networks is essential

•

Collaborations with other institutions seem to be a main issue for the clinicians

•

Having access to the latest news in the field

•

Essential to have a section to help educate general public, patient associations, funders on the procedures of the research process, main needs,
etc

•

Tackle lack of funding in some way through the platform

Table 1. Features prioritized after Workshop 1.
Feature

Score

Contribute to research efforts

15

Connect with other people

10

Find information

6

Access latest news

5

Mental health support

4

Get support during the diagnostic journey

3

Connect with my doctor or medical facility

2

Read about other people like me

1
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Table 2. Summary of the most needed features or feature types identified following Workshop 1.
Feature

Needs

Level 1 (medical, open information)
Wiki space—easy to read medical information (easily grouped by
types of conditions, diseases, pediatric or not; information to be constantly kept up to date); important—information on genetic risk and
prevention measures

•
•
•
•
•

Dedicated section to diagnosis (here we can have a grouping on
symptoms as the patients suggested)

Same as above

List of specialized centers

•
•

Easy to read, in lay language
Easy to find relevant topics
Easy to add or modify by dedicated professionals (not by community)
Should link to external resources
Consider “verified” button or something indicating quality

An easy to navigate map
Should have a way to visualize simple details for each center

Level 2 (communities)
•
(Based on the content interaction model: patient/caregiver can decide •
on topics he/she is interested in)
•
Support groups on various topics

•
•
•

Direct messaging option

•
•

Maps with various specialists to help parents (mental health specialists, •
lawyers, social workers, etc)
•

A method to connect with expert clinicians

•
•

Very easy to quickly find relevant topics or discussions
Have tags or other system to label conversations with more than one
keyword to make them easier to search for
Browsing feature or conversation feed for those who do not have a
particular question but just want to see what is there
Easy to join a discussion
Quality of the conversation is important
Easy to navigate to direct messaging if they want to make the conversation private
Safe, private, easy to use
Easy to connect with the forum
An easy to navigate map
Ideally, we should have a “sign up to help” call to action for the
professionals mentioned above
Ability to view lists with vetted clinicians that could answer the needs
of the various users.
The platform should provide the first point of contact and should not
replace in-person clinical assessments

Level 3 (medical data)
Search engine (transversal) for clinical trials, drugs, therapeutic
methods

Workshop 2: Methodology and Conclusions
The workshop began with a gallery walk exercise in which
participants were presented a gallery of Share4Rare platform
screenshots and features. They were then invited to ask questions
and give their first impressions and feedback. A guided
presentation of the Share4Rare platform prototype followed
with a group discussion on each aspect was presented. Targeted
questions explored the points raised by participants during the
gallery walk in greater depth.
The group gave feedback on various specific features proposed
by the information technology partner. For the storytelling
feature, participants prioritized the idea of filtering stories by
disease type and role, as well as the ability to add links to owned
materials & resources. A key question that was raised was “how
are children protected on the platform?” Parents could be happy
to share lots of information, but as their child grows, they might
be less happy having the information visible.

https://formative.jmir.org/2021/3/e22695

XSL• FO
RenderX

•

Intuitive way to search for various subjects (new/ongoing clinical
trials, disease based, etc)

Regarding the question and answer feature, participants
discussed how users should be listed in relation to others (based
on interest, active topics, etc), as well as the ability to add or
remove topics of interest. For the participants, it was important
to note how we would manage the answers since some patients
or caregivers may give answers as if they were doctors or experts
that could be inaccurate or misleading. In smaller communities
(such as Facebook groups), administrators step in and manage
the situation. The participants also decided that only patients
and caregivers should be allowed in the forum. Suggestions for
content were also made, especially around the quality of life
topic and language concerning children.
Additional conclusions from the group further helped guide
platform design. For example, the group was against a popularity
ranking in the platform and raised various questions around
privacy, especially when it came to the option of navigating as
an anonymous avatar (since the topics of interest can still serve
as an identifier).
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The undiagnosed group raised the point that it can be difficult
to know where to start when navigating the platform. Users also
required the ability to use filters or navigate based on disease
types and symptoms and to implement the ranking of topics or
content pieces based on an algorithm that takes into account
topics the user has mentioned they might be interested in and
navigation habits.
After the conclusion of the second cocreation workshop,
participants felt that the unique value proposition of the platform
was not strong enough and that there was a risk that Share4Rare
would not succeed in attracting enough users.
As a result, participants decided to modify the methodology for
the third workshop. The platform design was revised to articulate
the platform features and unique value proposition more clearly.

Workshop 3: Methodology and Conclusions
The final cocreation workshop focused on the unique values of
the Share4Rare platform and the specific feature needs of
patients and caregivers. Participants were asked about their
perceptions, opinions, beliefs, and attitudes regarding the
Share4Rare platform prototype. A full day of interviews,
role-playing creativity games, and design challenges helped to
determine the subsequent development steps: (1) Welcoming
activities introduced participants and facilitators. (2) Participants
interacted with and tested the prototype Share4Rare platform,
allowing us to identify areas for revision and validate its unique
selling point. (3) Predetermined questions were asked to
encourage participants to share their opinions and ideas as well
as listen to and engage with the opinions and ideas of others in
a small and safe group setting. (4) A cocreation activity, in
which participants built their own version of the Share4Rare
platform, brought participants into the design process by rapidly
prototyping their own solutions to the problems. (5) Clinicians
and researchers received targeted surveys aimed at validating
the platform’s development and unique value proposition.
The workshop provided some key information that helped
prioritize key aspects—from feature creation to the value
proposition and event content creation.
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We realized that it was important to deliver the right information
at the right time to the user, as a patient or caregiver may not
feel comfortable getting in contact with people or receiving
information from a later stage of the disease. That is why the
key aspect was the ability to find other people with similar
problems, someone to talk to or to help them understand the
condition and procedures. Users wanted to know about the cause
and the progression of the disease when there is no treatment.
Each disease is different; therefore, they would like to see
specific filters for each disease and other filters such as age or
level of clinical understanding. Anonymous navigation—the
ability to “watch from a distance”—was mentioned many times.
The future users mentioned many times that they need to know
what is located close to them in terms of facilities and expertise
(keeping in mind that there are different types of experts, such
as patient experts). We also understood from the discussions
that we would need different levels of access to allow the users
decide how much they share and how much they interact with
other people. Content-wise, patients and caregivers mentioned
the need to discuss comorbidities, mental health, physical
therapy, palliative care, and other general topics.
The patients and caregivers were given a survey and asked to
prioritize various content topics and subtopics previously agreed
upon by the consortium. Keeping in mind that this type of
feedback is usually biased as users prioritize according to their
needs, we reorganized the topic and subtopics to reflect
prioritization (Textbox 2).
The participants also had the opportunity to add topics that they
believed were missing, which included symptom control;
database with various specialists (neurology, orthopedics,
cardiology, respiratory); standards of care; advocacy; legal
issues in trials; end-of-life care—advanced care planning
(resuscitations, wills, funeral planning), power of attorney, and
capacity; independent living, equipment, and professional
caregivers; complementary nutrition (eg, supplements);
disability models; and existing tools (for example, integration
with Orphanet, European Reference Networks, and local tools).
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Textbox 2. Topic prioritization.
1. Understand your disease
•

Find your rare disease

•

Reference centers

•

Rare diseases in facts

•

Undiagnosed diseases

•

Genetic counseling

•

Genetics

•

Basic research

2. Treatments
•

Clinical trials

•

Medicines

•

Psychology

•

Physiotherapy

•

Orthopedics

•

Nutrition

•

Palliative care

•

Speech therapy

3. Quality of life
•

Emotional support

•

Education

•

Patient associations

•

Caregivers

•

Accessibility and disability issues

•

Leisure and sport

4. Legal issues
•

Grants and subsidies

•

Ethics

•

Regulations

Cocreation Beyond the Workshops
The workshops provided significant and meaningful insights
into the needs and requirements of the users, but further
collaborative work was needed with the consortium. First, to
advance the discussions around the unique value proposition
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of the platform, and second, to prioritize the extensive feature
list which came out of the user cocreation activities.
Consortium members identified and ranked the primary value
propositions of the platform in an online survey based on the
outcomes of the previous cocreation activities (Textbox 3). A
decision-making matrix assisted the consortium in debating the
platform’s final development plan (Table 3).
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Textbox 3. Value proposition survey results, answering the question “how will we distinguish ourselves from other solutions so people actually use
Share4Rare?”
Unique value proposition
1.

One network showing the 360-degree picture, not just the medical perspective

2.

Get targeted, quality information faster and using fresh, innovative delivery from peers and/or expert people

3.

Capture common pathways/experiences to gain time and better management of disease

4.

Give an active role to patient organizations to support their members

5.

Unique connection point between patients and health care professionals

6.

Provide practical support to health care professionals across rare diseases, including access to medical information generated by expert doctors
and updated with real data from patients.

7.

Easier for patients and caregivers to access or request information that can allow a second opinion

Table 3. Top features and feature types—which features will make the unique value proposition a reality?
Rank

Feature type

Top ranked features (top 50% within each type)

1

Connect patients, caregivers and clinicians through data

1. Donate clinical data to facilitate the generation of new and qualified
knowledge about the disease
2. Check information that can facilitate the access to a second opinion
using clinical data

2

Providing education and support

1. Content reviewed by an editorial board/ volunteering community management team will receive a “trusted source” stamp. All other content will
still appear in the platform but with a quality warning (eg, “This information has not been verified yet”)
2. Filter the search per disease type
3. Access medical chapters—books with relevant information about diseases
4. Search engine across all content types (medical information, forums,
questions, etc)
5. Upload information and materials on diseases
6. Search for a symptom
7. Filter by language
8. Filter per disease stage (certain diseases only)

3

Find a mentor who can support the experience with the disease 1. Find a local disease ambassador, patient advocate or mentor
2. Ask for specific information that can worry them and that can be provided or curated by the mentor
3. Mentors have a dashboard to easily manage mentorship tasks

4

Community support

1. Forum feature
2. Private forums, only accessible by invitation
3. User can follow tags and forum threads, appearing on the user’s dashboard
4. Allow users to contact through private messaging inside the platform

5

Resources for disease management & support

1. Navigate a world map & find health care facilities (diagnostic centers,
treatment centers, etc)
2. Navigate a world map to find various experts. Expertise filters would
help navigate the map
3. Find other users by using profile filters (caregiver, patient, doctors...),
interest or geographic filters

6

Interaction with a health care professional

1. Health care professionals will be able to share their expertise with other
clinicians that can have patients from the two pilot groups of conditions
2. Health care professionals will be able to sign up in the platform and
volunteer to support the rare disease community
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Discussion
Analysis of the Co-design Findings
After these analyses and cocreation workshops were completed,
a proposal of the platform was developed: (1) Education layer:
Existing curated content will be linked to the platform. At the
same time, for diseases where a minimum of information is not
fully covered, new curated material will be developed in order
to reach all of the diseases included in the pilot of the project.
(2) Share layer: A sense of community will be created by a
network of interactions that will allow patients to connect to
peers or clinicians based on the answers they give through
different questionnaires. These data will be collected, analyzed
through machine learning methods and the network around the
user will be updated daily, allowing him or her to adjust and
find the correct person to contact in each case. (3) Research
layer: This is the gold value of the platform. Data donation will

Radu et al
be accomplished through several questionnaires. In the case of
adult patients or relatives (legal guardians) of a pediatric patient
in the pilot disease areas, the number of questionnaires will be
aligned with the complexity of the disorder.
All of this information was connected and a smooth design has
been created in order to facilitate the navigation of users through
the platform and encourage them to return.

Education Layer
The education layer will be a source of medical content for
patients and caregivers within the rare disease community.
During the platform development period, the platform will pilot
over 3 groups of diseases (pediatric rare tumors, neuromuscular
diseases, and undiagnosed patients), content for some of these
diseases will be presented in the platform and offered to users.
This material, as well as blogs and toolkits, will be publicly
available (Figure 3).

Figure 3. Screenshot showing some of the public medical materials available on Share4Rare.

Reciprocity and Digital Karma
The basic functions of the community and research layers are
based on the principles of reciprocity and digital karma, whose
goals are to promote active and voluntary participation on the
part of the users and to reward them for it.
The principle of reciprocity governs the relationship between
each user and the rest of the platform and is bidirectional. In
one direction, all contributions will always entail a reward (for
instance, if a user completes a questionnaire, the user will gain
access to enriched information related to it). In the reverse
direction, to gain a benefit from the platform it is necessary to
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actively contribute to it (for instance, researchers who wants to
register a questionnaire for their research must commit to being
available to communicate actively with the rest of the users).
The principle of digital karma governs the profile of each user
and their level of access to the functionalities that the platform
implements. Essentially, the profile of each of the users of the
platform is determined by their actions within Share4Rare: a
user who contributes more information or who is more active
in the community will see that this behavior is reflected on their
profile and will be able to benefit from more functionalities.
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The Core of the Research Layer: Questionnaires
Medical and psychosocial questionnaires are central to
Share4Rare. It is through them that the project will gather data,
ensure the engagement of users and, most importantly, be able
to generate new knowledge about rare diseases. The
questionnaires will be designed by clinicians and other experts
with expertise in the diseases covered by Share4Rare and will
be web-based (on the platform). A subset of the answers given
will be analyzed using statistical methods in an external server
with the help of tools developed by a team of data scientists.
It is extremely important to obtain accurate and reliable
information. Because of this, questionnaires use validation
mechanisms for what is required, allowed values, minimum or
maximum values and allowed formats for each question. Some
of the questionnaires will be specific to a disease, while others
may be applicable to several diseases or related to specific
symptomatology.
Questionnaires will be provided to users (either patients or
caregivers) progressively, so they can have control over which
information they are sharing at every step and can decide
whether to share it or not. As users advance through the
questionnaires, they will have increasing feedback from the
platform: (1) Each completed questionnaire will allow access
to up-to-date comparative information about the answers that
the rest of the community has given to the questionnaire and
other topics related to it. (2) Each completed questionnaire will
disclose more functionalities for the user (for instance, by giving
them access to ask questions to the community or to open private
messages with other users), and (3)The relevant data from each
questionnaire will be incorporated to the user’s profile, which
will increase their karma level and will allow the platform to
better characterize the user in order to be able to present
information of greater relevance.
All tools that the platform uses to collect data from the users
(eg, registration forms, medical questionnaires, etc) included
in the private environment of the platform require access using
a user and password. The overall data collection and custody
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process of the platform is described in the Data management
plan, a mandatory document in all Horizon 2020 European
projects that is based the General Data Protection Regulation
(mandatory and common across all European countries).
The Share4Rare platform and every pilot research project that
will be performed until the end of the European Commission
Grant have the approval of the Ethics Committee of Sant Joan
de Déu Research Foundation. It is mandatory for all users of
the platform to sign the informed consent document that
regulates the use of clinical data and medical information for
research purposes. If any use of these data occur in the future,
the platform will ask for the re-consent of users that will be
affected by this new use. Every year an external audit will be
performed to oversee the use, gathering, and security of the data
in Share4Rare.

Conclusions
1. The platform aims to gather meaningful data from the patients
who participate. Once duly treated and stored to guarantee
patient anonymity and to ensure its statistical and clinical
validity, said data will become part of a highly valuable
repository that will be available for scientists and researchers
conducting investigations in the field of rare diseases.
2. Share4Rare will develop a procedural framework that includes
a set of validated tools that will allow researchers to gather
much-needed data in a standardized manner, preserving its
structural integrity, allowing for cross-comparison and
cross-reference between studies and promoting the engagement
of patients.
In parallel, the solutions that Share4Rare has devised to
implement these 2 goals in the platform will allow clinicians
and researchers to create a patient registry and will allow
patients to be part of a community that makes it easier to connect
with other people in their situation. At the same time, the
platform will supply its participants with dynamic
state-of-the-art content about the conditions, research being
conducted, and other topics of interest to encourage active user
involvement.
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Abstract
Background: The impact of COVID-19 has been felt worldwide, yet we are still unsure about its full impact. One of the gaps
in our current knowledge relates to the long-term mental and physical impact of the infection on affected individuals. The
COVID-19 pandemic hit the Netherlands at the end of February 2020, resulting in over 900,000 people testing positive for the
virus, over 24,000 hospitalizations, and over 13,000 deaths by the end of January 2021. Although many patients recover from
the acute phase of the disease, experience with other virus outbreaks has raised concerns regarding possible late sequelae of the
infection.
Objective: This study aims to develop an online tool to assess the long-term burden of COVID-19 in patients.
Methods: In this paper, we describe the process of development, assessment, programming, implementation, and use of this
new tool: the assessment of burden of COVID-19 (ABCoV) tool. This new tool is based on the well-validated assessment of
burden of chronic obstructive pulmonary disease tool.
Results: As of January 2021, the new ABCoV tool has been used in an online patient platform by more than 2100 self-registered
patients and another 400 patients in a hospital setting, resulting in over 2500 patients. These patients have submitted the ABCoV
questionnaire 3926 times. Among the self-registered patients who agreed to have their data analyzed (n=1898), the number of
females was high (n=1153, 60.7%), many were medically diagnosed with COVID-19 (n=892, 47.0%), and many were relatively
young with only 7.4% (n=141) being older than 60 years. Of all patients that actually used the tool (n=1517), almost one-quarter
(n=356, 23.5%) used the tool twice, and only a small group (n=76, 5.0%) used the tool 6 times.
Conclusions: This new ABCoV tool has been broadly and repeatedly used, and may provide insight into the perceived burden
of disease, provide direction for personalized aftercare for people post COVID-19, and help us to be prepared for possible future
recurrences.
(JMIR Form Res 2021;5(3):e22603) doi:10.2196/22603
KEYWORDS
COVID-19; patient-reported outcomes; ABCoV tool; monitoring; patient outcome; long-term impact; tool; assessment; online
patient platform
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Introduction
The COVID-19 pandemic caused by the new coronavirus
SARS-CoV-2 swept through the Netherlands from the end of
February 2020 and caused over 24,000 hospitalizations and
over 13,000 deaths by the end of January 2021 [1]. Although
many recovered from the acute infection, damage to the
lungparenchyma (portion of the lungs involved in gas exchange)
was observed in computed tomography scans of patients who
were hospitalized [2], with a subsequent risk of long-term lung
damage. Experiences with other coronaviruses also raised a
serious concern for long-term sequelae. As an example, the Q
fever epidemic, which had 4026 cases (in the period 2007-2010)
[3], had an extensive aftermath: 20% of patients with acute
symptoms subsequently experienced fatigue long after the initial
infection was resolved [3]. Adequate follow-up of patients with
COVID-19 may reduce the long-term consequences by means
of early detection and symptom management.
Monitoring patients who have had a COVID-19 infection is
therefore pivotal. In early March 2020, the Lung Foundation
Netherlands (a Dutch patient advocacy group) became aware
of the need for a better understanding of COVID-19 in the public
[4,5]. During the peak of the pandemic (first wave), there was
only a limited number of tests for COVID-19 in the Netherlands.
Hence, there was a rapid growing requirement for information
in those that experienced COVID-19 symptoms but were never
tested or medically diagnosed.
The Lung Foundation Netherlands offers a help desk and an
online forum for the public for all lung-related questions [6].
In the beginning of the pandemic, Lung Foundation Netherlands
was confronted with all kinds of concerns and questions related
to COVID-19. To handle these concerns, Lung Foundation
Netherlands decided on a structured approach. Since Lung
Foundation Netherlands is involved in scientific research [7],
it was a logical decision to exploit patient-reported outcome
measurements (PROMs) for a better understanding of the
symptoms and long-term impacts of COVID-19. However, no
tools to report on symptoms and long-term effects of COVID-19
were available yet. On the other hand, PROMs to assess the
patient-experienced burden of disease do exist for other chronic
conditions. Therefore, we decided upon the development of a
COVID-19–oriented tool.

Methods
Team

van Noort et al
Lung Foundation Netherlands, the CEO of the Dutch Lung
Alliance, experts from the Care and Public Health Research
Institute (CAPHRI), pulmonologists from a training hospital
(Franciscus Gasthuis and Vlietland) and an academic hospital
(Erasmus MC), and the CEO of an eHealth company (Curavista).
Because patients infected by COVID-19 are primarily at risk
of developing lung damage, the selection of potential tools was
narrowed down to tools assessing pulmonary symptoms. It was
also considered best to adapt an existing, validated, and
well-known tool to be launched as quickly as possible.

The Assessment of Burden of Chronic Obstructive
Pulmonary Disease Tool
The assessment of burden of chronic obstructive pulmonary
disease (ABC) tool, used in the monitoring and care for people
with chronic obstructive pulmonary disease (COPD) [8-10],
was selected as the best-suited tool. The ABC tool was preferred
over other tools such as the COPD assessment tool or the COPD
control questionnaire for four reasons. First, in the management
of chronic conditions such as COPD, there is a paradigm shift
from doctor-driven care to patient-centered integrated care with
active involvement of and self-management by the patient. The
original ABC tool was designed to be used in this transition of
facilitating self-management support and shared decision
making. As such, it considers symptoms and lifestyle. Second,
the ABC tool offers a strong graphical visualization (the status
per symptom being scored in colored balloons). The balloons
are easy to understand, enhancing the long-term patient
participation necessary to collect individual long-term data.
Third, the ABC tool had previously been adapted for other
conditions such as asthma, diabetes, and heart failure [11].
Finally, the tool is already widely used in the Netherlands by
both general practitioners (GPs) and hospital specialists in
monitoring patients with COPD, and the tool is integrated in
the guidelines for regular GP care of patients with COPD [12].
The ABC tool, developed in 2014, measures the integrated
health status of an individual patient with COPD [9]. The
self-administered questionnaire consists of 14 statements that
evaluate the burden of COPD experienced by patients in five
domains (symptoms, functional state, mental state, emotions,
and fatigue) and with some objective parameters. An algorithmic
computer program visualizes outcomes and provides treatment
advice and an index score for future health care costs [10]. Each
domain is visualized using balloons: a high green balloon
indicates a good score on a particular item, while a low red
balloon indicates difficulties on that item (Figure 1).

A team of leading medical, technical, and process experts was
formed, consisting of the chief executive officer (CEO) of the
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Figure 1. Visualization of the assessment of burden of chronic obstructive pulmonary disease tool.

The previous score appears as a gray balloon and indicates
improvement or deterioration. The ABC tool has been validated
and proven to be effective and reliable for people with COPD,
is proven to be effective in improving quality of life, is perceived
as easy to use by both health care providers and patients [8],
and is adaptable for other chronic conditions [8-13].
To adjust the ABC tool for use in post–COVID-19 cases, a
focused literature search was performed in early April 2020 by
the CAPHRI Institute of Maastricht University. This search
covered symptoms, complaints, and burden of disease in cases
of COVID-19 reported earlier and in reports of the previous
coronavirus outbreaks of severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS).
The most prominent long-term effects of SARS and MERS are
chronic fatigue and lung fibrosis, resulting in shortness of breath,
dry cough, and decreased physical and mental health [14-19].
Patients with COVID-19 show similar symptoms as well as
fever, headache, and chest pain [20-23]. The ABC tool includes
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all of those symptoms. The aforementioned nonpulmonary
symptoms were added to the new tool.
Some patients (29%) with COVID-19 are admitted to the
intensive care unit due to acute respiratory distress syndrome
(ARDS) [22]. Quite often these patients show signs of a
restrictive lung disease (25%) and, in fewer cases (4.5%),
obstructive lung disease [21]. The ABC tool includes the most
important symptoms of obstructive and restrictive lung disease
(Table 1). Furthermore, ARDS can lead to decreased physical
and mental health, decreased attention and concentration, and
muscle weakness [24]. This warranted the inclusion of
symptoms related to postintensive care syndrome and ARDS
[24,25]. Physical and mental health are addressed in the ABC
tool, but decreased attention and concentration and muscle
weakness are not. Since only a subgroup of patients developed
ARDS, the expert group considered these three additional
symptoms out of scope, and these items were not integrated in
the assessment of burden of COVID-19 (ABCoV) tool.
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Table 1. Modification of symptoms from the ABC tool to the ABCoV tool.

a

Symptoms

ABCa tool

ABCoVb tool

Smoking

Included

Included

Exacerbation

Included

Excluded

Shortness of breath

Included

Included

BMI

Included

Included

FEV1c

Included

Included

Physical exercise

Included

Included

Physical well-being: walking, stairs, dishwashing

Included

Included

Symptoms like cough or phlegm production

Included

Included

Mental health due to lung problems

Included

Included

Fatigue

Included

Included

Social well-being, engagement in social activities

Included

Included

Chest pain

—d

Added

Dizziness

—

Added

Headache

—

Added

PTSDe screening

—

Added

Open text

—

Added

ABC: assessment of burden of chronic obstructive pulmonary disease.

b

ABCoV: assessment of burden of COVID-19.

c

FEV1: forced expiratory volume in the first second of expiration.

d

Item was not in the original ABC tool.

e

PTSD: posttraumatic stress disorder.

To gain an understanding of the impact of COVID-19 on mental
health [24], an additional screening question was added to
determine whether patients had traumatic experiences related
to COVID-19 infection. If indicated so, the first five questions
from the Global Psychotrauma Screen (GPS) [26] are presented
to evaluate the risk of developing posttraumatic stress disorder.
If not, all questions from the GPS are left out.
Because of the limited information on the long-term sequelae
of COVID-19 at that time, it was decided to be overly inclusive.
Therefore, only one item (exacerbation) from the original ABC
tool for COPD was excluded, as it was not described at all in
the literature on COVID-19 at the time of development. The
lifestyle items were included as well because lifestyle seemed
to be an important risk factor for hospitalization [27] and in
influencing outcomes [28]. We included all items from the
literature search and additionally offered an open text field for
all other possible symptoms. This offers the best possibility to
get better insight in the incidence of the different symptoms in
a new disease like COVID-19. A full overview of the original
ABC tool and new ABCoV tool is presented in Table 1.
Multimedia Appendix 1 shows the questionnaire, known as the
ABCoV tool, that is currently in use.

of each balloon is determined by the answers to questions.
Answers that point toward no burden of disease generate
high-floating green balloons, and answers that point toward
heavy burden of disease generate a red balloon down to the
ground. Orange, yellow, and light green balloons represent
intermediate answers to burden of disease. The original
algorithm for COPD was unaltered for every item except BMI;
optimal BMI ranges differentiate for people with COPD from
that of the general population. For the ABCoV tool, the optimal
BMI range of the general population was used (<18.5
underweight, 18.5-25 normal weight, 25-30 overweight, >35
obese). A 7-point Likert scale was used for all items in the
ABCoV tool other than risk factors. Newly included questions
in the ABCoV tool are scored on a visual analog scale ranging
from 0 to 10. The ABC tool generates treatment
recommendations and an index score assigning the overall
burden to one of three categories: low, medium, or high. More
research is needed to implement both of these in the ABCoV
tool, so they have been omitted for now. The expert group
decided not to impose a specific frequency of use or time
window since the use of the ABCoV tool is patient-driven.
Patients can fill out the ABCoV tool once a day, and there are
no reminders.

Algorithm
Patient responses to the ABCoV tool are translated into balloons
with a certain height and color (Figure 2). The height and color
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Figure 2. Visualization of the ABCoV tool. ABCoV: assessment of burden of COVID-19; FEV1: forced expiratory volume in the first second of
expiration.

Online eHealth Platform
The expert group chose to roll out the tool using the
Curavista.health platform, a certified modular platform
(NEN7510, ISO27001, CE class I MDD, Health Insurance
Portability and Accountability Act compliant), which has the
ABC tool already in place and is used by patients, GP practices,
and hospitals. The platform is available in six languages, and
other languages are being implemented. As such, the tool is
scalable.
The ABCoV tool was incorporated, the algorithm validated and
tested, and its content cleared by the CAPHRI institute. The
preproduction environment was tested by 3 patients. They
suggested to add an explanation that describes the purpose of
the ABCoV tool and why this was adopted.

Enrollment
During the first months of the pandemic, only limited testing
was available for COVID-19 in the Netherlands. The Lung
Foundation Netherlands received many questions from people
who experienced COVID-19 symptoms, with or without having
been tested or medically diagnosed [4]. Both may benefit from
the ABCoV tool to monitor their progression and to get tested
if their symptoms worsen or do not subside. Therefore, it was
https://formative.jmir.org/2021/3/e22603
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decided to enable registration for everyone for the tool and
self-monitoring via the website Coronalungsquare [29].
Registered persons can invite their physician to join them online.
A medical route is also available by which doctors can invite
their patients to join and monitor their post–COVID-19
experience using the ABCoV tool online.

Results
The ABCoV tool was launched on May 7, 2020. A total of 2162
people (each identified by a unique email address) had
downloaded the app and self-registered by January 20, 2021.
A total of 1898 (87.8%) people gave permission to analyze their
data. The majority of participants were female and between
18-60 years of age (Table 2). A subtotal of 1690 (78.1%) people
submitted the first screening questions on how and when they
were diagnosed with COVID-19. A total of 892 (47.0%) people
responded that the diagnosis was medically confirmed either
by testing (n=628) or by a medical doctor without testing
(n=262). Only 2 people could not recollect how they were
diagnosed. A total of 472 people did not answer this question
(Table 2). Additionally, 456 patients, diagnosed by
pulmonologists at a large teaching hospital (Franciscus Gasthuis
and Vlietland) or at one of three academic hospitals (Erasmus
JMIR Form Res 2021 | vol. 5 | iss. 3 | e22603 | p.356
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Medical Center, Leiden University Medical Center, or
Amsterdam University Medical Center), were enrolled for the
use of the ABCoV tool, and more GPs and hospitals will do so
in the coming months.

Participants can log in with their personal account and submit
the ABCoV tool again. Participants do not receive reminders.
The majority of the participants submitted the questionnaire
once. After submitting the ABCoV 19 tool once, 23.5%
(356/1517) of participants submitted the ABCoV tool again
(see Table 3).

Table 2. Profile of registered users (self-registration).
Demographics

Registered users (N=2162), n (%)

Permission to analyze data

1898 (87.8)

a

Gender

Male

364 (19.2)

Female

1153 (60.7)

No answer

381 (20.1)

Age group (years)a
<18

5 (0.3)

18-40

358 (18.9)

41-60

507 (26.7)

61-80

141 (7.4)

>80

1 (0.0)

Unknown

886 (46.7)
a

Medical diagnosis?
Yes

892 (47.0)

No

534 (28.1)

No answer

472 (24.9)

If yes, how were you diagnosed?b

a

By test

628 (70.4)

By doctor

262 (294)

Unknown

2 (0.2)

Percentages are based off those who consented (n=1898).

b

Percentages are based off those who were medically diagnosed (n=892).

Table 3. Number of individual submissions in the assessment of burden of COVID-19 tool.
Number of times submitted

Individuals (n=1517), n (%)

One time

1517 (100)

Two times

356 (23.5)

Three times

206 (13.6)

Four times

134 (8.8)

Five times

98 (6.5)

Six times

76 (5.0)

Seven times

57 (3.8)

Other

441 (29.1)

Discussion
The ABCoV tool was created by an expert team to monitor
patients with a (suspected) COVID-19 infection. This tool may
https://formative.jmir.org/2021/3/e22603
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detect problems with patients’ physical and psychological health,
their social life, and their lifestyle risk factors at an early stage.
The tool can be used to study the long-term patient-experienced
burden of COVID-19 and provide the insights needed to drive
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optimal treatment. Obviously, this approach has its limitations.
People may not always be aware of a COVID-19 symptom or
differentiate it from other causes. This bias can potentially be
reduced substantially by asking participants how and when they
were diagnosed with COVID-19, by including a large number
of participants, and by asking them to submit the ABCoV tool
multiple times. We tried to address all possible items; all items
from the original ABC tool, except one (exacerbations), were
included. We added all other items mentioned in the literature
plus an open text field for unforeseen symptoms. The next step
is to evaluate the ABCoV tool’s validity, practical use, and user

van Noort et al
experience. Frequent feedback from patients and health care
providers is needed to ensure its optimization.
Finally, the purpose of the ABCoV tool is to support patients
with COVID-19. In its present presentation, it is a preliminary
tool to be validated and evaluated in the future. Better
understanding of COVID-19 symptoms obtained by these
longitudinal patient-reported outcomes may enable more insights
into the long-term impact and disease burden after an infection
with COVID-19 and provide tailored health care in a digital
patient-centered environment.
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Abstract
Background: Neurocognitive disorders are often accompanied by behavioral symptoms such as anxiety, depression, and/or
apathy. These symptoms can occur very early in the disease progression and are often difficult to detect and quantify in
nonspecialized clinical settings.
Objective: We focus in this study on apathy, one of the most common and debilitating neuropsychiatric symptoms in
neurocognitive disorders. Specifically, we investigated whether facial expressivity extracted through computer vision software
correlates with the severity of apathy symptoms in elderly subjects with neurocognitive disorders.
Methods: A total of 63 subjects (38 females and 25 males) with neurocognitive disorder participated in the study. Apathy was
assessed using the Apathy Inventory (AI), a scale comprising 3 domains of apathy: loss of interest, loss of initiation, and emotional
blunting. The higher the scale score, the more severe the apathy symptoms. Participants were asked to recall a positive and a
negative event of their life, while their voice and face were recorded using a tablet device. Action units (AUs), which are basic
facial movements, were extracted using OpenFace 2.0. A total of 17 AUs (intensity and presence) for each frame of the video
were extracted in both positive and negative storytelling. Average intensity and frequency of AU activation were calculated for
each participant in each video. Partial correlations (controlling for the level of depression and cognitive impairment) were
performed between these indexes and AI subscales.
Results: Results showed that AU intensity and frequency were negatively correlated with apathy scale scores, in particular with
the emotional blunting component. The more severe the apathy symptoms, the less expressivity in specific emotional and
nonemotional AUs was displayed from participants while recalling an emotional event. Different AUs showed significant
correlations depending on the sex of the participant and the task’s valence (positive vs negative story), suggesting the importance
of assessing male and female participants independently.
Conclusions: Our study suggests the interest of employing computer vision-based facial analysis to quantify facial expressivity
and assess the severity of apathy symptoms in subjects with neurocognitive disorders. This may represent a useful tool for a
preliminary apathy assessment in nonspecialized settings and could be used to complement classical clinical scales. Future studies
including larger samples should confirm the clinical relevance of this kind of instrument.
(JMIR Form Res 2021;5(3):e24727) doi:10.2196/24727
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Introduction
Apathy is one of the most common neuropsychiatric symptoms
in neurocognitive disorders (NCDs) such as Alzheimer disease,
Parkinson disease, Huntington disease, and vascular dementia
and is prevalent in several psychiatric pathologies such as
schizophrenia and major depression [1]. It can be defined as a
reduction in goal-directed behavior that persists over time
causing impairment in global functioning. Three dimensions of
apathy have been identified, including loss/reduction in
goal-directed behavior and goal-directed cognitive activity (eg,
reduced interests and reduced indoor and outdoor activities),
emotions (eg, emotional blunting), and social interactions (eg,
reduced interactions with family members and friends) [2].
Apathy is a debilitating symptom: it significantly decreases the
quality of life of patients with NCD and their caregivers and
increases the risk for institutionalization in outpatients [3] and
mortality for nursing home residents (even after controlling for
depression) [4]. Apathy has also been associated with faster
cognitive and functional decline [5,6]. A recent study suggested
that apathy significantly increases the risk of developing
dementia, resulting in a loss of autonomy in activities of daily
living [7]. As apathetic persons interact less with their
surroundings, show less interests in their family and in leisure
activities, they are significantly less stimulated, which may
increase the progression of NCD. Critically, preliminary
evidence suggests that interventions targeting apathy in people
with mild cognitive impairment (through repetitive transcranial
magnetic stimulation) may be effective in improving global
cognitive functioning [8], thus suggesting that identifying apathy
early in disease progression and putting in place early treatment
options could offer new opportunities for dementia prevention
[9].
Currently, apathy is assessed by using various clinical scales
or questionnaires (including self-reports and scales completed
by caregivers and/or the clinician; see Radakovic et al [10] for
a review), which allow for quantification of apathy symptoms
over continuous scales. Furthermore, apathy can be assessed
using the Apathy Diagnostic Criteria (ADC), which allow for
classification of patients as apathetic versus nonapathetic based
on the observed symptomatology [2]. All these instruments
suffer from the risk of bias resulting from the assessor’s
subjectivity [11]. For instance, self-report clinical scales rely
on the patient’s ability to recall a change in their activities,
interests, or emotional reactivity, which might be difficult
considering that this requires preserved memory and insight to
some extent. Similarly, the clinician may have access only to
limited information concerning the patient’s changes in everyday
activities, thus resulting in underestimation of apathy [11].
Another obstacle that can emerge is that apathy can often be
misdiagnosed as depression because of frequent comorbidities

https://formative.jmir.org/2021/3/e24727

XSL• FO
RenderX

such as fatigue and anhedonia and a considerable overlap in
key symptoms such as diminished interest, psychomotor
retardation, or social withdrawal [12-14]. However, apathy and
depression can be dissociated based on emotional deficits.
Indeed, the emotion dimension in apathy can be described as a
blunted affect whereas depression is characterized by the
presence of negative emotions and sadness. Early differential
diagnosis is of great importance since treating apathy with
antidepressants can lead to aggravation of symptoms [2,11].
Therefore, there is an urgent need to detect apathy more
objectively at early stages using objective, noninvasive methods
to provide timely treatment and prevent it from aggravating
cognitive symptoms. There is today a growing interest in finding
new sensitive measures to detect behavioral aspects of dementia
as they may represent a heavier burden for caregivers than the
cognitive dysfunctions themselves [15,16].
New information and communication technologies can provide
objective and more sensitive measures of human behaviors and
have been recommended for neurocognitive disorders and apathy
[17,18]. The behavioral correlates of apathy have been
investigated through oculomotor movement using eye tracking
[19], global activity or sleep disturbances using accelerometers
[20,21], voice features [22,23], and facial expressivity [24-26].
The additional value of combining multimodal measures has
been demonstrated before in depression by merging audio
features with facial activity [27-29]. Associating these new
markers with other recent methods such as ecological
momentary assessment [30,31], which allows patients to report
on symptoms remotely, could represent the future of more
naturalistic psychiatric evaluations. These techniques allow the
tracking of changes in mood and cognition continuously leading
to timely prevention of further decline.
Today, facial expressivity, which may be altered in apathetic
subjects, can be measured automatically by means of computer
vision-based facial analysis methods. The Facial Action Coding
System allows detection of facial behavior by identifying
specific facial muscle movements called action units (AUs)
[32]. Some AUs are specifically linked to emotions such as AU
4 (cheek raiser) and 12 (lips puller, smile) being linked to joy.
Some AUs are mainly associated with positive emotions, while
others are more associated with negative emotions (see Table
1 for a description of AUs). Girard and colleagues [33] found
that automatic facial expression analysis was consistent with
manual coding, validating its use in clinical research. In their
study, they analyzed AUs one by one to extract a pattern linked
to depression. Seidl and colleagues [26] studied the association
of cognitive decline and facial expressivity. The results showed
apathy moderated the effect of cognitive decline on facial
expression in Alzheimer disease and was significantly correlated
to decreased general and specific facial expressivity.
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Table 1. Action unit descriptions [32] and emotion valence [34].

a

AUa number

FACSb name

Emotion valence related

1

Inner brow raiser

–c

2

Outer brow raiser

+d

4

Brow lowerer

–

5

Upper lid raiser

–

6

Cheek raiser

+

7

Lid tightener

+/–e

9

Nose wrinkler

–

10

Upper lip raiser

–

11

Nasolabial deepener

=f

12

Lip corner puller

+

14

Dimpler

+

15

Lip corner depressor

–

17

Chin raiser

=

20

Lip stretcher

–

23

Lip tightener

+/–

25

Lips part

+

26

Jaw drop

+

45

Blink

=

AU: action unit.

b

FACS: Facial Action Coding System.

c

Negative valence.

d

Positive valence.

e

Either positive or negative valence.

f

Neutral.

In a previous pilot study, we aimed to identify facial behavior
associated with apathy through automated video analysis and
investigate how facial variations (expression and movement)
could help characterize this symptom [24]. Our algorithm was
able to classify subjects as apathetic versus nonapathetic with
84% accuracy. To validate the deep learning algorithm, we
relied on the leave-one-out cross-validation technique, which
consists of training a model using n–1 available subjects and
validate using the remaining subject. In another research work,
we employed a different approach with the same dataset [25].
Here again we used deep learning techniques to build models
but added audio features to the video ones. The final model was
76% accurate in discriminating apathetic versus nonapathetic
subjects.
Despite these promising findings, the problem of using deep
learning techniques for such studies is that the generally low
number of included subjects makes it difficult to allow for a
generalization of the built models. In addition, while correct
classification of apathetic versus nonapathetic subjects is an
important challenge, from a clinical point of view it is crucial
to precisely understand which features are more sensitive for
apathy assessment and investigate links between these features
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and the degree of apathy severity as well as its subdomains, as
measured by continuous scales.
Therefore, we aim with this exploratory study to better
understand the quantitative relationship between facial
expressivity and apathy and its subdomains (emotional blunting,
loss of initiation, loss of interest) independently of depression
and level of cognitive decline, which have been previously
shown to affect emotional expressivity. For this, we included
a larger sample of participants from which we correlated basic
facial AU activation and intensity with apathy scale scores.
We hypothesize that the higher the apathy score of a participant,
the lower and less intense would be his facial expressivity
especially for AUs involved in positive or negative emotions
[34].

Methods
Participants
A total of 63 subjects were included in the study; 7 participants
had subjective memory complaints and the rest were diagnosed
with NCDs [35] (39 mild and 17 major), including 11 subjects
with Alzheimer disease, 22 subjects with vascular dementia,
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and 11 subjects with affective disorders. Participants were
recruited from the Memory Center of Nice University Hospitals,
France, and from the Cognition Behavioral Technology research
lab of the Université Cote d’Azur in the context of motivation
activation research protocol. Participants with mild NCD were
previously followed at the Memory Center. Participants were
not included if they had sensory or motor impairments
interfering with the protocol completion. For each participant,
clinicians assessed the global level of cognitive impairment
using the Mini-Mental State Examination (MMSE) [36], the
presence of depression using the Neuropsychiatric Inventory

(NPI) [37], the presence of apathy using the ADC [2], and the
severity of apathy symptoms using the Apathy Inventory (AI)
[38]. The AI is divided into three subscales: loss of initiation
(AI-initiation), loss of interest (AI-interest), and emotional
blunting (AI-affect). The NPI depression score is calculated by
reporting the intensity (1=mild, 2=moderate, 3=severe) and
frequency (1=rarely to 4=very often). The demographic and
clinical profiles of participants are presented in Table 2.
Additional demographic features (including comparisons
between apathetic versus nonapathetic subjects based on the
ADC) are reported in Multimedia Appendix 1.

Table 2. Sociodemographic, cognitive, and behavioral variables of study participants.

a

Characteristic

Total (n=63), mean (SD)

Females (n=38), mean (SD)

Males (n=25), mean (SD)

Cohen d

Age in years

72.95 (8.40)

72.66 (8.89)

73.40 (7.76)

0.09

MMSEa

24.06 (3.84)

23.68 (4.09)

24.64 (3.43)

0.25

NPIb depression

1.17 (1.95)

1.13 (2.03)

1.24 (1.85)

0.06

AIc affect

0.33 (0.74)

0.24 (0.68)

0.48 (0.82)

0.33

AI initiation

1.32 (1.47)

1.00 (1.38)

1.80 (1.50)

0.56

AI interest

1.17 (1.33)

0.92 (1.30)

1.56 (1.29)

0.49

AI total

2.81 (3.03)

2.11 (2.83)

3.88 (3.07)

0.61

MMSE: Mini-Mental State Examination.

b

NPI: Neuropsychiatric Inventory.

c

AI: Apathy Inventory.

Ethics
The study was performed as defined in the Declaration of
Helsinki. The protocol was approved by the ethics committee
(Comité de Protection de Personnes—CPP Est III, France;
MoTap: RCB ID No. 2017-A01366-4). Informed written consent
was obtained from all participants before the study.

Free Emotional Speech Task
Participants were asked to recall a positive and negative event
of their life in maximum 1 minute. This free speech task requires
only a low cognitive load and is supposed to trigger an emotional
response. Participants were audio and videorecorded using a
tablet device in a quiet room of the Resources and Research
Memory Center at the Claude Pompidou Institut in Nice. The
tablet was facing the subjects but not hiding the investigator,
allowing a more natural interaction. In a previous study, we
have analyzed the simple audio files and found that certain voice
features were associated with apathy presence [23].

Video Features Extraction
For the features extraction we used OpenFace 2.0 software,
which is an open-source facial behavior analysis toolkit [39].
OpenFace is an implementation of face recognition with deep
neural networks. OpenFace allows detection of a single or
multiple faces in an image using pretrained models. Many basic
features can be extracted such as facial landmarks, eyes, and
head positions. Higher level features are also provided by
OpenFace in a video: head direction and movements, eye gaze
estimations, and expressed emotions. Emotions are mainly
computed by combining several AUs. Since the accuracy of
https://formative.jmir.org/2021/3/e24727
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detected emotions is highly related to the datasets used for
training the neural networks and since we are working with a
small dataset of elderly people that doesn’t allow us to retrain
the model, the obtained accuracy on detected emotions is quite
unsatisfying. We then investigated the use of AUs as
middle-level features to detect apathy. We use here the 17 main
computed AUs by OpenFace: 1, 2, 4, 5, 6, 7, 9, 10, 12, 14, 15,
17, 20, 23, 25, 26, and 45 (see Table 1). For each frame of the
recorded videos, OpenFace provides AU intensity and presence.
We then calculated 2 measures for each AU in both videos: the
average intensity and activation of each AU in each video.
Intensity ranged from 0 (absent) to 1 (present at minimum
intensity) to 5 (present at maximum intensity), with continuous
values in between. The mean intensity for each AU was
calculated as the average score across all the video frames. To
obtain a more general measure of AU activation, we also
computed for each subject the mean activation and intensity
across all AUs.

Statistical Analysis
Statistical analyses were performed using SPSS Statistics version
23.0.0 for Mac software (IBM Corporation) and R version 3.6.3
(R Foundation for Statistical Computing). To investigate the
linear relationships between apathy and facial expressivity, we
performed partial linear correlations between AU activation and
intensity and the AI subscales using depression (NPI depression)
and level of cognitive impairment (MMSE score) as covariates
for both the positive and negative story. As most of the clinical
scales were not normally distributed (as indexed by
Shapiro-Wilks tests), Spearman rho correlations were employed.
We wanted to control for the effect of cognitive impairment as
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it might have an impact on the task itself to recall an emotional
event. Similarly, we wanted to control for the effects of
depressive symptoms. In the analyses run on each specific AU,
we separated males and females as studies have found that
women and men can express their emotions differently [40-42].

the negative story (rs(61)=–0.26, P=.04), suggesting that more
apathetic participants showed lower AU intensity in the negative
story. No other significant linear correlation was found between
the apathy scales and global activation.

Results

Spearman partial correlations between each AU and apathy
scale score controlled by the NPI depression and MMSE scores
and divided by sex are presented in Table 3. Only significant
correlations are reported. All correlations are presented in
Multimedia Appendix 1.

Descriptive Analysis
A total of 63 subjects (38 females and 25 males) were included
in the study. The demographic and clinical profiles of
participants are presented in Table 2. Sociodemographic features
of apathetic and nonapathetic subjects and correlations among
the different clinical scales are reported in Multimedia Appendix
1.
The average activation frequency and intensity for each AU are
reported in Multimedia Appendix 1. In the positive story, the
average global intensity of all AUs was 0.52 (SD 0.15) and the
average global frequency was 0.29 (SD 0.07). In the negative
story, the average global intensity was 0.51 (SD 0.28) and global
frequency 0.28 (SD 0.08). Average presence and intensity for
each AU for males and females are presented in Multimedia
Appendix 1. In the negative story, AU 7 was the most intense
facial expression in the whole sample (mean 1.60 [SD 0.84] on
a 0 to 5 scale) followed by AU 10 (mean 1.02 [SD 0.47]) and
AU 4 (mean 0.45 [SD 0.57]). AU 5 was the most frequently
seen in the video (mean 0.68 [SD 0.30]) followed by AU 4
(mean 0.37 [SD 0.34) and AU 7 (mean 0.37 [SD 0.31]). In the
positive story, AU 7 was also the most intense (mean 1.68 [SD
0.86]) followed by AU 10 (mean 1.1 [SD 0.50]) and AU 6 (mean
0.85 [SD 0.53]). AU 5 was the most frequently seen (mean 0.63
[SD 0.33]) followed by AU 7 (mean 0.40 [SD 0.32]) and AU
23 (mean 0.39 [SD 0.29]).

AU Correlations to Scales
Global Scales
A general analysis considering the global activation and intensity
across AUs revealed a small but significant negative partial
correlation between global AU intensity to AI-affect score in
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Single AUs

For females, we found significant negative partial correlations
between AUs and apathy, predominantly with the AI-affect
subscale score, in both negative and positive stories (all of them
of medium effect size, rho ranging from –0.33 to –0.47). All
correlations were negative. The more severe the AI-affect score,
the less frequent or less intense the AU. Specifically, significant
correlations were found for AU 1, 2, 9, 10, 12, 25, and 45. In
the positive story, the mean activations of AU 10 and 25 were
correlated to AI-affect score. In the negative story, the mean
activations of AU 1, 2, 9, 10 12, and 45 were correlated to
AI-affect scores. The mean activations of AU 10 and 12 were
correlated to AI-total score, and the mean activation of AU 10
was correlated to AI-initiation score.
For males, significant correlations were found for AU 1, 12,
14, 15, 17, 20, and 45. All of these correlations were negative,
with effect sizes ranging from medium to large (rho ranging
from –0.42 to –0.63). In the positive story, the mean intensity
of AU 1 was correlated to AI-initiation score, 12 to AI-interest
score, 14 to AI-total score, and 17 was correlated to AI-affect
score. The mean activation of AU 14 was correlated to
AI-initiation, AI-interest, and AI-total scores. The mean
activation of AU 45 was correlated to AI-interest and AI-total
scores. In the negative story, the mean intensity of AU 1 was
correlated to AI-initiation and AI-total scores. The mean
intensities of AU 15, 17, and 20 were correlated to AI-affect
score. The mean activation of AU 28 was correlated to
AI-initiation and NPI-apathy score.
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Table 3. Spearman rho correlations between action units and apathy scales for males and females.
Characteristics, AUa

AIb-affect

AI-initiation

AI-interest

AI-total

Inner brow raiser

–0.340

—c

—

—

Outer brow raiser

–0.422

—

—

—

Nose wrinkler

–0.382

—

—

—

Upper lip raiser

–0.350

–0.426

—

–0.337

—

—

–0.350

–0.349

—

—

—

Inner brow raiser

–0.361

—

—

—

Nose wrinkler

–0.470

—

—

—

Upper lip raiser

–0.461

—

—

—

Lips part

–0.333

—

—

—

–0.474

—

—

—

Inner brow raiser

—

–0.432

—

–0.426

Lip corner depressor

–0.628

—

—

—

Chin raiser

–0.510

—

—

—

Lip stretcher

–0.472

—

—

—

Dimpler

—

–0.501

–0.625

–0.503

Blink

—

—

–0.428

–0.466

Inner brow raiser

—

–0.472

—

—

Lip corner puller

—

—

–0.418

—

Dimpler

—

—

—

–0.416

Chin raiser

–0.437

—

—

—

Female
Negative story
Mean activation

Lip corner puller
Blink
Mean intensity

Positive story
Mean activation

Male
Negative story
Mean activation
Lip stretcher
Mean intensity

Positive story
Mean activation

Mean intensity

a

AU: action unit.

b

AI: Apathy Inventory.

c

Not applicable.

Discussion
Principal Findings
In this exploratory study we aimed to verify whether facial
expressivity, assessed using automatic video analysis, correlates
https://formative.jmir.org/2021/3/e24727
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with apathy severity in elderly subjects with NCDs. Specifically,
we aimed to explore which particular AUs, intensity and
activation frequency, are associated with apathy and its different
subdomains in male and female subjects, employing 2 different
emotion-related tasks (telling a positive and a negative story).
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To assess apathy, we used the AI scale (clinician version) and
its subdomains reduced affect, loss of interest, and loss of
initiation. We extracted AUs from videorecordings of
participants while they performed an emotional task consisting
of recalling a positive and a negative event from their life.
Studies have found that women and men can express their
emotions differently [40-42]. Thus, we separated male and
female participants for the analyses. We hypothesized that the
AUs implicated in positive and negative emotions (joy, sadness,
disgust, anger, surprise) would correlate with apathy levels.
Specifically, the more important the apathy symptomatology,
the lower the emotional activation/intensity. We classified AUs
with emotional valence (positive, negative, neutral) according
to Haines et al [34].

(blunted affect) is mainly assessed with facial emotional
responses in clinical interviews, which could explain this
finding. Depending on the patient’s emotional responsiveness
in the interaction, the clinician will infer the presence of a
potential emotional blunting. This is one of the main biases in
the evaluation of apathy due to a lack of objectivity (clinician
can miss cues) and context (patients are in a particular
environment that does not translate the way they experience
emotions in their daily lives). Similar studies found that flattened
affect in schizophrenic or depressed patients is reflected in
decreased spontaneous facial expression compared with control
groups [43]. Furthermore, they found that depressed patients
showed even less facial expressivity compared with
schizophrenic subjects.

Partial correlations (controlling for depressive symptoms and
level of cognitive impairment) showed that, overall, apathetic
participants showed lower average AU intensity in the negative
story. This result suggests that more apathetic subjects had less
intense facial expressivity compared with less apathetic subjects,
at least while telling a negative event. At the level of single AU
analysis, several AUs were significantly less expressed with
more pronounced apathy symptoms in the upper region (inner
and outer brow raiser) and lower region (nose and lip movement)
of the face. Moreover, the relevant AUs were different
depending on sex and the task’s emotional valence.

Interestingly, blunted affect was the subdomain of apathy most
linked to lack of facial expressivity for women. This could be
explained by the hypothesis that women tend to express their
emotions more [40,41,44]. Studies have shown that emotional
expressivity and emotional memory retrieval are different
depending on sex [45,46]. Men experience emotions more
strongly whereas women tend to express them more. Another
explanation would be that women are expected to express more
happiness and sadness, and a lack of facial expressivity due to
apathy would be identified more quickly than for men who are
less expected to display these emotions [47]. Future studies
should investigate the link between subdomains of apathy and
sex. We found that for women, AU 9 (nose wrinkler, involved
in disgust) intensity was significantly correlated with AI-affect
in the negative story. In one study, the authors predicted the sex
of a person simply from their emotional expressions of happiness
and disgust but not from expressions like sadness and surprise
[41]. This AU is expected to be more pronounced and intense
for women but seems significantly less expressed in people with
apathy.

For instance, for men, AU 12 (smile) and 14 (dimpler), both
considered positive AUs, were significantly less expressed the
more important the behavioral and cognitive dimensions of
apathy in the positive story. AU 15 (lip corner depressor) and
20 (lip stretcher), both considered negative AUs, correlated
significantly with affect dimension in the negative story. AU 1
(inner brow raiser), involved in sadness, anger and fear, was
less expressed in both stories the more severe the initiation
symptoms. For women, in the positive story, AU 1 (inner brow
raiser) intensity and 4 (brow lowerer) frequency (both involved
in sadness) were significantly correlated to AI-affect in the
negative story. Thus, some of the expected facial expressions
are significantly less expressed in more apathetic subjects. For
men, this was observed in both positive and negative
storytelling. For women, this was mainly observed in the
negative story. For women, AU 25 (lip part), involved in talking,
was significantly less frequent in the positive story. This is in
line with the symptomatology of apathetic subjects being less
talkative [23]. Different AUs were correlated to apathy scales
depending on the task’s emotional valence. In the negative story,
mainly negative valence AUs were correlated to apathy
symptoms for men. Both positive and negative AUs showed
significant correlations for women. In the positive story, positive
AUs (12 and 14) and neutral AUs (17 and 45) were significantly
less expressed for men. For women, only two AUs (10 and 25)
showed significant correlations, one of negative and one of
positive valence. Our findings suggest that the more severe the
apathy symptoms, the less expressed are the AUs expected for
the task’s valence.

Correlations With the Affect Apathy Dimension
For both men and women in the negative story, the majority of
AUs were associated with the affect subdomain. AI-affect
https://formative.jmir.org/2021/3/e24727
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Correlations With the Loss of Interest and Lack of
Initiation Dimensions
Only a few AUs were linked to loss of interest and lack of
initiation. For women, only AU 10 was linked to lack of
initiation, and none to loss of interest. However, for men, in the
positive story, all the significant correlations to AUs (such as
1 and 14) were linked to either lack of initiation or loss of
interest. One explanation could be that the positive condition
triggered memories that might have involved activities such as
gatherings with family or friends, eliciting less intense positive
emotions the more severe the apathy symptoms. Emotional
valence (positive, negative, and neutral) and arousal of an event
will have an impact on the way emotions are stored and retrieved
in autobiographical memory [48]. Positive memories are
retrieved with richer details supposedly due to a bonding social
role, while negative memories would have more of a survival
role, so the events are not repeated. In the positive story, women
often recalled the birth of a child or a wedding day while men
recalled more diverse events.
Our results, despite being preliminary, are in line with previous
research showing that besides cognitive deficits, apathy was
significantly correlated with decreased overall and specific facial
expression [26]. In depression, similar results have been found
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[33]. Girard et al [33] compared specific AUs to depression
severity and found that depressed people would smile less and
express the emotion of contempt more. In apathy, the AUs
involved in these emotions were all decreased for the male
sample. However, different AUs were involved for the female
sample, which underlines how important it is to consider sex
differences in the study of emotional expressivity. Overall,
apathy seems to have an impact on global facial expressivity
and thus, can be detected by automated video analysis.
Nevertheless, at this stage it remains a rather sensitive but not
specific tool for detecting variations in emotional facial
expression (which in turn can be an indicator for apathy or
depression or negative symptoms, etc). Peham et al [49] studied
facial emotional behavior of female subjects suffering from
mental disorders (personality disorder, depression, anxiety,
eating disorder, etc) during a clinical interview and found no
distinctive patterns that were disease specific.
In depression detection, increasingly research efforts have been
placed on merging audio and video features with encouraging
results, demonstrating that when both modalities are combined
more precise assessments can be obtained [27]. We previously
demonstrated that, simply by extracting and analyzing voice
features from the free emotional tasks, apathy prediction can
be quite accurate [22,23]. Therefore, it can be assumed that in
a next step, the fusion of audio and video features will improve
on our current results, supporting the long-term goal of
validating such technology for use in daily clinical practice.

Limitations
The main study limitations are the relatively small sample size,
coupled with the rather high number of statistical tests
performed. As this study was exploratory, we did not employ
statistical corrections for multiple comparisons, which could
increase the probability of making type I errors. This is one of
the first studies that analyzes correlations between facial
expressivity and apathy, and these results could be used to
formulate more precise hypotheses on specific AU involvement,
to be tested with more robust statistical methods in future
studies. Another issue is that this study relied on clinicians to
rate levels of apathy and other neuropsychiatric scales. Future
research should employ multiple types of scales such as
self-administered scales in order to understand if there is a gap

Zeghari et al
between how the patient feels in his daily life and what the
clinician is observing. Combining ecological momentary
assessment with these novel measures (facial behavior, voice
parameters, activity monitoring, etc) and biomarkers (magnetic
resonance imaging) should also be included to ensure covering
all types of assessments available since there are no existing
gold standard for apathy scales [11,50]. More variables should
be considered such as fatigue and anhedonia, as they both are
related to apathy [14,51].

Conclusion
Overall, it can be concluded that computer vision-based facial
analysis showed promising results in detecting blunted affect
and global apathy in neurocognitive disorders. These preliminary
results should be corroborated by further studies including a
larger sample size, allowing researchers to test a reduced number
of relevant hypotheses and apply corrections for multiple
comparisons. As the effect size found in our study was medium
to large, reduced facial expressivity may represent a promising
proxy for emotional blunting. Specifically, as hypothesized, our
results suggested that the presence of AUs relating to positive
emotions is particularly relevant to assess apathy during the
positive storytelling, while the presence of AUs relating to
negative emotions may be relevant during negative storytelling,
especially for men. Women may show a wider range of emotions
in both positive and negative storytelling, thus suggesting the
interest of assessing AUs related to both positive and negative
emotions in both stories.
More research is needed to identify specific facial expressions
associated with apathy and combine this method with other
technologies such as automatic speech analysis and eye tracking
to provide additional information for differential diagnosis.
Identifying multimodal digital biomarkers (eg, voice features,
activity patterns, eye paths, facial expression) and combining
them with ecological momentary assessment could be the future
of neuropsychiatric and cognitive assessment, allowing early
detection of changes and therefore better adapted treatment [30].
These technologies could facilitate continuous monitoring to
prevent relapses in depression, psychotic crisis in schizophrenia,
or the detection of early signs of cognitive deficits and
behavioral changes in neurocognitive disorders.

Acknowledgments
This work was supported by the Association Innovation Alzheimer, the JL Noisiez Foundation, and by the French government,
through the UCA-JEDI (Cote d’Azur University: Joint, Excellent, and Dynamic Initiative) Investments in the Future project
managed by the National Research Agency (reference number ANR-15-IDEX-01). This work was done in the context of the
Digital Medicine–Brain, Cognition, Behavior program of the University Côte d’Azur. Thanks to all patients who participated in
our study.

Authors' Contributions
AK and PR designed the studies. RZ and AK ran the experiments. RZ, VM, RF, and RG analyzed the results. GS, JJ, and RG
extracted the facial features. All authors participated in writing the manuscript.

Conflicts of Interest
None declared.
https://formative.jmir.org/2021/3/e24727

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e24727 | p.368
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Zeghari et al

Multimedia Appendix 1
Auxiliary tables.
[DOCX File , 64 KB - formative_v5i3e24727_app1.docx ]

References
1.
2.

3.

4.
5.
6.

7.

8.

9.

10.

11.

12.
13.
14.
15.
16.

17.

18.

19.
20.

Husain M, Roiser JP. Neuroscience of apathy and anhedonia: a transdiagnostic approach. Nat Rev Neurosci 2018
Aug;19(8):470-484. [doi: 10.1038/s41583-018-0029-9] [Medline: 29946157]
Robert P, Lanctôt KL, Agüera-Ortiz L, Aalten P, Bremond F, Defrancesco M, et al. Is it time to revise the diagnostic criteria
for apathy in brain disorders? The 2018 international consensus group. Eur Psychiatry 2018 Oct;54:71-76 [FREE Full text]
[doi: 10.1016/j.eurpsy.2018.07.008] [Medline: 30125783]
Bakker C, de Vugt ME, van Vliet D, Verhey FRJ, Pijnenburg YA, Vernooij-Dassen MJFJ, et al. Predictors of the time to
institutionalization in young- versus late-onset dementia: results from the Needs in Young Onset Dementia (NeedYD)
study. J Am Med Dir Assoc 2013 Apr;14(4):248-253. [doi: 10.1016/j.jamda.2012.09.011] [Medline: 23123009]
Nijsten JMH, Leontjevas R, Pat-El R, Smalbrugge M, Koopmans RTCM, Gerritsen DL. Apathy: risk factor for mortality
in nursing home patients. J Am Geriatr Soc 2017 Oct;65(10):2182-2189. [doi: 10.1111/jgs.15007] [Medline: 28791690]
Starkstein SE, Jorge R, Mizrahi R, Robinson RG. A prospective longitudinal study of apathy in Alzheimer's disease. J
Neurol Neurosurg Psychiatry 2006 Jan;77(1):8-11 [FREE Full text] [doi: 10.1136/jnnp.2005.069575] [Medline: 16361584]
Robert PH, Berr C, Volteau M, Bertogliati C, Benoit M, Sarazin M, PréAL study. Apathy in patients with mild cognitive
impairment and the risk of developing dementia of Alzheimer's disease: a one-year follow-up study. Clin Neurol Neurosurg
2006 Dec;108(8):733-736. [doi: 10.1016/j.clineuro.2006.02.003] [Medline: 16567037]
Ruthirakuhan M, Herrmann N, Vieira D, Gallagher D, Lanctôt KL. The roles of apathy and depression in predicting
Alzheimer disease: a longitudinal analysis in older adults with mild cognitive impairment. Am J Geriatr Psychiatry 2019
Aug;27(8):873-882 [FREE Full text] [doi: 10.1016/j.jagp.2019.02.003] [Medline: 30910421]
Padala PR, Padala KP, Lensing SY, Jackson AN, Hunter CR, Parkes CM, et al. Repetitive transcranial magnetic stimulation
for apathy in mild cognitive impairment: a double-blind, randomized, sham-controlled, cross-over pilot study. Psychiatry
Res 2018 Mar;261:312-318 [FREE Full text] [doi: 10.1016/j.psychres.2017.12.063] [Medline: 29331848]
Manera V, Abrahams S, Agüera-Ortiz L, Bremond F, David R, Fairchild K, et al. Recommendations for the
nonpharmacological treatment of apathy in brain disorders. Am J Geriatr Psychiatry 2020 Apr;28(4):410-420. [doi:
10.1016/j.jagp.2019.07.014] [Medline: 31495772]
Radakovic R, Harley C, Abrahams S, Starr JM. A systematic review of the validity and reliability of apathy scales in
neurodegenerative conditions. Int Psychogeriatr 2015 Jun;27(6):903-923. [doi: 10.1017/S1041610214002221] [Medline:
25355282]
Clarke DE, Ko JY, Kuhl EA, van Reekum R, Salvador R, Marin RS. Are the available apathy measures reliable and valid?
A review of the psychometric evidence. J Psychosom Res 2011 Jan;70(1):73-97 [FREE Full text] [doi:
10.1016/j.jpsychores.2010.01.012] [Medline: 21193104]
Yeager CA, Hyer L. Apathy in dementia: relations with depression, functional competence, and quality of life. Psychol
Rep 2008 Jun;102(3):718-722. [doi: 10.2466/pr0.102.3.718-722] [Medline: 18763441]
Tagariello P, Girardi P, Amore M. Depression and apathy in dementia: same syndrome or different constructs? A critical
review. Arch Gerontol Geriatr 2009;49(2):246-249. [doi: 10.1016/j.archger.2008.09.002] [Medline: 19022508]
Ang Y, Lockwood P, Apps MAJ, Muhammed K, Husain M. Distinct subtypes of apathy revealed by the Apathy Motivation
Index. PLoS One 2017;12(1):e0169938 [FREE Full text] [doi: 10.1371/journal.pone.0169938] [Medline: 28076387]
Papastavrou E, Kalokerinou A, Papacostas SS, Tsangari H, Sourtzi P. Caring for a relative with dementia: family caregiver
burden. J Adv Nurs 2007 Jun;58(5):446-457. [doi: 10.1111/j.1365-2648.2007.04250.x] [Medline: 17442030]
Matsumoto N, Ikeda M, Fukuhara R, Shinagawa S, Ishikawa T, Mori T, et al. Caregiver burden associated with behavioral
and psychological symptoms of dementia in elderly people in the local community. Dement Geriatr Cogn Disord
2007;23(4):219-224. [doi: 10.1159/000099472] [Medline: 17299264]
Gros A, Bensamoun D, Manera V, Fabre R, Zacconi-Cauvin A, Thummler S, et al. Recommendations for the use of ICT
in elderly populations with affective disorders. Front Aging Neurosci 2016;8:269 [FREE Full text] [doi:
10.3389/fnagi.2016.00269] [Medline: 27877126]
König A, Aalten P, Verhey F, Bensadoun G, Petit P, Robert P, et al. A review of current information and communication
technologies: can they be used to assess apathy? Int J Geriatr Psychiatry 2014 Apr;29(4):345-358. [doi: 10.1002/gps.4017]
[Medline: 24006215]
Chau SA, Chung J, Herrmann N, Eizenman M, Lanctôt KL. Apathy and attentional biases in Alzheimer's disease. J
Alzheimers Dis 2016;51(3):837-846. [doi: 10.3233/JAD-151026] [Medline: 26890774]
Mulin E, Zeitzer JM, Friedman L, Le Duff F, Yesavage J. Relationship between apathy and sleep disturbance in mild and
moderate Alzheimer's disease: an actigraphic study. J Alzheimers Dis 2011;25(1):85-91. [doi: 10.3233/JAD-2011-101701]
[Medline: 21335662]

https://formative.jmir.org/2021/3/e24727

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e24727 | p.369
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
21.

22.

23.

24.

25.

26.

27.
28.

29.
30.

31.

32.
33.

34.

35.
36.
37.

38.

39.

40.
41.
42.
43.

Valembois L, Oasi C, Pariel S, Jarzebowski W, Lafuente-Lafuente C, Belmin J. Wrist actigraphy: a simple way to record
motor activity in elderly patients with dementia and apathy or aberrant motor behavior. J Nutr Health Aging 2015
Aug;19(7):759-764. [doi: 10.1007/s12603-015-0530-z] [Medline: 26193860]
Linz N, Klinge X, Tröger J. Automatic detection of apathy using acoustic markers extracted from free emotional speech.
2018 Presented at: 2nd Workshop on AI for Aging, Rehabilitation and Independent Assisted Living (ARIAL) IJCAI'18;
2018; Stockholm.
König A, Linz N, Zeghari R, Klinge X, Tröger J, Alexandersson J, et al. Detecting apathy in older adults with cognitive
disorders using automatic speech analysis. J Alzheimers Dis 2019;69(4):1183-1193. [doi: 10.3233/JAD-181033] [Medline:
31127764]
Happy S, Dantcheva A, Das A, Zeghari R, Robert P, Bremond F. Characterizing the state of apathy with facial expression
and motion analysis. 2019 Presented at: 14th IEEE International Conference on Automatic Face & Gesture Recognition
(FG ); 2019; Lille p. 1-8. [doi: 10.1109/fg.2019.8756545]
Sharma G, Joshi J, Zeghari R, Guerchouche R. Audio-visual weakly supervised approach for apathy detection in the elderly.
2020 Presented at: 2020 International Joint Conference on Neural Networks (IJCNN); 2020; Glasgow p. 1-7. [doi:
10.1109/ijcnn48605.2020.9206829]
Seidl U, Lueken U, Thomann PA, Kruse A, Schröder J. Facial expression in Alzheimer's disease: impact of cognitive
deficits and neuropsychiatric symptoms. Am J Alzheimers Dis Other Demen 2012 Mar;27(2):100-106 [FREE Full text]
[doi: 10.1177/1533317512440495] [Medline: 22495337]
Joshi J, Goecke R, Alghowinem S, Dhall A, Wagner M, Epps J, et al. Multimodal assistive technologies for depression
diagnosis and monitoring. J Multimodal User Interfaces 2013 Sep 7;7(3):217-228. [doi: 10.1007/s12193-013-0123-2]
Cohn JF, Kruez TS, Matthews I, Yang Y, Nguyen MH, Padilla MT, et al. Detecting depression from facial actions and
vocal prosody. Proc 3rd Int Conf Affective Comput Intelligent Interaction Workshops 2009. [doi:
10.1109/ACII.2009.5349358]
Cummins N, Scherer S, Krajewski J, Schnieder S, Epps J, Quatieri TF. A review of depression and suicide risk assessment
using speech analysis. Speech Commun 2015 Jul;71:10-49. [doi: 10.1016/j.specom.2015.03.004]
Kubiak T, Smyth J. Connecting domains—ecological momentary assessment in a mobile sensing framework. In: Baumeister
H, Montag C, editors. Digital Phenotyping and Mobile Sensing. Studies in Neuroscience, Psychology and Behavioral
Economics. Cham: Springer; 2019.
Ramsey AT, Wetherell JL, Depp C, Dixon D, Lenze E. Feasibility and acceptability of smartphone assessment in older
adults with cognitive and emotional difficulties. J Technol Hum Serv 2016;34(2):209-223 [FREE Full text] [doi:
10.1080/15228835.2016.1170649] [Medline: 27683018]
Ekman P, Friesen WV. Manual for the Facial Action Coding System. Palo Alto: Consulting Psychologists Press; 1978.
Girard JM, Cohn JF, Mahoor MH, Mavadati SM, Hammal Z, Rosenwald DP. Nonverbal social withdrawal in depression:
evidence from manual and automatic analysis. Image Vis Comput 2014 Oct;32(10):641-647 [FREE Full text] [doi:
10.1016/j.imavis.2013.12.007] [Medline: 25378765]
Haines N, Southward MW, Cheavens JS, Beauchaine T, Ahn W. Using computer-vision and machine learning to automate
facial coding of positive and negative affect intensity. PLoS One 2019;14(2):e0211735 [FREE Full text] [doi:
10.1371/journal.pone.0211735] [Medline: 30721270]
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. Washington: American Psychiatric Association; 2013.
Folstein MF, Folstein SE, McHugh PR. "Mini-mental state." A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975 Nov;12(3):189-198. [doi: 10.1016/0022-3956(75)90026-6] [Medline: 1202204]
Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The Neuropsychiatric Inventory:
comprehensive assessment of psychopathology in dementia. Neurology 1994 Dec;44(12):2308-2314. [doi:
10.1212/wnl.44.12.2308] [Medline: 7991117]
Robert PH, Clairet S, Benoit M, Koutaich J, Bertogliati C, Tible O, et al. The apathy inventory: assessment of apathy and
awareness in Alzheimer's disease, Parkinson's disease and mild cognitive impairment. Int J Geriatr Psychiatry 2002
Dec;17(12):1099-1105. [doi: 10.1002/gps.755] [Medline: 12461757]
Baltrusaitis T, Robinson P, Morency L. OpenFace: an open source facial behavior analysis toolkit. 2016 Presented at: 2016
IEEE Winter Conference on Applications of Computer Vision (WACV); 2016; Lake Placid p. 1-10. [doi:
10.1109/wacv.2016.7477553]
Vail A, Grafsgaard J, Boyer K, Wiebe E, Lester J. Gender differences in facial expressions of affect during learning. Proc
2016 Conf User Modeling Adaptation Personalization 2016:65-73. [doi: 10.1145/2930238.2930257]
Xia B. Which facial expressions can reveal your gender? A study with 3D faces. ArXiv. Preprint posted online May 1,
2018 2018 [FREE Full text] [doi: 10.5860/choice.189890]
McDuff D, Kodra E, Kaliouby RE, LaFrance M. A large-scale analysis of sex differences in facial expressions. PLoS One
2017;12(4):e0173942 [FREE Full text] [doi: 10.1371/journal.pone.0173942] [Medline: 28422963]
Trémeau F, Malaspina D, Duval F, Corrêa H, Hager-Budny M, Coin-Bariou L, et al. Facial expressiveness in patients with
schizophrenia compared to depressed patients and nonpatient comparison subjects. Am J Psychiatry 2005 Jan;162(1):92-101.
[doi: 10.1176/appi.ajp.162.1.92] [Medline: 15625206]

https://formative.jmir.org/2021/3/e24727

XSL• FO
RenderX

Zeghari et al

JMIR Form Res 2021 | vol. 5 | iss. 3 | e24727 | p.370
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
44.
45.

46.

47.

48.
49.
50.

51.

Zeghari et al

Dimberg U, Lundquist LO. Gender differences in facial reactions to facial expressions. Biol Psychol 1990 Apr;30(2):151-159.
[doi: 10.1016/0301-0511(90)90024-q] [Medline: 2285765]
Piefke M, Weiss PH, Markowitsch HJ, Fink GR. Gender differences in the functional neuroanatomy of emotional episodic
autobiographical memory. Hum Brain Mapp 2005 Apr;24(4):313-324 [FREE Full text] [doi: 10.1002/hbm.20092] [Medline:
15704151]
Deng Y, Chang L, Yang M, Huo M, Zhou R. Gender differences in emotional response: inconsistency between experience
and expressivity. PLoS One 2016;11(6):e0158666 [FREE Full text] [doi: 10.1371/journal.pone.0158666] [Medline:
27362361]
Hess U, Adams R, Kleck R. When two do the same, it might not mean the same: the perception of emotional expressions
shown by men and women. In: Group Dynamics and Emotional Expression. Cambridge: Cambridge University Press;
2009:33-50.
Ford JH, Addis DR, Giovanello KS. Differential effects of arousal in positive and negative autobiographical memories.
Memory 2012;20(7):771-778 [FREE Full text] [doi: 10.1080/09658211.2012.704049] [Medline: 22873402]
Peham D, Bock A, Schiestl C, Huber E, Zimmermann J, Kratzer D, et al. Facial affective behavior in mental disorder. J
Nonverbal Behav 2015 Jul 11;39(4):371-396. [doi: 10.1007/s10919-015-0216-6]
Cummings J, Friedman JH, Garibaldi G, Jones M, Macfadden W, Marsh L, et al. Apathy in neurodegenerative diseases:
recommendations on the design of clinical trials. J Geriatr Psychiatry Neurol 2015 Sep;28(3):159-173. [doi:
10.1177/0891988715573534] [Medline: 25809634]
Skorvanek M, Gdovinova Z, Rosenberger J, Saeedian RG, Nagyova I, Groothoff JW, et al. The associations between fatigue,
apathy, and depression in Parkinson's disease. Acta Neurol Scand 2015 Feb;131(2):80-87. [doi: 10.1111/ane.12282]
[Medline: 25288130]

Abbreviations
ADC: Apathy Diagnostic Criteria
AI: Apathy Inventory
AU: action unit
MMSE: Mini-Mental State Examination
NCD: neurocognitive disorder
NPI: Neuropsychiatric Inventory
UCA-JEDI: Cote d’Azur University: Joint, Excellent, and Dynamic Initiative

Edited by J Torous; submitted 02.10.20; peer-reviewed by W Eikelboom, N Nazari; comments to author 30.10.20; revised version
received 23.11.20; accepted 18.01.21; published 31.03.21.
Please cite as:
Zeghari R, König A, Guerchouche R, Sharma G, Joshi J, Fabre R, Robert P, Manera V
Correlations Between Facial Expressivity and Apathy in Elderly People With Neurocognitive Disorders: Exploratory Study
JMIR Form Res 2021;5(3):e24727
URL: https://formative.jmir.org/2021/3/e24727
doi:10.2196/24727
PMID:

©Radia Zeghari, Alexandra König, Rachid Guerchouche, Garima Sharma, Jyoti Joshi, Roxane Fabre, Philippe Robert, Valeria
Manera. Originally published in JMIR Formative Research (http://formative.jmir.org), 31.03.2021. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Formative Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://formative.jmir.org, as well as this copyright and license information must be included.

https://formative.jmir.org/2021/3/e24727

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 3 | e24727 | p.371
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Godfrey et al

Original Paper

Educational Needs and Preferences for Patient-Centered
Outcomes Research in the Cystic Fibrosis Community: Mixed
Methods Study
Emily M Godfrey1*, MPH, MD; Traci M Kazmerski2*, MSc, MD; Georgia Brown3*, MLA; Erin K Thayer1*, MPH;
Laura Mentch3*, EdM; Molly Pam3*, BSc; Morhaf Al Achkar1*, PhD, MD
1

Department of Family Medicine, University of Washington School of Medicine, Seattle, WA, United States

2

Department of Pediatrics, School of Medicine, University of Pittsburgh, Pittsburgh, PA, United States

3

Cystic Fibrosis Reproductive and Sexual Health Collaborative, Seattle, WA, United States

*

all authors contributed equally

Corresponding Author:
Emily M Godfrey, MPH, MD
Department of Family Medicine
University of Washington School of Medicine
4311 11th Ave NE
Suite 210, Box 354982
Seattle, WA, 98105
United States
Phone: 1 206 685 4895
Fax: 1 206 616 4768
Email: godfreye@uw.edu

Abstract
Background: Cystic fibrosis (CF) is a rare, life-shortening, multiorgan disease, the treatment of which has seen significant
increases in the life expectancy of those with CF. Many advances in CF care are thanks to the dedicated and active participation
of people with CF as research participants. Unfortunately, most CF research teams still do not fully partner with people with CF
or their caregivers.
Objective: The aim of this study was to determine the interest, knowledge gaps, and desired format for patient-centered outcomes
research (PCOR) training in the CF community.
Methods: We surveyed patients, caregivers, researchers, research staff, and diverse health care providers via list servers and
social media outreach about their knowledge of, experience with, and preferences for PCOR training components. We followed
the survey with 3 small-group discussion sessions with 22 participants who completed the survey to establish consensus and
prioritize key learning components of a PCOR training program. We summarized results using descriptive statistics.
Results: A total of 170 participants completed the survey (patients/caregivers: 96/170, 56.5%; researchers/health care providers:
74/170, 43.5%). Among providers, 26% (19/74) were physicians/advanced practice providers, 20% (15/74) were nurses, and
54% (40/74) were from other disciplines. Among all participants, 86.5% (147/170) expressed interest in learning about PCOR,
although training topics and training format differed between the patient/caregiver and researcher/health care provider groups.
Before participating in PCOR, patients/caregivers wanted to understand more about expectations of them as partners on PCOR
research teams (82/96, 85%). Meanwhile, researchers/health care providers desired information on how to include outcomes
important to patients/caregivers (55/74, 74%) and the quality and impact of PCOR research (52/74, 70% and 51/74, 69%,
respectively). Patients/caregivers were most interested in learning about the time commitment as a PCOR team member (75/96,
78%). Researchers/health care providers wanted to receive training about how to establish trust (47/74, 64%) and maintain
confidentiality (47/74, 64%) when including patient or caregiver partners on the PCOR team. During follow-up discussions,
participants emphasized the importance of addressing the traditional patient/caregiver and researchers/health care provider
hierarchy by teaching about transparency, appreciation, creating a common language between the groups, and providing specific
training on “how” to do PCOR.
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Conclusions: Our findings suggest CF community members are interested in PCOR. A high-quality training program would
fill a current deficit in methodological research. This assessment identified the topics and formats desired and can be used to
develop targeted training to enhance meaningful PCOR in CF.
(JMIR Form Res 2021;5(3):e24302) doi:10.2196/24302
KEYWORDS
cystic fibrosis; needs assessment; patient-centered outcomes research; training; education; team building; patient engagement

Introduction

researchers, enhance mutual learning between stakeholders and
researchers, and improve research adoption [12,13].

Cystic fibrosis (CF) is a rare, life-shortening, multi-organ disease
that affects approximately 30,000 patients in the United States
[1]. CF impedes cell chloride protein channels leading to a cycle
of impaired mucociliary clearance, inflammation, and infection
in the respiratory tract, with related effects on the digestive,
endocrine, immune, and reproductive systems. It can lead to
severe respiratory and digestive problems as well as other
complications such as infections and diabetes. Although CF
traditionally affected children, today more than 50% of
individuals with CF are adults with a median survival of almost
45 years [2].

Even with the apparent benefits of PCOR, the PCORI recognizes
that before patient–researcher partnerships can work effectively
and successfully, some level of initial training for both the
researchers and the patient partners is necessary [10]. In 2013,
the PCORI stated that patients and stakeholders need training
“to have productive conversations with research partners” while
researchers need training to “adopt a vernacular that is familiar
to patients and stakeholders and facilitates best communication”
[10]. We found several studies that evaluated PCOR programs
and interactions, findings from which we identified priorities
for PCOR training [14-16]. One PCOR training program for
patient partners of the National Organization of Rare Disorders
(NORD) in conjunction with the University of Maryland
included PCOR funding opportunities, use of data sources to
help support PCOR partnerships, different levels of patient
engagement, and techniques for communication and
collaboration [17]. An evaluation of a training program for new
PCOR researchers conducted at the University of Maryland
suggested the need for qualified and skilled mentors in PCOR
methodology [15]. A separate study found that training priorities
should include helping team members identify appropriate
patient partners, devising an engagement strategy that clarifies
roles and expectations, and building skills for positive team
dynamics [14]. PCOR training for researchers and patients can
support productive relationships that advance patient-centered
outcomes research.

People with CF have a long history of actively being involved
as participants in research and thus have played a critical role
in the medical advances seen in the CF community. The Cystic
Fibrosis Foundation (CFF) is a large stakeholder organization
that has led the effort to fund clinical research studies that
advance the care and treatment of CF patients in the United
States [3]. The latest breakthrough has been the development
and recent Food and Drug Administration approval of a highly
effective modulator therapy medication that corrects defective
protein channels for 90% of those with CF 12 years and older,
which is approximately 27,000 people in the United States [4].
Despite these achievements, patient participation in CF-related
research has been mostly limited to involvement as participants
enrolled in clinical trials. In the past two decades, the CF
community and CFF have worked to deepen partnerships with
patients through skill-building opportunities in quality
improvement methods and the formation of patient and family
advisory boards [5,6]. Another CF stakeholder organization,
Cystic Fibrosis Research, Inc (CFRI), hosts an annual
conference for researchers, clinicians, caregivers, and patients
with CF and provides monetary support for CF research driven
by stakeholders in the CF community [7]. Yet, despite these
opportunities, partnership with people with CF and their families
as equal players in research design and performance remains
limited.
The Patient-Centered Outcomes Research Institute (PCORI),
established in 2010 in the United States, now requires research
engagement in all of its funded studies [8,9]. Patient-centered
outcomes research fosters coproduction by engaging patients,
caregivers, and other stakeholders as equal members on research
teams [10]. Essentially, PCOR shifts power that typically rests
with researchers over to service users (ie, patients) [11].
Stakeholder engagement has been shown to improve the
relevance of research, increase stakeholder trust in research and
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To better inform PCOR training, we performed an educational
needs assessment to determine the interests and concerns of the
CF community. Such assessments are considered fundamental
to the success of training programs and to identifying potential
gaps and discrepancies between learner types, in this case those
between patients/caregivers and researchers/health care
providers [18,19]. The aim of this study was to inform the
development of a future PCOR training program for the CF
community.

Methods
Study Design
We developed our needs assessment using a mixed-methods
approach, which helps to strengthen a study’s conclusions and
provide greater validity to the findings [20]. We designed our
needs assessment using both a quantitative survey and
qualitative in-depth discussion groups to inquire about the PCOR
training needs of the CF community. The survey sought to assess
the overall interest of PCOR in the community and to understand
respondents’ perceived barriers and concerns about PCOR. We
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followed up with these findings with 3 in-depth discussion
groups, called World Café, to further explore these concepts.
In both the survey and discussion sessions, we assessed PCOR
knowledge and experience, possible PCOR training program
topics, and potential training session formats. This study was
provided exempt status by the University of Washington Human
Subjects Division (Institutional Review Board no. 6146).
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Our primary objective was to make the survey accessible to as
many people as possible in the CF community. We invited a
convenience sample of diverse members of the CF community
to participate in our needs assessment, including patients with
CF, caregivers, all members of the CF clinical care team,
researchers, and research staff. Because CF is a complex
multi-organ disease, the CF clinical care team is comprehensive
and interdisciplinary in nature and consists of clinicians, nurses,
respiratory therapists/physical therapists, social workers, and
nutritionists. Many CF clinics have additional specialists in
gastroenterology, endocrinology, complex pharmacy, advanced
practice, occupational therapy, mental health, and care
coordination.

researchers [27]. The questionnaire (Multimedia Appendix 1)
included definitions from the PCORI about specific terms,
including patient engagement, PCOR, and comparative
effectiveness research in order to increase baseline knowledge
for the respondents about the questions being asked. Questions
included respondent identification to specific self-identified
participant groups (patient/caregiver vs researcher/health care
provider). We then tailored a few questions to the specified
groups based on topic areas deemed as priority areas in other
PCOR training sessions [14,15,17]. We asked about participant
knowledge of and experience with PCOR, preferred PCOR
topics, and formats for additional training and asked participants
to rank the importance of their selection using a 4-point Likert
scale: “extremely important,” “important,” “not important,” or
“not at all important.” We used a 4-point Likert scale to ensure
participants selected a nonneutral position and to reduce the
complexity of responses, given the breadth of participants from
whom we sought input [28,29]. Two questions were mandatory,
including the type of participant and interest in participating in
a follow-up discussion session, while the other questions did
not require responses to move forward. Survey features included
a “back” button allowing participants to review and change
responses. Participants also had the option to save and return
to the survey later using their specific survey link. Our
educational specialist and 4 CF community team members
reviewed and modified the survey to ensure relatedness and
understandability of questions in our target population. Surveys
were administered for 7 weeks in November and December of
2018. We collected data through Research Electronic Data
Capture (REDCap; Vanderbilt University), an encrypted and
secure, HIPAA (Health Insurance Portability and Accountability
Act)-compliant, survey database hosted by the University of
Washington ITHS [30]. The survey was in English, took
approximately 15 minutes to complete, and was voluntary. At
the end of the first survey, participants had the option to enter
personal information in a second survey if they were interested
in participating in a World Café discussion session. The second
survey with personal information was not linked to the responses
of the first survey.

Recruitment

Follow-up World Café Sessions

Our initial phase of recruitment involved reaching out to
organizations that serve the CF community and spreading the
word about the survey through multiple communication
platforms and social media channels. We contacted 4 prominent
organizations in the CF community, including the CFF, CFRI,
CFReSHC, and CF Roundtable. We also used CF community
list servers through the CFF and thus reached each of the 130
existing care teams in the United States. Once the responses
slowed to less than 1 response per week, we stopped recruitment.
We invited survey respondents who provided their contact
information to participate in 1 of 3 follow-up 1.5-hour World
Café discussion sessions.

In January 2019, we conducted 3 separate in-depth discussion
sessions to further explore survey respondents’ preferences for
PCOR training in the CF community. We structured our
discussion sessions using the World Café methodology [31].
World Café is a consensus-building community participatory
tool designed to allow several small-group conversations to take
place at separate tables, with participants systematically rotating
to different tables approximately every 20 minutes. World Café
provides a setting in which community participants discuss
diverse perspectives in order to generate new collective
intelligence [32]. World Café was selected as the method with
the understanding that the ideas gathered remain in the domain
of the participants, not with the researchers. Because of the need
for strict infection control in CF and the inability of affected
individuals to convene in a single room [33], we conducted our
World Café sessions online via videoconferencing using Zoom
(Zoom Video Communications, Inc). The online video
conferencing software allowed geographically dispersed

Patient Involvement
Within the CF community is a well-established organization
built upon PCOR principles, the Cystic Fibrosis Reproductive
and Sexual Health Collaborative (CFReSHC). Through PCORI
pilot funding, CFReSHC was established in 2016 with a team
of CF researchers, patients with CF, and reproductive
health–trained family physicians, obstetricians, and
gynecologists. The aim of this collaborative is to create and
maintain an authentic coproduction partnership [21-23]. To
accomplish this, the CFReSHC meaningfully engages patients
and other stakeholders (such as clinicians, payers, and policy
makers) throughout the research process, including the planning,
conduct, and dissemination of the research [24-26]. CFReSHC
members, including patients with CF, were involved in this and
other studies’ design, execution, interpretation of findings,
dissemination, and authoring.

Participants

Survey
We developed an anonymous 35-question online survey based
on questions from a prior needs assessment conducted through
the University of Washington Institute of Translational Health
Sciences (ITHS) Community Voices Program, which is a 5-state
program that connects community organizations with academic
https://formative.jmir.org/2021/3/e24302
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discussant participants to convene as a single large group and
in concurrent, separate, smaller group discussions.
In keeping with World Café guidelines, we started each
discussion session with a large-group 20-minute introduction
to set the context and create a hospitable space. This included
providing a project overview and reviewing the definition of
engagement and benefits of PCOR. We then broke the larger
group into 2 small-group discussions facilitated by a patient
partner–researcher/clinician dyad experienced in PCOR
methodology. One team member facilitated the discussion with
questions, while the other took detailed notes. Patients/caregiver
discussant participants met separately from researchers/health
care providers to encourage sincere feedback and to minimize
any power dynamics [34]. Each breakout room discussed their
questions for 15 to 20 minutes, with facilitators encouraging
everyone’s contribution before switching to the other breakout
room. We based topic discussion questions on the survey
findings from the 170 participants from the CF community.
Both breakout rooms discussed participants’ interests in PCOR
and motivations to encourage others to participate in PCOR. In
one breakout room, participants discussed their concerns about
participating in PCOR and likelihood of their attending trainings
with other patients or researchers. In the other breakout room,
participants discussed important topics and skills to incorporate
into PCOR training for the CF community. At the start of each
small breakout room discussion, participants were shown the
responses to the questions the prior small group discussed, so
that the new group was quickly brought up to speed on the issues
raised in the prior discussion. At the end of each discussion
session, the facilitators simultaneously reviewed the detailed
breakout sessions notes and compiled and repeated to the group
the ideas that emerged for the participants to review to ensure
all ideas discussed during their session were captured. After
each breakout room session was complete, both the
patient/caregiver and researchers/health care provider groups
were convened into a large group and asked to vote for their
top 3 responses to each theme to create community consensus
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and define priorities. Voting was chosen because it allowed the
final decision-making to remain in the hands of the participants
and created a venue for consensus building after a series of
discussions [35]. Incentives were offered to participants who
participated in a World Café session.

Analysis
Because nonresearch stakeholders have not been traditionally
part of CF research teams, we assumed the PCOR learning needs
of patients and caregivers would be similar, and thus combined
our findings for these 2 stakeholder groups. Similarly, we
combined the findings of the researchers and health care
provider groups as well.

Survey
We analyzed complete survey data using descriptive statistics
to compare and contrast frequencies of responses between
participant groups.

Follow-up World Café Sessions
We took the top 4 ideas within each theme as indicated by
simple majority vote as priorities for a future PCOR training
program. Quotations from the World Café discussion notes
provided examples to illustrate and clarify priority areas.

Results
At the time of survey closure, we had a total of 170 responses.
Among the respondents were 96 CF patients and caregivers,
and 74 researchers, research staff, and health care providers, all
of whom completed the online survey, with 22 participating in
the follow-up World Café discussion sessions. We included all
participants in the analysis.

Survey
More than half (52/96, 54%) of patients/caregivers and 86%
(64/74) of researchers/health care providers had heard of PCOR,
but only about one-third of both groups had ever previously
participated in PCOR (Table 1).
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Table 1. Participant roles and survey responses (N=170).
Participant role and responses

Value, n (%)

Survey participant role
Patients/caregivers

96 (56)

Providers/researchers (n=74)

74 (44)

Physician/advanced practice provider

19 (26)

Nurse

15 (20)

Othera

40 (54)

Participated in 3 discussion sessions (n=22)
Patients/caregivers

12 (55)

Providers/researchers

10 (46)

Previous experiences with PCORb
Participants who had heard of PCOR

116 (68)

Patients/caregivers

52 (54)

Providers/researchers

64 (86)

Participants who had participated in PCOR

57 (34)

Patients/caregivers

34 (35)

Providers/researchers

23 (31)

a

Other provider/researcher roles included dietitians, respiratory therapists, psychologists, mental health coordinators, social workers, researchers, and
research coordinators.
b

PCOR: patient-centered outcomes research.

Almost 86.5% (147/170) of all respondents were interested in
participating in PCOR. Before participating in PCOR,
patients/caregivers wanted to understand more about
expectations of them as partners on PCOR research teams
(82/96, 85%; Table 2). Researchers/health care providers, in
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contrast, wanted to hear more about how to include outcomes
important to patients/caregivers (55/74, 74%) and the quality
and impact of PCOR research (52/74, 70% and 51/74, 69%,
respectively; Table 2).
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Table 2. Participant ratings of what to learn before engaging in patient-centered outcomes research.
Participant responses by role

Rating (N=170), n (%)
Extremely important

Important

Not important

Not at all important

What the expectations areb

82 (85)

11 (11)

0 (0)

0 (0)

The benefits to you or your child

60 (62)

28 (29)

3 (3)

3 (3)

How to share your expertise

59 (61)

29 (30)

6 (6)

0 (0)

How to partner with researchers

52 (54)

40 (42)

2 (2)

0 (0)

How to establish open communication 61 (64)

30 (31)

2 (2)

1 (1)

Patients/caregiversa

Researchers/providers
How to include PCORc outcomes

55 (74)

18 (24)

1 (1)

0 (0)

The quality of PCOR

52 (70)

19 (26)

2 (3)

0 (0)

The impact of PCOR

51 (69)

21 (28)

1 (1)

0 (0)

33 (45)

39 (53)

2 (3)

0 (0)

How to identify PCOR research topics 48 (65)

23 (31)

3 (4)

0 (0)

How to design a PCOR study

34 (46)

7 (9)

0 (0)

How to navigate IRB

a

d

32 (43)

Two missing values are from respondents misclassified as researchers/providers who did not receive these questions.

b

One missing value is from a participant who did not respond.

c

PCOR: patient-centered outcomes research.

d

IRB: institutional review board.

Desired PCOR training topics and training format differed
between the patient/caregiver and researcher/health care provider
groups (Figure 1). Patients/caregivers were most interested in
learning about the time commitment as a PCOR team member
(75/96, 78%). Researchers/health care providers wanted to
equally receive training about how to establish trust (47/74,

64%) and maintain confidentiality (47/74, 64%) when patient
or caregiver partners are on the PCOR team. The majority of
patients/caregivers wanted to learn about PCOR using online
interactive sessions (80/96, 83%), whereas researchers/health
care providers preferred to have training at their CF center
(54/74, 73%) or as a webinar (51/74, 69%; Table 3).

Figure 1. Desired topics to address in patient-centered outcomes research (PCOR) training by participant type.
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Table 3. Session format preferencesa.
Format

Patients/caregivers (n=96), n (%)

Researchers/providers (n=74), n (%) Total (N=170), n (%)

69 (72.0)

51 (68.9)

120 (70.6)

Onsite training at your CF center

44 (45.8)

54 (73.0)

98 (57.6)

Online training

80 (83.3)

46 (62.2)

126 (74.1)

Self-directed learning

73 (76.0)

43 (58.1)

116 (68.2)

Webinar
b

a

Formats that participants indicated they were “likely” to participate in.

b

CF: cystic fibrosis.

Follow-up World Café Sessions
We categorized the top 4 concerns about participating in PCOR
by patients/caregivers and researchers/health care providers into
2 separate categories (Table 4).

Concerns About Participating in PCOR
Participants were concerned about ensuring PCOR groups have
a diverse representation of patient partners and that everyone
on the PCOR team would have a clear idea of their role. Other
priorities to address included overcoming the existing power
dynamic that exists between patients/caregivers and
researchers/health care providers, defining roles, and keeping
patient partners engaged throughout the research process.
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Topics and Skills to Include in a PCOR Training
Program
The top 4 topics and skills to include in a PCOR training
program for the CF community included the illustration of good
PCOR team dynamics (Table 4). For example, participants
discussed solutions to this recommendation to include tips such
as icebreaker games and team building exercises to help level
the hierarchy and allow team members to get to know each
other. Other topics participants indicated for a PCOR program
included teaching members of the research team how to
genuinely appreciate contributions of patient partners and other
stakeholders as well as how to construct a transparent process
and create a shared language. Participants thought that providing
these tips in a reference manual would be important.
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Table 4. Top 4 priorities related to concerns about engaging in PCOR and PCOR training topics and skills from World Café discussion sessions.
Issue

Quotation to illustrate issue (source)

Top concerns about engaging in PCORa
How to engage a representative group of patients

“The families who are able to partner with us may represent a more resourced family. Participants that need the most support may be unable to
participate.” (researcher/healthcare provider, discussion session 3)

How to create defined roles for patients/caregivers

“[It’s important for patients to have] a defined role. Sometimes it is not
clear to patients why [they] are there and what [they’re] supposed to be
doing.” (patient/caregiver, discussion session 1)

Level the team hierarchy

“Clinicians often can’t really figure out where the patient fits in. Patients
often defer to the clinicians because they don’t have the confidence to
speak up.” (researcher/health care provider, discussion session 1)

How to retain patients as team members throughout the research
project

“Making sure [patients’] role is meaningful, integral and acknowledged.
Make sure it isn’t tokenism. Inviting patients into initial study planning
but not including them in later study design or data analysis or acknowledging them in research products [is tokenism].” (patient/caregiver, discussion session 2)

Top priorities for a PCOR training program
Provide examples to explain PCOR

“[A PCOR 101 training program should include] a combination of personal
testimony, to get investigators engaged, and a nuts and bolts manual to
refer to after the training is over.” (researcher/provider, discussion session
1)

Teach how to appreciate all PCOR team members

“Help providers understand that patients are the experts in their own story.”
(patient/caregiver, discussion session 3)

Demonstrate how to construct transparency

“[There is] suspicion in the community because there is no feedback loop
and no sustained benefit from coming to the table.”
(patient/caregiver, discussion session 3)

Create a shared language

a

“[Training] should be done jointly. [I worry] about medical jargon used
by medical personnel, but patients know much of that too. [A joint training
session] will open up a dialog—doctors would actually hear patient concerns.” (patient/caregiver, discussion session 2)

PCOR: patient-centered outcomes research.

Training Logistics
Across all 3 discussion sessions, most participants (4/5, 80%;
3/5, 60%; 7/9, 77%) thought the 2 separate learner groups
(patients/caregivers and researchers/providers) should be trained
together to mimic PCOR, with patients and researchers/health
care providers working as equal members of the research team.
They also thought that these 2 learner groups may have specific
learning needs for which training could take place separately,
such as patients/caregivers needing to learn basic research
concepts and researchers/providers needing to learn skills on
group facilitation and creating an inclusive working
environment. Only 5% (1/19) thought each learner group should
be trained entirely as separate groups.

Discussion
Principal Findings
We performed this educational needs assessment as a first step
in designing a PCOR training program for the CF community.
The majority of respondents reported being interested in
participating in PCOR. Most participants desired joint
patient/caregiver and research/provider learning sessions, except
in cases where each group had unique learning needs such as
https://formative.jmir.org/2021/3/e24302
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RenderX

training patients in research fundamentals. Respondents
acknowledged that there is currently no formal PCOR training
and that such a training program would fill a methodological
need for the CF community.
Training priorities expressed by our participants were similar
to prior research [14,17]. In our study, both patient/caregiver
and researchers/providers wanted to know how to partner with
one another, indicating the importance of creating an
engagement strategy. In the qualitative study of diverse PCOR
team members, Lavallee et al [14] notes that depending on the
level at which patient and other stakeholders participate on the
team (ie, collaborator vs consultant), researcher training should
include tips about taking additional time to build trust, clarifying
roles, and ensuring that patient input is not limited once the
patient agrees to participate. PCOR training for patient partners
conducted by NORD similarly devoted 2 sessions to outlining
patient engagement throughout the research project and
emphasizing the importance of defining roles by using case
examples from rare diseases, including CF [17]. These training
sessions included team dynamics such as transparency,
bidirectional learning, and developing a structure for
collaboration [14,17], which were also highlighted by our World
Café participants. Our follow-up World Café discussions
emphasized the importance of providing training that shows
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“how” to partner with one another, similar to how the University
of Maryland has used experienced PCOR mentors for new
PCOR teams [15]. PCOR guidelines developed by the American
Thoracic Society (ATS), a professional organization to which
many CF specialists belong, also touch on supporting new
PCOR teams with “how” to do PCOR by recommending that
researchers create a mechanism in which to share lessons with
one another [36].
Building upon prior research, our finding highlighted concerns
about apparent hierarchical issues that exist between
clinicians/researchers and patients in the CF community. The
ATS guidelines suggest the importance of teams developing
processes in which perspectives are balanced to help reach
consensus and fostering a collaborative spirit from the start,
thus mitigating hierarchy [36]. Through our literature review,
we found that PCOR teams that were deemed to be successful
included members with excellent facilitation and communication
skills and incorporated evidence-based strategies to achieve the
teams’ aims and outcomes [11]. Similarly, a mixed methods
study of PCORI pilot project awardees found that successful
PCOR teams require strong relationships between members,
engagement expertise, and institutional leadership that supports
PCOR [37]. A separate qualitative study consisting of a large
hospital research collaborative also stressed the importance of
building supportive environments between patients, families,
and researchers [38]. Despite not being specifically mentioned
by our participants, a number of articles underscore the
importance of including financial support for researchers
specifically to build and maintain PCOR teams [37,39].
The CF community is well positioned to build capacity in
PCOR, and even prior to the era of COVID-19, people with CF
were well versed in engaging online. This study successfully

Godfrey et al
demonstrates the ability to incorporate community engagement
and mixed methods research virtually. Additionally, previously
mentioned, many people with CF and their caregivers are
already active in stakeholder-sponsored research events through
patient advocacy organizations such as the CFF and CFRI. The
CFF currently trains and onboards new patient partners and
family members in clinical quality improvement work. In
organizations like the CFReSHC, patients with CF are
self-stewards of research proposal ideas, and they partner with
academicians, stakeholder organizations, and health care
providers as equals on research teams. The members of the
CFReSHC are both willing and well situated to assist research
teams new to PCOR with coaching and guidance as needed.

Limitations
There were several limitations to this study. Due to our
community-wide recruitment, we are unable to report our actual
response rate. Rather, our findings are limited to a convenience
sample and may not be representative of the learning needs or
desires of everyone in the CF community. Additionally, our
World Café discussion group participants were limited to those
who responded to the survey. We do not believe this was a
critical flaw because the survey opportunity likely helped build
rapport with the researchers and allowed us to select participants
who were eager to reflect on various issues in PCOR [40].
Follow-up questions to further assess learning gaps are needed
to further confirm our findings.

Conclusions
The majority of respondents in the CF community are interested
in PCOR. A PCOR training program would fill a current
methodological research gap in the CF community. The results
of this needs assessment were used to create a pilot PCOR
training program for the CF community.
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Abstract
Background: The COVID-19 pandemic has affected the response capacity of the health care workforce, and health care
professionals have been experiencing acute stress reactions since the beginning of the pandemic. In Spain, the first wave was
particularly severe among the population and health care professionals, many of whom were infected. These professionals required
initial psychological supports that were gradual and in line with their conditions.
Objective: In the early days of the pandemic in Spain (March 2020), this study aimed to design and validate a scale to measure
acute stress experienced by the health care workforce during the care of patients with COVID-19: the Self-applied Acute Stress
Scale (EASE).
Methods: Item development, scale development, and scale evaluation were considered. Qualitative research was conducted to
produce the initial pool of items, assure their legibility, and assess the validity of the content. Internal consistency was calculated
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using Cronbach α and McDonald ω. Confirmatory factor analysis and the Mann-Whitney-Wilcoxon test were used to assess
construct validity. Linear regression was applied to assess criterion validity. Back-translation methodology was used to translate
the scale into Portuguese and English.
Results: A total of 228 health professionals from the Spanish public health system responded to the 10 items of the EASE scale.
Internal consistency was .87 (McDonald ω). Goodness-of-fit indices confirmed a two-factor structure, explaining 55% of the
variance. As expected, the highest level of stress was found among professionals working in health services where a higher
number of deaths from COVID-19 occurred (P<.05).
Conclusions: The EASE scale was shown to have adequate metric properties regarding consistency and construct validity. The
EASE scale could be used to determine the levels of acute stress among the health care workforce in order to give them proportional
support according to their needs during emergency conditions, such as the COVID-19 pandemic.
(JMIR Form Res 2021;5(3):e27107) doi:10.2196/27107
KEYWORDS
SARS-CoV-2 virus; COVID-19 outbreak; medical staff; acute stress; moral injury; posttraumatic stress; COVID-19

Introduction
From the beginning of the COVID-19 pandemic, the rate of
reproduction, lethality, and social alarm that accompanies
SARS-CoV-2 [1,2] poses a challenge to health systems in all
countries. The impact of the COVID-19 pandemic has been
devastating for infected and uninfected patients and societies,
as well as for the health care workforces who have been
considered second victims of SARS-CoV-2.
Although we have more information about the new coronavirus
and health institutions are now more capable of responding to
patients’ needs, this was not the case at first. At that time, in
addition to the initial clinical uncertainty, the shortage of
equipment, and the difficulties in maintaining the supply chain,
there were constant changes in instructions, the interruption of
all nondelayable care, and the experience of isolation of admitted
patients, who died alone in more cases than could be admitted.
At that time, there was a perception that the uncertainty about
COVID-19 patients’ evolution, care pressure, and lack of means
affected the emotional balance of health professionals. The most
observed responses were related to acute stress, moral injury,
and compassion fatigue [3-6].
The Spanish health system, in particular, has been overwhelmed
by the number of patients with COVID-19; during the first wave
of the outbreak, as of May 26, 2020, there had been 236,259
cases and 27,117 deaths. In addition, 20.4% of COVID-19
patients were health professionals [7]. At that time, the physical
and mental effort involved in caring for patients with COVID-19
has caused acute stress, compassion fatigue, and other affective
pathologies, which, together with psychosomatic reactions, have
affected work morale [4,8,9]. Integrated care has been
jeopardized. Health care professionals have been reassigned to
areas where they have no expertise or preparation, protocols
have been made overnight and are continuously changing, and
continuity of care was interrupted at all levels. Under these
conditions, health care has been compromised [10]. Moreover,
a significant proportion of these professionals were at risk, since
most were reluctant to seek help to face affective and anxiety
disorders [11].
In these circumstances, the priority was to offer supporting tools
to frontline health care providers, including resources they could
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access to support them in their feelings of being overwhelmed
and down. These resources had to be a quick response to the
needs identified in informal conversations and in the proposals
and experience of leading professionals in organizations who
demanded support to deal with everyday stressful situations.
Within this framework, the project Be+ against COVID
emerged, given a reluctance by health care providers to request
support; the idea was to develop a self-assessment tool to
measure acute stress levels adjusted to the experiences that the
professionals described having lived.
The aim of this study was to show the design and validation
process of a self-applied acute stress scale for people who
worked in the direct care of patients with COVID-19 during the
early period of the outbreak; this scale is called the Self-applied
Acute Stress Scale (EASE). This instrument focused on
facilitating awareness of the level of stress endured by health
care professionals; the instrument would then be used to assess
the impact of organizational changes in health care systems on
coping with the acute stress caused by (1) the limited resources
available to treat patients during the early period of this
pandemic, (2) uncertainty about the appropriate treatment of
COVID-19 patients, (3) the risk of becoming infected in the
course of care, and (4) the interrupted care for non-COVID-19
patients. As a result, this could contribute to secondary
prevention of emotional and anxiety responses once the critical
phase of the pandemic is over.

Methods
Overview
This study was conducted in Spain between March 20 and April
19, 2020, and coincided with the worst moments of the first
wave of the COVID-19 outbreak. Health care providers could
complete the EASE scale on a website or via a mobile app (see
Figure 1). This study’s protocol considered the three phases to
creating a scale that were described by Boateng et al (ie, item
development, scale development, and scale evaluation) [12],
the standards and guidelines for validation practices summarized
by Chan [13], and the COnsensus-based Standards for the
selection of health status Measurement INstruments (COSMIN)
recommendations [14]. This study was approved by the Research
Commission of the Sant Joan d'Alacant University Hospital.
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The target population of this instrument was the health care
workforce, which includes physicians, nurses, and other health
care personnel. The rationale for developing a new instrument
was based on the demanding circumstances that were being
experienced during the pandemic. Another reason was to
develop a short tool, to be answered in less than 5 minutes, that
identified the problematic situations being experienced during
the early period of the pandemic by health care professionals

Mira et al
to motivate them to look for support in facing the affective- and
anxiety-related situations described. Other instruments, such as
general scales for posttraumatic stress disorder, anxiety, and
depression, were discarded due to their focus on mental health
and because they did not include items reflecting the experiences
that were observed to be more frequent during the treatment of
COVID-19 patients [12,13].

Figure 1. Flow diagram of the Self-applied Acute Stress Scale (EASE) validation process.

Definitions
Acute stress was defined as an intense, unpleasant, and
dysfunctional reaction beginning shortly after an overwhelming
traumatic event and lasting less than a month due to a
particularly stressful event. Acute stress responses may be
adaptive but, in other cases, may impact well-being over time
[15].
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Participants
A convenience sample of physicians, nurses, and other health
care personnel were recruited. The sample size was adjusted
according to the number of items (ie, maximum of 10), applying
the criterion of a minimum of 20 subjects with valid responses
per item. To preserve complete anonymity, no information on
age or experience in the workplace was requested.
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Content Validity

Criterion Validity

A pragmatic literature review of empirical articles, letters, and
reviews describing the experiences of the health care workforce
was conducted. Additionally, eight physicians, four nurses, five
psychiatrists, six psychologists, and 10 safety personnel from
10 hospitals and four health centers (Core Group) participated
in collecting information during informal interviews with their
colleagues. All of this information was grouped into categories
according to the similarity of problematic situations. In this
way, the sets of problematic situations and experiences were
mapped and grouped into two theoretical factors: affective
responses and anxiety responses (ie, content validity).

Criterion validity was determined by the scale’s ability to
discriminate between levels of acute stress over time,
hypothesizing that it would be greater in those cases with higher
care burden. We compared the EASE scale scores during two
different periods of the pandemic’s evolution—March 25 to
April 1, 2020, and April 14 to 19, 2020—which were marked
by different daily numbers of cases and deaths by COVID-19
(ie, between 800 and 900 deaths/day versus <500 deaths/day,
respectively). The data published by the Ministry of Health on
April 22, 2020, were taken as a reference.

Item Generation

To determine the impact on well-being, a consensus among
researchers was established to understand scores using four
segments: scores up to the 50th percentile, scores between the
50th and 80th percentile, scores between the 80th and 90th
percentile, and scores above the 90th percentile.

Two to three items were developed for each problem situation
by the research team considering the results of the literature
review—regarding previous SARS, Middle East respiratory
syndrome (MERS), and Ebola outbreaks and studies in progress
on the impact of the COVID-19 outbreak—and the emotional
experiences and signs of acute stress reported by professionals
in health care centers where the team members were working.
Items measuring acute stress in health care professionals were
assessed for possible inclusion. The successive approximations
method was applied. In successive consensus rounds, the items
considered most appropriate were either discarded or selected.

Face Validity and Legibility
The resulting scale was assessed by the Core Group considering
its representativeness (ie, face validity). The Core Group also
assessed the understanding of each item (ie, legibility) and the
response options on a 4-point scale.

Reliability
Internal consistency was calculated using Cronbach α and
McDonald ω. A value greater than .70 was considered
acceptable for this analysis.

Construct Validity
Confirmatory factor analysis (CFA) was used to confirm the
underlying two-factor structure, estimating several fit indices
to test which CFA model best represented the data set: the
comparative fix index, Jöreskog and Sörbom’s adjusted
goodness-of-fit index, the standardized root mean square
residual, Jöreskog and Sörbom’s goodness-of-fit index, and the
normed fit index. Additionally, we tested the hypothesis stating
that scores on the EASE scale would be higher for those
professionals working in centers located in territories with higher
mortality from COVID-19. Using the Mann-Whitney-Wilcoxon
test and linear regression analysis (ie, the Enter method), the
capacity to classify the professionals’ responses in the EASE
scale was assessed according to the number of deaths registered
in the geographical area where the health center was located
during the period from March 10 to April 19, 2020.

Translatability
The translation-back-translation method was used to ensure
language and cultural equivalence between the Portuguese and
English versions of the scale.
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Interpretability

Results
Overview
The first 228 responses from health care professionals were
included in the database and used to evaluate the scale. A total
of 42.1% (96/228) of respondents were physicians, 28.1%
(64/228) were nurses, and 29.8% (68/228) were health support
staff (ie, nursing assistants and care attendants). They mostly
worked in Madrid (66/228, 28.9%), Andalusia (50/228, 21.9%),
Valencia (40/228, 17.5%), and Catalonia (15/228, 6.6%). All
key groups were adequately represented. The subsample of
physicians was slightly overrepresented considering the
proportion of physicians on staff to nurses. The responses
originated from both territories—one with the highest and one
with the lowest incidence of COVID-19—proportional to where
the incidence of new cases of COVID-19 was high and
moderate.

Content Validity, Face Validity, and Legibility
The most relevant sources of acute stress identified from the
professionals’ experiences were constant changes in instructions,
shortage of material to avoid contagion, reduction in the number
of staff due to the risk exposure or contagion, bitter feelings
when seeing patients die lonely, fear of infecting their families,
making decisions reserved for situations of major catastrophes
with a high component of ethical conflict, and the passing away
of colleagues. These issues were represented by an initial set
of 17 possible items on the EASE scale. This number was finally
reduced to 10 items (ie, version 0 of the scale) once participants
considered their representativeness and comprehension (see
Multimedia Appendix 1).

Reliability
Internal consistency values were adequate—Cronbach α=.85
and McDonald ω=.87—when all items of the EASE scale were
considered. For the affective response factor, Cronbach α=.81
and McDonald ω=.81; for the fear and anxiety factor, Cronbach
α=.73 and McDonald ω=.74.
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Construct Validity
The CFA indicated an acceptable fit to the data (see Table 1
and Figure 2). Two factors explaining 55% of the variance were
confirmed by CFA. The first factor measured affective responses
and the second factor measured fear and anxiety responses.
Global scores ranged from 3 to 30 (see Table 2). They were
higher among professionals working in health services that
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accumulated a higher number of deaths (mean 10.6, 95% CI
9.5-11.7 vs mean 8.2, 95% CI 6.5-9.9; P<.05). This tendency
was also observed in the scores for the two-solution factors
(affective responses: mean 6.3, 95% CI 5.6-7.9 vs mean 4.9,
95% CI 3.7-6.1; fear and anxiety responses: mean 4.3, 95% CI
2.8-4.8 vs mean 3.2, 95% CI 2.4-4.0). Lethality rate was
positively related to the EASE scale scores (β=1.07, 95% CI
1.00-1.15; P<.05) (see Table 3).

Table 1. Confirmatory factor analysis to determine fit to the data.
Goodness-of-fit index

Value

Absolute adjustment rates
Standardized root mean square residual

0.06

Jöreskog and Sörbom’s goodness-of-fit index

0.92

Jöreskog and Sörbom’s adjusted goodness-of-fit index

0.90

Relative adjustment rates
Normed fit index

0.90

Comparative fit index

0.93

Figure 2. Path diagram of the confirmatory factor analysis. Standardized weights and measurement errors of each item of the Self-applied Acute Stress
Scale (EASE). CFI: comparative fix index; GFI: goodness-of-fit index; RMSEA: root mean square error of approximation; V1: I can’t help but think
of recent critical situations. I can't get out of work; V2: I have completely lost the taste for things that gave me peace of mind; V3: I keep my distance,
I resent dealing with people, and I'm irascible even at home; V4: I feel that I am neglecting many people who need my help; V5: I have difficulty
thinking and making decisions, I have many doubts, and I have entered a kind of emotional blockage; V6: I feel intense physiological reactions (shock,
sweating, dizziness, shortness of breath, insomnia, etc) related to the current crisis; V7: I feel on permanent alert. I believe that my reactions now put
other patients, my colleagues, or myself at risk; V8: Worrying about not getting sick causes me a strain that is hard to bear; V9: I'm afraid I'm going to
infect my family; V10: I have difficulty empathizing with patients' suffering or connecting with their situation (emotional distancing and emotional
anesthesia).
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Table 2. Construct validity of the acute stress scale used among professionals caring for patients with COVID-19.
Scale item

Scale score (N=228), mean (SD), 95% CIa Loading

Factor 1: affective responses
I keep my distance, I resent dealing with people, and I am irascible even at home.

1.1 (0.9), 1.0-1.2

0.83

I have completely lost the taste for things that used to bring me peace of mind or well- 1.1 (0.9), 1.0-1.2
being.

0.72

I feel that I am neglecting many people who need my help.

0.9 (0.9), 0.8-1.0

0.71

I cannot help but think of recent critical situations. I can’t get out of work.

1.3 (0.1), 1.2-1.4

0.60

I have difficulty thinking and making decisions, I have many doubts, and I have entered 0.9 (0.9), 0.8-1.0
a kind of emotional blockage.

0.58

All factor 1 items

N/Ab

6.0 (3.9), 5.5-6.5

Factor 2: fear and anxiety responses
I have difficulty empathizing with patients’ suffering or connecting with their situation 0.7 (0.9), 0.6-0.8
(emotional distancing and emotional anesthesia).

0.48

Worrying about not getting sick causes me a strain that is hard to bear.

0.8 (0.9), 0.7-0.9

0.86

I’m afraid I’m going to infect my family.

1.3 (1.0), 1.2-1.4

0.70

I feel on permanent alert. I believe that my reactions now put other patients, my colleagues, or myself at risk.

0.9 (0.9), 0.8-1.0

0.66

I feel intense physiological reactions (shock, sweating, dizziness, shortness of breath,
insomnia, etc) related to the current crisis.

1.0 (0.9), 0.9-1.1

0.55

All factor 2 items

4.0 (2.8), 3.6-4.4

N/A

10.0 (6.1), 9.2-10.8

N/A

Total (score ranges from 3 to 30)
a

Individual scores range from 0 to 3.

b

N/A: not applicable; this value was calculated for individual items only.
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Table 3. Acute stress scale used among professionals caring for patients with COVID-19 over two periods and two geographical areas.
Scale item

a

Scale score (N=228), mean (SD), 95% CIa
First period: 800-

Second period: <500 Geographical area:

Geographical area:

900 deaths per dayb

deaths per dayb

more impactc

less impactd

I can’t help but think of recent critical situations. I can’t
get out of work.

1.5 (0.5), 1.2-1.8

0.8 (1.0), 0.4-1.2

1.4 (1.0), 1.2-1.6

1.2 (0.9), 0.9-1.5

I have completely lost the taste for things that gave me
peace of mind.

1.5 (0.5), 1.2-1.8

1.2 (1.0), 0.8-1.6

1.2 (0.9), 1.1-1.3

0.8 (0.8), 0.5-1.1

I keep my distance, I resent dealing with people, and I'm
irascible even at home.

1.6 (0.9), 1.0-2.2

0.8 (0.8), 0.4-1.2

1.2 (1.0), 1.0-1.4

0.9 (0.8), 0.6-1.2

I feel that I am neglecting many people who need my help. 1.3 (0.9), 0.7-1.9

0.8 (1.0), 0.4-1.2

0.9 (0.9), 0.8-1.0

0.8 (0.9), 0.5-1.1

I have difficulty thinking and making decisions, I have
many doubts, and I have entered a kind of emotional
blockage.

1.5 (0.9), 0.9-2.1

0.6 (0.8), 0.2-1.0

1.0 (1.0), 0.8-1.2

0.7 (0.9), 0.4-1.0

I feel intense physiological reactions (shock, sweating,
1.5 (0.8), 0.9-2.1
dizziness, shortness of breath, insomnia, etc) related to the
current crisis.

1.1 (0.9), 0.7-1.5

1.1 (1.0), 0.9-1.3

0.8 (0.9), 0.5-1.1

I feel on permanent alert. I believe that my reactions now
put other patients, my colleagues, or myself at risk.

1.6 (1.1), 0.8-2.4

0.8 (0.8), 0.4-1.2

0.9 (1.0), 0.7-1.1

0.6 (0.7), 0.4-0.8

Worrying about not getting sick causes me a strain that is
hard to bear.

1.1 (1.0), 0.4-1.8

0.7 (0.9), 0.3-1.1

0.9 (0.9), 0.8-1.0

0.6 (0.8), 0.3-0.9

I’m afraid I’m going to infect my family.

1.3 (0.7), 0.8-1.8

0.9 (1.0), 0.5-1.3

1.4 (1.0), 1.2-1.6

1.3 (1.0), 1.0-1.6

I have difficulty empathizing with patients’ suffering or
connecting with their situation (emotional distancing and
emotional anesthesia).

1.4 (1.1), 0.6-2.2

0.6 (1.1), 0.1-1.1

0.7 (1.9), 0.6-0.8

0.6 (0.9), 0.3-0.9

Total (scores range from 3 to 30)

14.3 (5.5), 10.5-18.1 8.3 (6.6), 5.3-11.3

10.6 (6.4), 9.5-11.7

8.2 (5.0), 6.5-9.9

Individual scores range from 0 to 3 and italicized values represent statistical significance: P<.05.

b

The first period was from March 25 to April 1, 2020; the second period was from April 1 to 19, 2020.

c

This geographical area was most affected by COVID-19, with a higher mortality per 1000 inhabitants, and included Madrid, Catalonia, Basque Country,
Aragon, Castile and Leon, and Valencia.
d

This geographical area was least affected by COVID-19, with a lower mortality per 1000 inhabitants, and included Asturias, Canary Islands, La Rioja,
Murcia, and Navarre.

Criterion Validity
The EASE scale score was higher in the first period (March 25
to April 1, 2020) compared to the second period (April 1 to 19,
2020), in which the number of deaths per day decreased by half
(mean 14.3, SD 5.5, 95% CI 10.5-18.1 vs mean 8.3, SD 6.6,
95% CI 5.3-11.3; P<.05) (see Table 3).

Interpretability
The following categories based on score ranges were
established: 0-9 points, good emotional adjustment; 10-14
points, emotional distress; 15-24 points, medium-high emotional
overload; and ≥25 points, extreme acute stress. Most of the
respondents were in the first range (115/228, 50.4%) and 28.9%
(66/228) were in the second. Only 2.6% (6/228) were in the
fourth bracket.

Translation-Back-Translation
The Portuguese and English versions of the scale are shown in
Multimedia Appendix 1.

Availability of Data and Materials
Data and materials are available upon reasonable request.
https://formative.jmir.org/2021/3/e27107
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Discussion
Principal Findings
The instrument designed and validated in this study has adequate
metric properties and seems useful for professionals to become
aware of their levels of stress while caring for COVID-19
patients during the pandemic. The average level of self-reported
stress was between 9 and 11 points up to 30. This level of stress
was measured during a period of unprecedented pressure while
caring for COVID-19 patients. During this period, there were
relevant organizational changes, uncertainty about the evolution
of patients, a lack of personal protective equipment, and an
increase in the number of professionals infected. It is expected
that by decreasing the pressure caused by these situations, the
emotional response of these health care professionals would
increase as they become fully aware of their experience [3,16].
This scale has been used to identify and prevent such
progression of stressful experiences among health professionals,
the second victims of SARS-CoV-2 during the pandemic. The
EASE scale has been linked to intervention measures to support
the staff who are in direct contact with COVID-19 patients,
using digital materials designed to improve psychological
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well-being [17]. This approach has been developed in several
countries in addition to Spain [18,19].
This is particularly relevant because some current data in Spain
using the EASE scale are suggesting that during the third wave,
the level of distress reported by health care professionals is
increasing up to 3 times, with 8.8% of respondents being
classified into the fourth category of scores, probably as a result
of accumulated fatigue and a feeling of starting over [5].
Therefore, caring for those who care has become a priority for
public health strategies [20,21].
Stress, hypervigilance, fatigue, difficulty sleeping, inability to
relax, and fear were common symptoms among health care
professionals at the start of the pandemic [5]. The content
validity analysis conducted in this study identified behaviors
and responses related to these symptoms; the EASE scale items
seek to assess the scale’s effect on those who provide care to
COVID-19 patients. However, although mental symptoms have
been identified, physical symptoms must also be considered
when interventions to support them are being designed [20].
The EASE scale has sufficient sensitivity; the staff in contact
with COVID-19 patients had higher levels of acute stress than
other staff, as suggested in other studies [22]. When the EASE
scale has been used in other studies, it was revealed that the
levels of acute stress were higher in the absence of personal
protective equipment, when the care pressure was greater,
among professionals in critical or emergency units, and, as in
this case, in those territories with a greater number of cases
[23,24]. Since the current situation (ie, the third wave) seems
different from the previous one, the scale’s utility in the next 3
to 6 months, after the worst of the current health crisis, should
be checked.
In previous pandemics and in cases of natural disasters
(earthquakes, tsunamis, etc), terrorist attacks with numerous
victims, air or train crashes, and war conflicts, professionals
have also experienced distress with consequences that have
lasted a while [25]. COVID-19 is not the first pandemic in recent
times. SARS-CoV in 2003 in China and Canada, MERS-CoV
in 2012 in Saudi Arabia, and the Ebola outbreak in 2014 in
several African countries, which reached Spain and other
Organisation for Economic Co-operation and Development
countries, impacted the well-being of health care professionals
[26,27]. However, the magnitude of the health crisis caused by
the COVID-19 pandemic has been more global and temporarily
more widespread than in recent previous cases. Some signs of
acute stress measured by the EASE scale are similar to all of
these situations. However, some items are specific to an outbreak
where the biological risk for professionals is present. In this
sense, the EASE scale could be used in future outbreaks to check
the level of acute stress of the health care workforce and to give
them proportional support according to their needs in these
conditions.
The rapid spread of SARS-CoV-2, coupled with the breakdown
of the supply chain, lack of equipment, and uncertainty about
how to deal with the treatment of COVID-19 patients, prompted
the need for rapid responses to the pressing problems of the
time. The EASE scale emerged at a time when the response
capacity of professionals was under threat, as they were
https://formative.jmir.org/2021/3/e27107
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physically and mentally overwhelmed and many colleagues
were becoming infected; in Spain, the number of professionals
who were COVID-19 patients in the first wave were among the
highest in the world.
The EASE scale includes four score brackets; each of them is
linked to specific recommendations to address the psychological
burden due to caring for COVID-19 patients [17]. Having a
specific instrument such as the EASE scale to monitor acute
stress during a pandemic can be beneficial for two reasons. First,
it helps professionals become aware of their situation and could
contribute to initiating self-help behaviors early on. Second,
health care organizations have a “thermometer” with which to
advise health care providers of when they should take a
mandatory rest in order to benefit patients in their care, their
colleagues, and themselves, before succumbing to the overload
they are enduring.
Now, in this crisis, these same professionals should continue
to care for patients with COVID-19, patients with sequelae from
COVID-19, and all patients whose care processes have been
interrupted during the acute phase of the pandemic. In this
scenario, if rapid action is not taken, professionals’ capacity
and, therefore, the quality and safety of patient care may be
compromised.
This scenario may be a valuable opportunity to consolidate
integrated care; now is the time to consider appropriate strategies
to introduce measures that will increase health care
professionals’ well-being at work and strengthen clinical
leadership. In addition, it is time to commit to a model such as
the Quadruple Aim of health care, which considers patient
outcomes to be dependent on how caregivers are supported.
The Quadruple Aim recognizes this focus within the context of
the broader transformation required in our health care system
toward high-value care. While the first three aims provide a
rationale for a health system [28], the fourth aim becomes a
foundational element for the other goals to be realized [29]. The
key is the fourth aim: creating the conditions for the health care
workforce to find joy and meaning in their work and improve
the experience of providing care [30]. For this reason, it seems
that “caring for the caregiver” [31] is necessary in the
transformation of the health system, and having instruments to
be able to monitor the effects of measures implemented can be
very useful; at this point in time, this aim becomes “caring for
the caregiver in times of pandemic” as a way to achieve optimal
care for patients.
A limitation of this study is that it does not discriminate between
professional categories, nor does it consider critical services
separately during this crisis, such as critical care and
resuscitation, internal medicine, pneumology, and infectious
diseases. As well, these data are limited to Spain. Although a
cultural and linguistic equivalence analysis of the scale was
made, a measurement of the invariance among languages could
be conducted in future studies. In the absence of a gold standard
to assess criterion validity, in this study the ability of the scale
to correctly classify respondents’ answers was considered.
In the forthcoming months, we can expect professionals to be
affected during the outbreak as a consequence of stress overload
[5], having seen their professional codes violated [3] due to
JMIR Form Res 2021 | vol. 5 | iss. 3 | e27107 | p.391
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insufficient resources to care for COVID-19 patients,
contradictory instructions, or the interruption in the continuity
of care of non-COVID-19 patients. Also, we can expect an
increase of affective and anxiety reactions and symptoms,
including, in some cases, posttraumatic stress among the
professionals who saw their health and that of their loved ones
threatened [32,33]. Continuing to monitor acute stress levels
may be advisable in order to check on the effective recovery of
health care professionals, which implies that the health of the
population will continue to be adequately cared for.
Most probably, the initial impact due to the conditions in which
the treatment of patients was carried out (ie, lack of equipment,
lack of guidelines, overloading , and fear of contagion) is not
related to the current experience of the health care providers.
The recovery of professionals’ health, teamwork, and workers’

Mira et al
morale in health care organizations, particularly where the
deceased include professionals from the team itself, will
probably require specific and wide-ranging actions. Actions
that promote a positive dynamic within the health care teams
are more likely to be successful [5], for example, by reflecting
on how they have acted, what has worked, and what could have
been done differently [34-36].

Conclusions
The EASE scale has been shown to exhibit adequate metric
properties, such that it may be considered a reliable and valid
scale. Its usefulness is two-fold: firstly, to help professionals
become aware of their emotional overload and that it can be
supported and, secondly, to measure the effect of this overload
to avoid the progression toward more severe psychopathological
conditions.
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Abstract
Longitudinal, natural experiments provide an ideal evaluation approach to better understand the impact of built environment
interventions on community health outcomes, particularly health disparities. As there are many participant engagement challenges
inherent in the design of large-scale community-based studies, adaptive and iterative participant engagement strategies are critical.
This paper shares practical lessons learned from the Physical Activity and Redesigned Community Spaces (PARCS) study, which
is an evaluation of the impact of a citywide park renovation initiative on physical activity, psychosocial health, and community
well-being. The PARCS study, although ongoing, has developed several approaches to improve participant engagement: building
trust with communities, adapting the study protocol to meet participants’ needs and to reflect their capacity for participation,
operational flexibility, and developing tracking systems. These strategies may help researchers anticipate and respond to participant
engagement challenges in community-based studies, particularly in low-income communities of color.
(JMIR Form Res 2021;5(3):e18591) doi:10.2196/18591
KEYWORDS
community-based; participant engagement; natural experiment; built environment intervention; health disparities; study adaptations

Introduction
Given the projection that obesity prevalence among US adults
will rise to 49% by 2030 [1] and the many health problems
associated with obesity [2], obesity and physical inactivity
continue to be major public health issues [3-5]. Black and
Hispanic communities in the United States have higher rates of
obesity and physical inactivity and are disproportionately at
risk of associated, myriad health issues [6-9]. Compared with
non-Hispanic White adults (37.9%), both Hispanic adults of all
races (47.0%) and non-Hispanic Black adults (46.8%) have a
higher prevalence of obesity [10]. Among women, increased
https://formative.jmir.org/2021/3/e18591
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income and educational attainment are associated with decreased
obesity prevalence [11]. Fewer Hispanic adults of all races
(21.3%) and non-Hispanic Black adults (20.1%) met the 2008
Federal Physical Activity Guidelines compared with
non-Hispanic White adults (25.6%) [12]. Given the complex
drivers fueling the obesity epidemic and the entrenched social
and environmental causes of health disparities, a strategic range
of interventions tailored to diverse communities is critical to
effectively address obesity, physical inactivity, and the
associated health disparities in the United States [13].
Existing research has found associations between obesity
prevalence and physical activity behaviors and many aspects
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of the built environment, including land use mix, connectivity
[14], access to parks, and food retail options [15]. Inequities in
the built environment may contribute to socioeconomic and
racial disparities in obesity and physical activity. A nationally
representative cohort study found that census blocks of lower
socioeconomic status and a large proportion of minoritized
residents had less access to physical activity facilities, which
in turn was associated with increased overweight and decreased
levels of physical activity [16]. As a result of institutional
racism, longstanding racial residential segregation is a driving
force of this type of inequitable distribution of and access to
resources, with negative impacts on socioeconomic status (SES)
and health outcomes [17].
With the potential to reach a large number of people and
promote sustainable behavior change, built environment
interventions offer a promising approach to prevent and reduce
obesity [15,18]. For example, some park renovation
interventions have positively impacted residents’ physical
activity behaviors [19,20]. As obesogenic built environment
features are more prevalent in lower-income neighborhoods and
neighborhoods with large communities of color, built
environment interventions can contribute to addressing racial,
ethnic, and socioeconomic disparities in prevalence of obesity
and levels of physical activity [16,21-23]. However, much of
the limited, existing research on built environment interventions
has used cross-sectional study designs and lacks a focus on
communities of color or lower SES communities, suggesting a
need for more rigorous study designs to provide higher quality
evidence [24] and to better understand the potential impact of
built environment interventions over time, especially in
lower-income neighborhoods or communities of color
[15,25,26].
The limited evidence base is, in part, due to challenges in
evaluating built environment interventions. The potential of
built environment interventions lies in their ability to shift daily
habits and behaviors [27]; however, it can take time to measure
and detect the impact of these everyday behavior changes on
the health of the residents. Although longitudinal studies,
especially randomized controlled trials, are ideal to examine
the impact of built environment changes over time, this is not
always possible in the real-world context [15]. Natural
experiments are an appropriate method for evaluating policy or
large-scale changes such as built environment interventions
[24,28] but they are often difficult to implement rigorously.
Systematic reviews of naturally occurring experiments
evaluating the impact of policy and built environment changes
on obesity highlighted the need to provide sufficient follow-up
time and collect data at multiple time points to provide a more
valid measurement of potential changes [15,24].
As two of the major challenges to rigorous, longitudinal natural
experiments are participant recruitment and retention [29],
effective participant engagement strategies and well-run study
operations are key elements to ensure the study’s success. There
are many potential impediments to enrolling participants in a
large-scale longitudinal study and successfully following up
with them. Potential participants must be willing to commit to
participating over a long period and anticipate continuing to
meet the study eligibility criteria. Throughout the study, some
https://formative.jmir.org/2021/3/e18591
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participants may lose interest or experience study burn out,
whereas others may move or change their contact information
without informing the research team [30]. Additional barriers
emerge in communities of color and low-income communities.
Mistrust of medical professionals and fear of exploitation have
been identified as challenges in recruiting participants of color
in the United States [31,32]. For low-income individuals of
diverse racial and ethnic identities, competing demands are a
major barrier and, in general, the burden of participation is much
higher for low-income individuals than for higher-income study
participants [31,32]. Owing to these challenges, iterative
participant engagement strategies and operational flexibility to
keep participants involved become critical to the success of the
study, as high attrition can increase the risk of bias and impact
study validity [30,33]. The growing interest and increasing body
of literature exploring effective participant engagement and
retention strategies reflect this importance [31,34,35].
Given the dynamic nature of longitudinal studies, research
teams’ participant engagement strategies may change frequently
to adapt to participant and study needs. Research teams’
documented engagement protocols, which are created either for
internal use or for institutional board review, do not always
reflect these adaptations and the full range of strategies actually
used by a research team [33]. A review of studies with high
participant retention found that research teams iteratively
adapted and tailored engagement strategies throughout the life
of the study based on the specific needs of participants and that
this process was rarely documented [33]. Successful participant
engagement strategies are often labor-intensive, including
substantial in-the-field tracking, and iteratively translate insights
from researchers and participants into protocol adaptations
[31,36]. This paper, presented as a practical viewpoint from the
field, seeks to document insights learned from the Physical
Activity in Redesigned Community Spaces (PARCS) study
regarding adaptive participant engagement strategies in a natural
experiment evaluating changes to the built environment. These
insights demonstrate the diverse range of strategies and the
related operational flexibility that research teams can deploy to
effectively engage participants, particularly from low-income
communities and/or communities of color, in longitudinal
studies.

PARCS Study Background
The PARCS study is a longitudinal, natural experiment
evaluating the impact of the Community Parks Initiative, an
equity-based renovation initiative by the New York City
Department of Parks and Recreation (NYC Parks), on residents’
physical activity, mental health, and community well-being.
The Community Parks Initiative renovations focus on
neighborhood parks that had not received significant capital
investment in the past two decades and met two of the following
three criteria: above average population density, above average
percentage of residents living below the federal poverty line,
and recent population growth. Control parks were matched
based on neighborhood demographic characteristics and met
the Community Parks Initiative inclusion criteria but were not
slated for renovation during the study timeline. The full research
protocol has been published elsewhere [37]. This study was
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approved by the City University of New York Institutional
Review Board. All participants provided informed consent
before their inclusion in the study.

accelerometer distribution, monitoring participant engagement
strategies, and tracking adherence metrics to monitor progress
toward study goals.

Baseline data were collected from June 2016 to August 2018,
with the initial goal of recruiting approximately 1700
participants. For most study sites, the second wave of data
collection occurred 2 years after baseline data collection and
wave 3 occurred 3 years after baseline. However, due to changes
in the park renovation timelines, the second wave of data
collection took place 3-4 years after baseline in the selected
sites. Although many studies experience more difficulty
recruiting control participants compared with intervention
participants, this has not been the case in the PARCS study.
Although information about parks included in the Community
Parks Initiative is publicly available, PARCS study participants
were not explicitly told the study arm of their neighborhood
site to minimize potentially influencing participants’ park use
behaviors, and the preliminary average number of participants
per study site at baseline was similar in the intervention and
control sites (approximately 30 participants per site). In a
preliminary baseline sample, 54.2% of participants reported an
annual income of ≤US $20,000, and the majority were identified
as Hispanic of any race (43.1%) or non-Hispanic Black (49.5%)
[38]. As follow-up data collection is ongoing, retention rates
are not yet known.

The PARCS study methodology is a response to the call for
more rigorous study designs to generate stronger evidence
regarding the relationship between built environment
interventions and health behaviors and outcomes. As the
included park renovations mainly occur in lower-income
communities of color throughout New York City, the study
further aims to generate evidence about the relationship between
built environment interventions and health equity. Due to the
long timeframe and a focus on low-income communities and
neighborhoods where a majority of residents are people of color,
the PARCS study team has encountered many of the previously
reported challenges of successfully engaging participants [33].
Throughout the process, the research team attempted to respond
by adapting diverse participant engagement and operational
management strategies.

All participants lived within 0.3 miles from one of the 54 study
parks (33 intervention parks and 21 control parks). The study
included two cohorts: an adult-only cohort and a parent-child
dyad cohort in which a primary caregiver and a child aged
between 3 years and 8 years were enrolled together. Participants
agreed to wear an accelerometer for at least 10 hours per day
over a 7-day period to measure both physical activity and
sedentary behavior. Over the same 7-day period, adult
participants used the PARCS study app to respond to a survey
with questions on a range of psychosocial and community
well-being measures. Through the study app, participants also
responded to brief real-time ecological momentary assessment
surveys regarding park use. Using mobile geographic
information system-enabled technology, the PARCS study app
geofenced each study park and recorded participants’ usage of
study parks. Field staff referred to as project coordinators were
responsible for participant recruitment, implementing
engagement strategies, distributing study materials, following
up with participants, and providing a community-level interface
for the study. Three project managers were responsible for
overseeing field staff, coordinating site scheduling and
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Study Adaptations in Participant
Engagement and Operational Flexibility
It is critical to employ both external (ie, participant and
community focused) and internal (ie, within the research team)
strategies to optimize participant engagement. Looking outward,
it is key to have iterative, responsive strategies that directly
engage with participants and support participants’ continued
involvement in the project. It is equally important to have
internal, project, and staff management strategies that are
adaptable, clear, and synergistic. On the basis of assessing
protocol changes to date and tracking the adaptations’ efficacy
when feasible, the PARCS study team’s approach to participant
engagement has centered on the following four dimensions: (1)
building trust with communities, (2) adapting the protocol to
meet participant capacity, (3) establishing operational flexibility,
and (4) developing tracking systems. The PARCS study team
identified these priority dimensions based on the key themes
that emerged repeatedly throughout the study in discussions
with the investigator team and study staff and that encapsulated
the most pressing participant engagement and operations
challenges. These priority dimensions also reflect previous
research on the importance of developing trust with communities
[31,32], having flexible operational structures to solicit feedback
from staff and implement rapid protocol adjustments [31], and
developing a consistent study identity [33,34]. Table 1 provides
a summary of all strategies and the hypothesized impact.

JMIR Form Res 2021 | vol. 5 | iss. 3 | e18591 | p.398
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Ferris et al

Table 1. Summary of participant engagement strategies.
Methods and strategies

Hypothesized impact

Dimension 1: building trust with communities
Creating added value
•
•

Regular social media content (eg, Instagram, Facebook)
•
Monthly touchpoints (birthday and holiday cards, pulse surveys,
raffles, and photo contests)
•

Participants feel part of a community with shared values and
mutual interest in contributing to their neighborhoods
Participants have continued opportunities to engage and feel
connected with the study community

Maintaining a professional and legitimate presence
•
•

Maximize project coordinator’s ability to quickly signal their
association with known organizations
Address verification

•
•

Participants recognize affiliated organizations and are more
likely to trust staff and believe in the project’s legitimacy and
mission
Further demonstrated validity of study and level of commitment
necessary to participate

Branding
•

Consistent branding of all materials

•

The PARCSa study becomes increasingly familiar and trustworthy within study neighborhoods

•

Participants were more likely to successfully enroll

•

Helped address recruitment challenges related to variance in
density and zoning among neighborhoods

Dimension 2. Adapting the protocol to meet participant capacity
Scheduled appointments versus rapid deployment
•

Participants were screened and enrolled at the same initial
meeting

Additional sites
•

Four additional sites were added

Supplemental sample cohort
•

A supplemental cohort was recruited at each follow-up wave of •
data collection

Helped address attrition

Dimension 3. Establishing operational flexibility
Switching from teams to one operating unit
•

Operational structure shifted from three distinct units to one
more centralized team

•

Increased operational flexibility allowed for scheduling to be
more efficiently managed by one-point person

Case management approach
•

Field staff were responsible for checking in with the participants •
they enrolled

Developed rapport and a deeper connection between participants
and the study

Reporting mechanisms
•

•

Research can adapt quickly and efficiently as issues come up in
the field

Weekly tracking of the number of participants enrolled per hour •
worked by each project coordinator and of contact attempts to
connect with returning participants for follow-up waves of data
collection

Allowed staff to address any training or site-specific enrollment
issues and provided field staff a sense of ownership and investment with the broader project goals and identify sites which
needed additional support

Establish communication channels so field staff can efficiently
report issues from the field and managers can communicate
protocol changes

Dimension 4. Developing tracking systems
Tracking enrollment and retention
•

Protocol adherence
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Methods and strategies
•

a

Weekly tracking of survey completion, accelerometer return,
and accelerometer wear adherence rates

Ferris et al
Hypothesized impact
•

Allowed staff to gauge level of participants’ engagement with
protocol, provide individualized feedback to participants, and
quickly identify any protocol adherence issues

PARCS: Physical Activity and Redesigned Community Spaces.

Dimension 1: Building Trust With Communities
Starting with the initial approach and throughout follow-up
interactions, it is critical to build trust and a respectful rapport
with participants. The PARCS study team has employed the
following methods to build and maintain trust in communities:
(1) creating added value for participants, (2) maintaining a
professional and legitimate presence, and (3) building a
consistent brand.

Creating Added Value
Given the long-term nature of longitudinal research and changes
to the built environment, there may not be an immediate benefit
to study participants. To offset this, research teams can create
an additional value add for participants. In a qualitative substudy
using key informant interviews with 20 PARCS participants to
understand their motivations for participating, many participants
identified the importance of helping their communities and
contributing to the society [39]. On the basis of these findings,
the PARCS team recognized that the most compelling
valueaddition for many participants may be the opportunity to
contribute to their neighborhoods and to be part of a community
of people with similar values. In this vein, the study team
attempted to foster a sense of community among participants,
aligned with participants’ values and motivations for
participating.
The PARCS team primarily used social media strategies to
develop this sense of community. The team posted content
weekly on the PARCS study Instagram and Facebook accounts
to build the study identity and develop an online community
specifically for PARCS study participants. Through this content,
we aimed to reflect the participants’ interest in meaningful
connections and in contributing to their communities and to
further convey the message that they found a community of
people with shared values within the PARCS study.
The research project provided additional value through monthly
touchpoints with study participants, including quarterly
newsletters, holiday and birthday cards, pulse surveys (eg, short
text-based surveys based on timely topics), raffles, and photo
contests. The monthly touchpoints were designed to help
participants feel connected to the project and to the larger
PARCS community. Just as importantly, they were designed to
involve minimal effort from the participant.

Maintaining a Professional and Legitimate Presence
With 54 sites across all five New York City boroughs and
limited recruitment time windows (2-4 weeks per site), field
staff needed recruitment materials that were easy to transport
on public transit and communication strategies, which were
effective for diverse audiences. Field staff needed to quickly
establish a reputable professional presence in the study
https://formative.jmir.org/2021/3/e18591

XSL• FO
RenderX

neighborhood. Given that residents must live within a 0.3-mile
radius of a park to be eligible, this created hyperlocalized
recruitment zones with different physical and social features.
In some study sites, field staff were able to collaborate with
local organizations within a 0.3-mile radius and recruited from
these established local community fixtures. However, most
study sites did not have this type of existing infrastructure within
the study zone. At most sites, field staff relied on street-intercept
recruitment strategies where they approached residents in key
locations to describe the study. Due to the informal nature of
street-intercept approaches, it is difficult to establish a
professional rapport and to communicate the project’s
legitimacy. Field staff reported receiving the following feedback
from potential participants: wariness to share personal
information with strangers, distrust that the study was affiliated
with a credible institution, and skepticism regarding the
accelerometers and fear of being tracked by the device.
To address these concerns, the study team developed strategies
to maximize the field staff’s ability to quickly signal their
affiliations with a known organization to legitimize the project.
The research team purchased folding tables, banners, postcards,
branded pens, and wristbands. When appropriate, the field staff
set up the table and decorated it with promotional materials.
Being able to approach community residents from an established
(if temporary) space helped community residents feel
comfortable that the study was a legitimate undertaking. Field
staff were supplied with branded PARCS study t-shirts, tote
bags, and lanyards to demonstrate their affiliations with a
well-known official organization and project. Where it was not
appropriate to use a table, field staff approached potential
participants with study flyers or postcards visible so that
potential participants could immediately see supporting
documentation.
Upon the recommendation of a staff member with ties to some
of the study communities, an optional address verification
question was added to the eligibility screener. Potential
participants were asked to verify their addresses with an ID or
mail. This was optional, and upon meeting the rest of the
eligibility criteria, participants could enroll without verifying
their address. The idea was to further demonstrate the validity
of the project by confirming this information. Many services
that people in New York are familiar with, such as Citi Bike
rentals or library services, require proof of residency. After
adding this question, 714 out of 1590 screened potential
participants and 551 out of 996 enrolled participants verified
their addresses. The enrollment rate increased from 48% to 54%
after the inclusion of the address verification question. However,
address verification did not appear to have increased survey
completion rates, as survey completion was similar between
participants who did and did not verify their address.
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Branding
Consistent branding is another key component of building trust
and establishing the project’s legitimacy. NYC Parks created a
study logo that was used on all printed materials and throughout
the study’s social media presence. Many of the printed materials
incorporated the City University of New York School of Public
Health and NYC Parks logos to communicate the study’s
affiliations to these two reputable New York City institutions.
Branded promotional materials were widely distributed in the
hope that the study brand would also become familiar and
trusted within the community. Field staff hung large banners
with study branding on study parks’ fences and distributed
branded, informational materials in community centers, New
York City Housing Authority (NYCHA) lobbies and tenant
association offices, bodegas, laundromats, schools, day care,
and libraries near study sites.

Dimension 2: Adapting the Protocol to Meet
Participant Capacity
The second critical dimension to optimize participant
engagement was the study’s commitment to adapt the proposed
protocol to meet participants’ capacity to participate. The
PARCS study made protocol adaptations as needed in the
following areas: (1) scheduled appointments versus rapid
deployments, (2) additional sites, and 3) supplemental sample
cohort.

Scheduled Appointments Versus Rapid Deployment

Ferris et al
limited potential participants to a narrow pool. The sites also
varied in terms of population density and zoning. Some study
sites primarily included high-density, public housing apartment
buildings, whereas others primarily included lower-density
single-family residences. Zoning also differed by neighborhood.
Some study sites were primarily residential, whereas others
included commercial or industrial buildings, limiting recruitment
potential. In other sites, geographic features (highways, rivers,
etc) limited the number of residential buildings within the
recruitment zone. Owing to these recruitment limitations and
the associated low enrollment numbers at a few sites and after
consultation with the study statistician, four additional sites
(three intervention sites and one control site) were added to
bolster the study sample size.

Supplemental Sample Cohort
As we anticipated that some participants would move outside
of the study zones throughout the life of the study, we
specifically recruited NYCHA residences because it is difficult
to obtain an NYCHA apartment, and the buildings typically
have a low turnover rate. We also only enrolled participants
who said they were likely to live in the same residence for the
next 4 years. Despite these precautions and accounting for some
attrition due to moving, a larger number of participants than
expected moved. Between waves 1 and 2 of the study, 183
participants in the adult-only cohort (16% of the cohort at
baseline) moved out of the study zone and were no longer
eligible to participate.

The initial study protocol required field staff to screen potential
participants to determine eligibility and schedule follow-up
appointments. At the follow-up appointment, participants would
enroll in the study, receive the accelerometer, and complete the
baseline survey in person with the project coordinator. The
in-person appointment took approximately 90 minutes. The
field staff attempted to maximize participant attendance at the
scheduled follow-up appointment by meeting at the time and
location of the participants’ choice. Field staff also reached out
to potential participants before their appointment for
confirmation. However, the rate of follow-up meeting attendance
was low and would have made it impossible to meet the study
recruitment targets on time. As increasing incentives and
appointment reminders did not increase appointment attendance,
a more substantial protocol change was required. Instead of
scheduling follow-up appointments, field staff implemented a
rapid deployment strategy where residents who met the
eligibility criteria were enrolled and received all the study
materials at the initial meeting. This strategy boosted recruitment
numbers but, as expected, also negatively impacted survey
completion adherence, as participants had the option to complete
the survey at home without a project coordinator. To mitigate
this negative impact, additional outreach, such as phone calls,
text messages, and home visits, was added to the protocol.

To maintain the sample size recruited at baseline in subsequent
waves, we adapted the protocol to recruit supplemental sample
cohorts at each follow-up wave of data collection. The study
biostatistician assisted with this decision to develop an
appropriate analysis plan. Supplemental sample participants
were required to meet the same eligibility criteria as baseline
participants. For wave 2, 28% of the adult-only cohort included
supplemental sample participants.

Additional Sites

Initially, the field staff were divided into three teams, each led
by a project manager. Each team was responsible for
recruitment, follow-up appointments, and participant follow-up
for one site at a time. The 3-team structure made it easier to
have small group meetings to discuss site-specific insights and
challenges and to share site-specific materials. However, having

Despite adaptations to recruitment protocols, it was still difficult
to achieve recruitment targets at some sites. The inclusion
criteria (especially the residency requirement of living within
a 0.3-mile radius of the study site and having a child between
the ages of 3 years and 8 years for the parent-child dyad cohort)
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Dimension 3: Establishing Operational Flexibility
For the PARCS study, the third key dimension to participant
engagement was operational flexibility and the ability to quickly
pivot as a team. Field staff needed channels to share relevant
information from the field with the management staff who had
less direct contact with the participants. In turn, management
staff needed flexibility to transform the field teams’ insights
into protocol adaptations. Furthermore, management staff
needed to communicate protocol adaptations to field staff
efficiently and be confident that the adaptations would be
systematically implemented. The PARCS study sought to
increase operational flexibility through (1) switching from teams
to one operating unit, (2) case management approach, and (3)
reporting mechanisms.

Switch From Teams to One Operating Unit
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three site-specific teams was ultimately not flexible enough to
meet recruitment needs. With small, site-specific teams, it was
not always feasible to schedule appointments with field staff
from a specific team at study participants’ preferred time and
location.
As a result, the research team restructured into one operating
unit. This gave project managers more flexibility in recruitment
coverage, which, in turn, made it easier to consistently schedule
appointments with participants at their preferred time and
location and to have sufficient staffing coverage at community
events. Having one operating unit increased operational
flexibility and made it easier to accommodate last-minute
scheduling needs, such as attending a tenant association and
meeting or picking up a participant’s accelerometer. A
centralized approach allowed one project manager to handle
scheduling, consistently addressing all scheduling needs and
ensuring adequate coverage across all active sites.

Case Management Approach
Another operational challenge was discerning the best way to
check in with study participants during their active data
collection period and afterward if the materials were not
returned. Initially, follow-up calls were made by a project
coordinator scheduled to make calls. This approach, however,
was unwieldy and did not strengthen the rapport with
participants. If a project coordinator did not take meticulous
notes, it was easy for a different project coordinator to share
redundant or irrelevant information at the next call. If
participants needed any follow-up or special attention, it was
easy for this information to get lost.
After receiving information about these inefficiencies from the
field staff, the staff switched to a case management approach.
As part of the switch to case management, when field staff
enrolled a new participant, they would indicate which one of
them would be the case manager and be responsible for
participant follow-up. The case manager was then responsible
for checking in with the participant 2-3 times over the course
of the participant’s 7-day active period via text messaging and/or
phone calls. The case manager was responsible for logging
contact attempts and taking notes. By reaching out several times
throughout the active data collection period, field staff could
remind participants to follow the data collection protocol, answer
questions, and troubleshoot any issues. This helped build rapport
between the participant and the specific field staff member who
enrolled them and thus had a face-to-face connection.

Reporting Mechanisms
By design, there are many external factors that can impact a
natural experiment but over which the research team has no
control. This makes it critical to establish mechanisms for field
staff to report issues as they emerge to project managers. This
allows project managers to make protocol adjustments to address
the problem and efficiently communicate these changes to the
field staff.
For example, in the PARCS study, field staff’s early
identification of mailing issues was critical for making effective
protocol adjustments. As part of the wave 2 data collection
protocol, field staff called returning study participants to conduct
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a brief rescreening survey and explain the wave 2 study protocol.
All study materials were subsequently mailed to participants
with a preaddressed, stamped return envelope, so that
participants could mail back the accelerometer. Some
participants reported issues with reliably receiving packages.
Other participants reported having difficulty fitting the return
envelope with the accelerometer inside their local United States
Postal Service (USPS) mailboxes. Upon discovering the latter
issue, the team learned that the USPS replaced all the street
mailboxes in New York City with a model with a thin slit
opening instead of the pull-down drawer in response to rising
mailbox theft [40]. The team tried to troubleshoot this with
different mailing materials, but the accelerometer dimensions
were impossible to fit through the new mailboxes.
In response to these concerns, we added questions to the initial
phone survey. First, the participants were asked if they could
reliably receive packages at home. If not, participants could
provide an alternate address or schedule a time to receive the
materials in person. Most participants (96%) reported that they
could receive mail at their home address reliably. The call script
was also adjusted to let participants know about the blue mailbox
design change and to ask if it was still convenient for
participants to mail back the materials or if they preferred the
materials to be picked up by a project coordinator. As 74% of
participants reported that it was still convenient for them to mail
the device (often at a nearby post office or workplace), we
scheduled individual pick-ups for 26% of participants who
requested them.

Dimension 4: Developing Tracking Systems
The last dimension essential to participant engagement has been
setting up adaptable measurement and tracking systems. It is
essential to develop and track metrics to understand whether
protocol adaptations address this concern. In addition to the
metrics provided in earlier sections, which tracked the impact
of specific protocol adjustments in real time, the team also
regularly monitored (1) enrollment and retention and (2)
protocol adherence to gauge overall progress and participant
engagement.

Tracking Enrollment and Retention
During recruitment periods, project managers tracked the
number of participants enrolled per hour worked by each project
coordinator on a weekly basis. This helped identify whether
anyone needed extra assistance with their recruitment pitch or
approach. It also helped to identify whether a site needed an
innovative approach or additional resources. A target number
of participants to recruit per hour was established, and the staff
received monetary incentive bonuses to exceed this target.
Enrollment numbers were shared on a biweekly basis to provide
frequent performance feedback, help field staff feel a sense of
ownership in the project, and provide context for how their work
supported the broader project goals.
Field staff used many approaches to connect with returning
participants during follow-up waves of data collection, including
phone calls, text messages, emails, letters, and flyers. Every
contact attempt was tracked. Although it took an average of
four contact attempts to connect with returning baseline
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participants for the second wave of data collection, the number
of contact attempts before connecting ranged from 1 to 30.
Tracking participant retention on a weekly basis helped project
managers identify the sites to prioritize re-enrollment efforts
and supplemental sample recruitment.

Protocol Adherence
Participants were asked to complete an annual survey using the
PARCS study app. During the participants’ 7-day data collection
period, project managers monitored participants’ survey
completion progress daily through the app’s data management
interface. This allowed field staff to provide individualized
feedback for participants regarding their survey progress and
gauge the extent of participant engagement with the study.
After a 7-day study period ended, the participant could no longer
access or take the survey via the app. Owing to this and
lower-than-anticipated survey completion rates, the research
team mailed a paper version of the survey with a dollar bill (as
added incentive) to participants who had not yet completed it.
In a pilot of this protocol adaptation, 31% of adult participants
at baseline who received a paper version of the survey in the
mail, completed and mailed it back to us. This demonstrates
that protocol adaptation is a useful and worthwhile supporting
strategy to maximize survey completion.
Project managers also tracked accelerometer wear adherence
and return rates on a weekly basis to further measure participant
engagement.

Conclusions
Effective participant engagement strategies are key components
of the rigorous study designs needed to further develop the
evidence base and better understand the health impacts of built
environment interventions. Effective participant engagement
practices benefit from strategic adaptations and a research team’s
ability to communicate, pivot, and iterate. The PARCS study,
although ongoing, has centered its participation engagement
strategies on the following four dimensions: (1) building trust
with communities, (2) adapting the study protocol to meet
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participants’ needs and to reflect their capacity for participation,
(3) operational flexibility, and (4) developing tracking systems.
The PARCS study’s experience with participant engagement
corroborates the best practices from other studies [30-35].
Mistrust and competing priorities emerged as barriers to
participation. The study team has frequently adapted and
experimented with different engagement strategies to address
these barriers. In addition, deploying multiple synergistic
strategies is critical to meeting participants’ varied needs
throughout the course of the study. Careful documentation and
tracking systems, where possible, have helped identify
engagement problems as they arise and determine the utility of
engagement strategies.
Most of the PARCS study’s priority dimensions have been
designed to specifically address some of the documented
participation barriers for low-income neighborhoods and
communities of color. As built environment interventions are
hypothesized to have the potential to reduce socioeconomic and
racial disparities in obesity outcomes and physical activity
behaviors, it is critical for studies to include diverse participants
to build a relevant evidence base.
A limitation of this paper is that although the research team
attempted to track the impact of engagement strategies when
possible, the tracking systems were added after the start of the
study and were not necessarily designed to formally and
empirically test the strategies. Future research studies could
consider developing tracking systems a priori so that strategies
for participant engagement and operational flexibility could be
more rigorously tested. This is a potential area for future
research.
This paper shares practical lessons about iterative, dynamic
strategies to improve participant engagement and operational
flexibility based on the experience to date in an ongoing
longitudinal study in low-income communities and communities
of color. Insights learned from the PARCS study may help other
research teams effectively anticipate and respond to participant
engagement challenges in future community-based studies.
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Abstract
Background: The development, review, and approval process of therapeutic biological products in the United States presents
two primary challenges: time and cost. Advancing a biotherapeutic from concept to market may take an average of 12 years, with
costs exceeding US $1 billion, and the product may still fail the US Food and Drug Administration (FDA) approval process.
Despite the FDA’s practices to expedite the approval of new therapies, seeking FDA approval remains a long, costly, and risky
process.
Objective: The objective of this paper is to explore the factors and gaps related to the FDA review and approval process that
contribute to process inefficiencies and complexities as well as proposed methods and solutions to address such gaps. This paper
also aims to investigate the available modeling efforts for the FDA approval process of therapeutic biological products.
Methods: A narrative review of literature was conducted to understand the scope of published knowledge about challenges,
opportunities, and specific methods to address the factors and gaps related to the review and approval of new drugs, including
therapeutic biological products. Relevant peer-reviewed journal articles, conference proceedings, book chapters, official reports
from public policy professional centers, and official reports and guidelines from the FDA were reviewed.
Results: Of the 23 articles identified in this narrative literature review, none modeled the current FDA review and approval
process structure to address issues related to the robustness, reliability, and efficiency of its operations from an external point of
view. Although several studies summarize the FDA approval process with clarity, in addition to bringing to light the problems
and challenges faced by the regulatory agency, only a few attempts have been made to provide solutions for the problems and
challenges identified. In addition, although several reform models have been discussed, these models lack the application of
scientific methodologies and modeling techniques in understanding FDA as a complex sociotechnical system. Furthermore, tools
and methods to assess the efficacy of the models before implementation are largely absent.
Conclusions: The findings suggest the efficacy of model-based systems engineering approaches for identifying opportunities
for significant improvements to the FDA review and approval process. Using this holistic approach will serve several investigative
purposes: identify influential sources of variability that cause major delays, including individual, team, and organizational decision
making; identify the human-system bottlenecks; identify areas of opportunity for design-driven improvements; study the effect
of induced changes in the system; and assess the robustness of the structure of the FDA approval process in terms of enforcement
and information symmetry.
(JMIR Form Res 2021;5(3):e14563) doi:10.2196/14563
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biotherapeutics; drug approval; drug review process; model-based systems engineering
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Introduction
Background
The introduction of new medicines and treatments into the
market is a time- and cost-consuming process that is closely
supervised and regulated to ensure the safety and effectiveness
of the products. This process takes, on average, 12 years, and
the estimated average cost of taking a new drug from concept
to market exceeds US $1 billion [1]. After significant
expenditure of the manufacturer’s time and resources, many
drugs fail to achieve approval late in the process.
Regulatory agencies, such as the European Medicines Agency
(EMA) and Health Canada, are responsible for promoting and
protecting public health in their respective geographic areas
through the evaluation and supervision of medicines for humans
before their release into the market. In the United States, these
regulatory functions fall under the responsibilities of the US
Food and Drug Administration (FDA), which is the oldest
comprehensive consumer protection agency in the US Federal
Government [2]. Factors such as expanded federal regulations,
increasing complexity of drugs and devices, and the growth of
the pharmaceutical industry have expanded the role of the FDA,
which is now one of the largest consumer safety agencies in the
world [1].
The increasingly complex regulatory environment and expenses
associated with drug development have been criticized for the
resultant lag in the release of new pharmaceuticals into the drug
market. In addition, the FDA risk aversion approach has forced
companies to go overseas and has encouraged medical tourism
[3]. A subset of advocacy groups and experts in drug regulation
and policies are demanding more rapid development, approval,
and release of new products because they consider the current
process to be risk averse, slow, and inefficient [4]. In the past,
numerous major safety incidents occurred because of drugs
released into the market with little or no regulation from the
FDA. As a result, weakening or removing FDA regulations for
pharmaceuticals is not an option [1]. However, the FDA has
created programs to facilitate the development and expedite the
approval of drugs that treat serious conditions or fill an unmet
medical need [5]. These drugs receive a fast-track designation,
which makes them eligible for (1) more frequent meetings and
written communication with the FDA; (2) accelerated approval
or priority review; and (3) rolling review, meaning that the
review application can be submitted and reviewed in sections
rather than as a complete application. In addition, the US
Congress issued the Prescription Drug User Fee Act (PDUFA)
to authorize the FDA to collect fees from applicant companies
to invest in resources to accelerate FDA review and approval
operations [6]. Despite these efforts, FDA scrutiny remains a
long, costly, and risky process, making it challenging for patients
to have timely access to potentially useful medications and
treatments [7].
As with any new drug, the FDA’s long scrutiny affects the
review and approval of new biopharmaceutical products, which
have become an important sector of the pharmaceutical industry
in the United States, the country with the largest market for
biopharmaceuticals (around 33% of the global market) [8].
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Reports from the National Science Foundation reveal that the
US biopharmaceutical sector accounts for the largest single
share of all US investments in research and development (R&D)
[8]. This fast-growing sector is in a critical position in which
therapeutic biological products represent over a third of all new
drugs in clinical trials or are awaiting approval from the US
FDA [8].
In the past, there has been a clear difference between
biotechnology industries and pharmaceutical industries;
however, this has become increasingly blurred as many
pharmaceutical industries are increasing their presence in
biopharma. These large companies have the capital to invest in
high-risk research, development, review, and licensing of new
therapeutic biological products. However, there is a relevant
sector of start-up biotechnology companies that are more
vulnerable to the high risks and uncertainties in product
development. The biopharmaceutical development process is
complex, and small companies must invest significant amounts
of capital and human resources. They assume risks in terms of
execution, safety, efficacy, and license approval during the
regulatory process. The initial financial conditions play a
significant role in the financial and strategic planning of the
start-up companies. Many of these start-up companies finance
their R&D projects by partnering with big pharmaceutical
companies or other bioscience corporate partners, securing
capital from angel investors, or obtaining government or small
business grants [9]. Large pharmaceutical companies, which
have the capabilities, operational scale, and capital, create
corporate alliances with small biotech companies with the
understanding that the larger pharmaceutical entity will have a
considerable amount of control and profits over the start-up.
Statistics show that there is a 20% likelihood for a bioproduct
to progress from the initiation of phase 1 clinical trials all the
way to market approval [9]. When partnering with a start-up,
companies, sponsors, and investors assume a large portion of
the risk and uncertainty associated with the development of the
therapeutic biological products. Although there is a risk
associated with the upfront investment in R&D and clinical
trials, estimated to be in tens of millions of US dollars, there is
also a considerable amount of risk regarding the time and cost
associated with navigating the FDA approval and licensing
process for a biopharmaceutical product [9]. In addition to the
associated time and cost complexities, there are other challenges,
some unique and others in common with any other new drug,
that characterize the release of a therapeutic biological product
into the market.

Objectives
The goal of this paper is to explore the factors and gaps related
to the FDA drug review and approval process that contribute
to process inefficiencies and complexities as well as proposed
methods and solutions to address such gaps. The focus of this
paper is to understand the constraints and challenges in the drug
review and approval process identified by researchers who
investigated FDA operations and to identify the models that
have been applied to understand, evaluate, analyze, and suggest
improvements to the FDA drug review and approval process.
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Methods
A narrative review of the literature was conducted to understand
the scope of the published peer-reviewed knowledge about
challenges, opportunities, and specific methods to address these
factors and gaps related to the review and approval of new drugs,
including therapeutic biological products.

Search Strategy
First, official reports and guidelines from the FDA official
website were retrieved to document the biotherapeutics review
and approval process. The authors familiarized themselves with
the FDA review and approval process for new drugs, including
therapeutic biological products, and identified relevant terms
for use in the search of relevant peer-reviewed journal articles,
conference proceedings, book chapters, and official sources
from public policy professional centers. Several databases
including Science Direct, ABI/Inform Complete-ProQuest,
MEDLINE (PubMed), and Google Scholar were searched using
the terms “FDA” combined with “regulation” AND “model”
AND “approval” to identify sources related to the FDA review
and approval process. In addition, the term “FDA” was
combined with “systems engineering,” “change management,”
and “quality by design” for the initial search, to identify sources
proposing models and alternative approaches to improve and
reform the FDA review and approval process.

Study Selection

Bonet Olivencia & Sasangohar
the following exclusion criteria: (1) inaccessibility to full text,
(2) not peer-reviewed (exceptions were made for articles coming
from public policy professional centers), and (3) duplications.
The remaining 1896 sources were assessed for eligibility based
on the following inclusion criteria: (1) published between 2000
and 2017; (2) included cost and time considerations; (3) included
content about the FDA review and approval process for medical
devices, drugs, and biotherapeutics, which are complex products
with a longer and generally more costly pathway for approval
in comparison with other FDA regulatory processes (medical
devices were not excluded from the search to identify work in
that area that could be applicable to the review and approval
process of drugs and biotherapeutics) [10]; and (4) included
content about the operationalization of the FDA review and
approval process. On the basis of these criteria, 41 sources were
selected for full-text review. The full-text review of the
remaining 41 sources was conducted to include sources that
were most relevant to the scope of this study: (1) understand
the constraints and challenges in the drug review and approval
process identified by researchers who investigated FDA
operations and (2) identify the models that have been applied
to understand, evaluate, analyze, and suggest improvements to
the FDA drug review and approval process. After the full-text
review, 23 sources, including peer-reviewed articles, conference
proceedings, book chapters, and articles from public policy
professional centers, were included in the narrative review
(Table 1).

The first search yielded 11,296 sources. These sources were
screened, and a total of 9400 sources were excluded based on
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Table 1. Sources included in the narrative review.
Sources (reference)

Title

Conko and Madden [7]

Administrative Law and Regulation

Das and Almonor [11]

A Concurrent Engineering Approach for the Development of Medical Devices

Alexander and Clarkson [12]

A Validation Model for the Medical Devices Industry

Tsai and Erickson [9]

Early-Stage Biotech Companies: Strategies for Survival and Growth

Rathore and Winkle [13]

Quality by Design for Biopharmaceuticals

Gernaey and Gani [14]

A Model-Based Systems Approach to Pharmaceutical Product-Process Design and Analysis

Kourti and Davis [15]

The Business Benefits of Quality by Design (QbD)

Medina et al [16]

Design for FDA: A Predictive Model for the FDA’s Decision Time for Medical Devices

Medina et al [17]

Supporting Medical Device Development: A Standard Product Design Process Model

Baylor [18]

Regulatory Approval and Compliances for Biotechnology Products

Conner et al [19]

The Biomanufacturing of Biotechnology Products

Lawrence et al [20]

Understanding Pharmaceutical Quality by Design

Aksu et al [21]

QbD Implementation in Biotechnological Product Development Studies

Briggeman et al [22]

The Proper Role of the FDA for the 21st Century

Kinch [23]

2015 in Review: FDA Approval of New Drugs

Thierer and Wilt [24]

The Need for FDA Reform: Four Models

Van Norman [1]

Drugs, Devices, and the FDA: Part 1: An Overview of Approval Processes for Drugs

Van Norman [10]

Drugs and Devices: Comparison of European and US Approval Processes

Williams [4]

Food and Drug Administration Drug Approval Process: A History and Overview

Williams et al [3]

Health Options Foreclosed: How the FDA Denies Americans the Benefits of Medical Research

Djuris and Djuric [25]

Modeling in the Quality by Design Environment: Regulatory Requirements and Recommendations for Design Space
and Control Strategy Appointment

Horner et al [26]

Process Modeling in the Biopharmaceutical Industry

Joshi et al [27]

Optimization of Ion Exchange Sigmoidal Gradients Using Hybrid Models: Implementation of Quality by Design in
Analytical Method Development

Results
Review and Approval of New Drugs
The overall timeline for the release of a new drug into the market
can be divided into 2 main phases: (1) R&D and (2) review,
approval, and licensing. The first stage of the R&D phase, which
includes preclinical trials and 3 phases of clinical trial, involves
an exchange of information between the applicant and the FDA
review board. Both parties are in communication, and after each
stage, the applicant must provide updated information to the
FDA. Even when this flow of updated information is established,
the license approval of a new drug application may take a long
time because of the prolonged FDA application review process.
According to the rules and procedures of the FDA, the review
process of a new drug application cannot start unless the
application is fully submitted. An exception is made for those
new drugs accepted under a rolling review status, where the
application can be submitted and reviewed in sections.
The review of a new drug application consists of 6 major steps
that include reviewing clinical trial results, planning and
execution of the product label, and manufacturing site
inspections. In the specific case of therapeutic biological
https://formative.jmir.org/2021/3/e14563

XSL• FO
RenderX

products, the current FDA review and licensing are regulated
following the guidelines of The Program, a review program
created by the reauthorization of the PDUFA Act in 2018
(PDUFA VI), which is valid for the duration of the current
version (until the year 2022). The Program was created with
the intention of increasing the communication and transparency
between the FDA review team and the applicant, to increase
the efficiency and effectiveness of the first review cycle. In
addition, The Program decreases the number of review cycles
necessary to approve a biologics license agreement (BLA),
which is a highly complex application [28]. These revisions
also provide additional review clock time for the agency to meet
with the applicant during review as well as to address review
activities that occur late in the review cycle [28]. According to
the timeline established in the Center for Drug Evaluation and
Research (CDER) 21st Century Review Process Desk Reference
Guide, the total estimated time for a standard review of a BLA
under The Program is 12 months, and it is 8 months for a
priority review [29]. All these efforts to expedite and streamline
the process come with a cost that is pushed to the applicant.
PDUFA VI authorizes the FDA to collect fees from companies
that submit BLAs. For example, an application including clinical
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trials may have a fee of approximately US $2.5 million dollars
[6].
In addition to the time and money constraints in the process,
the review and approval of a drug involve multiple FDA
resources and constant communication with the applicant
through phone calls, emails, and meetings. The personnel
assigned to review an application vary according to the type of
submission and product. In general, an application is reviewed
by a team of professionals from different disciplines. The review
team has to deal with the flow of not only new submissions but
also resubmissions. A company can resubmit an application to
answer all the deficiencies indicated by the FDA in the initial
review [30]. The resubmissions may put a strain on FDA’s
normal operations by sharing resources between both types of
submissions.
Other constraints and challenges have been identified by
researchers
who
investigated
FDA’s
operations
[1,4,10,18,19,23]. Van Norman [1] points out the complexity
of the approval process and emphasizes that the main challenges
for pharmaceuticals are in terms of cost and time. Similarly,
Williams [4] emphasizes the criticism and controversy that the
FDA has confronted because of the lengthy approval process
and that the FDA has been accused of conflict of interest because
of the user fees collected from sponsors and drug manufacturers
to support the drug approval process. In addition, the author
discusses critics’ claims that FDA’s operations are slower and
less efficient than that of the EMA in the European Union (EU),
even when there is little evidence available to support the
criticism [4]. Van Norman [10] compared the European and US
approval processes with the purpose of presenting their
similarities and differences as well as the perceived challenges
faced by each. His work emphasizes how both approval
processes are similar, except that the US approval process is
completely centralized, whereas the EU has 4 possible pathways
for drug approval: (1) centralized through the EMA (mandatory
for some classes of drugs, such as those used in the treatment
of oncological diseases and diabetes, among others), (2) national
(each EU state has its own procedure), (3) by mutual recognition
(drugs approved in one EU state can obtain marketing
authorization in another EU state), and (4) decentralized
(manufacturers can simultaneously apply for authorization in
more than one EU state). In addition, Van Norman [10] presents
data that weaken the claim that the FDA is significantly slower
than the EMA.
Another relevant challenge faced by the FDA is the lack of
transparency in nonpublished drug trial data. According to Van
Norman [10], this issue results in challenges associated with
the production of systematic reviews and meta-analyses that
are essential to public health and safety. Promoting information
symmetry (information equally accessible to all parts involved,
including regulators, industry representatives, and consumers)
must be a central function of the FDA. This issue suggests the
need for an assessment of the current review and approval
structure. In addition, it is necessary to investigate methods to
support individual, team, and organizational decision making
to balance the process structure in terms of enforcement and
information.
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In a similar manner, pharmaceutical quality oversight has been
a major issue that the FDA has addressed over the years,
establishing strict regulatory standards to ensure the safety and
efficacy of the products. Modeling to comply with quality
regulation standards has been another research area of interest
in the academic community. Specifically, importance has been
given to formulation and process modeling, addressing the
quality by design (QbD) concept, first introduced in 2004 as
part of the Pharmaceutical cGMPs (Current Good Manufacturing
Practices) for the 21st Century Initiative [13,25,27]. QbD assists
both the industry and the FDA in implementing a scientific
approach by targeting the desired product quality throughout
the design and development process. This is different from the
traditional quality by testing methodology as it encourages the
definition of a design space early in the process development.
The design space works as an acceptable operating range for
the critical process parameters. Changes in the process within
the design space are acceptable by the FDA. Any movement
outside the design space is considered to be a change that must
be approved by the FDA. Consequently, a regulatory
postapproval process must be initiated by the manufacturer and
submitted to the FDA for review and approval [13].
The QbD approach was implemented in other FDA review
programs before being adopted by the Office of Biotechnology
Products because of the complexity of its application in the
development and manufacturing process of biotechnology
products. Since the implementation of QbD principles for
pharmaceutical development, multiple benefits have been
identified, but certain challenges have been raised, for example,
(1) determining common terminology between the industry and
the FDA [20], (2) the provision of training programs to industry
representatives [21], (3) lack of understanding and trust among
all stakeholders involved [21], and (4) the associated costs of
implementing QbD in product development and regulatory
processes [21]. One of the major challenges in the
implementation of QbD has been to manage the surveillance of
legacy products approved before the implementation of the QbD
principles [13]. The integration of QbD into the drug
development process adds a new complete level of
interconnections and communications between the industry and
the FDA. A common understanding of QbD and the steps
involved is necessary to facilitate communication between both
parties [15,20]. Therefore, modeling and architecting the FDA
network flow structure will require addressing the inter- and
intraconnections in the drug application review process. In
addition, such modeling approaches must provide a clear
representation that leads to a common understanding of the QbD
approach, highlighting the elements relevant to the entity in
charge of the risk-based drug development process (industry)
as well as the entity responsible for reviewing and monitoring
the drug application submissions (FDA).

Modeling the FDA Regulatory Process
Models and Points of View
Most of the reviewed academic literature that modeled FDA
regulatory processes presents efforts in modeling from the
applicant’s point of view. The purpose of modeling from this
view is to enhance the chances of compliance with the regulatory
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requirements and recommendations. Most work in this area
applies to the development of medical devices, with a special
focus on design [11,12,16,17]. For example, Medina et al [17]
developed a standard product design process model to support
medical device development. Even when the work includes
FDA regulations that complement the medical device
development process, the focus is directed toward modeling the
process to comply with FDA regulations rather than addressing
the efficiency and robustness of the FDA regulatory process. A
relevant aspect of their work is the application of model-based
systems engineering (MBSE) tools to model the medical device
design and development process. Medina et al [16] applied
unified modeling language to model the relationships among
the different elements (classes) in the development process.
This research was later extended to the development of a
predictive tool to estimate the FDA decision time for medical
device approval, with the purpose of estimating the product’s
time to market [16]. The relevance of applying an MBSE
approach to the FDA approval process is because of its
suitability for analyzing complex systems as networks of
interrelated elements that include people, facilities, policies,
laws, regulations, internal and external institutions, and
technologies, among other elements. In a system as complex as
the FDA drug approval process, the application of an MBSE
approach may provide the following benefits: (1) facilitate
communication among the various stakeholders involved; (2)
provide a set of models (abstractions to manage size and
complexity) that serve as a tool to analyze the effect of changes
to the system; (3) allow compare and contrast analysis of the
as-is and to-be solutions; and (4) allow the exploration of
multiple system alternatives concurrently with minimal risk,
among other benefits [31].
A review of the available literature reveals a lack of research
on the approval process from the regulatory agency’s point of
view. In addition, only a few studies have applied modeling
approaches with direct application to pharmaceutical products
and process design and analysis [13,27]. Most research efforts
were industry-driven and directed toward the incorporation of
modeling tools into drug development and production practices,
with the purpose of enhancing the process by reducing the cost
and time to market of the products [14,26].

Reform Models and Change Management
In a stochastic system typical of the FDA, regulation procedures
can undergo changes at any time. The pressure that the FDA is
receiving to relax the scrutiny process and expedite the time to
market of critical pharmaceuticals increases the urgency to
enhance and reform the regulatory agency approval process.
Following this line of thinking, Thierer and Wilt [24] presented
a summary of 4 models to reform the FDA approval process
and change the way medical products are brought to the market.
These 4 models are flexible approaches presented under the
premise that the implementation of a comprehensive reform
would benefit both the innovators and the patients.
The first model, developed by Williams et al [3], targets the
approval of medical devices by suggesting the provision of
regulatory authority to multiple private parties that will compete
with the FDA on the price, quality, and timeliness of approvals.
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This model not only creates a competition for trust between the
FDA and the private regulatory bodies but also requires the
FDA to fulfill a new role of establishing quality standards and
good manufacturing practices that must be monitored by private
regulatory parties. As established by the authors, this reform
model can also be applied to the approval of drugs [24]. This
idea was first presented in 2000 by Henry I Miller [32], who
proposed the creation of nongovernmental drug-certifying
bodies, changing the role of the FDA from being the certifier
of products to being the certifier of the certifiers [33]. An
implementation of a model such as this will create a significant
change in the drug approval process as new stakeholders will
be integrated into the review process, whereas the FDA’s
responsibility would be limited to a higher-level review. If
analyzed as a network, this will require a new set of
interrelations and modified information flow.
The second reform model was discussed by Klein and Tabarrok
[33], the objective of which was to eliminate the FDA monopoly
on drug approval by allowing manufacturers to market their
products in the United States once they have gained approval
in other major markets, such as the EU [24,33]. The term
international reciprocity is used to refer to this approach. Similar
to the first approach, this model requires the FDA to compete
with other international regulatory agencies for the business of
drug manufacturers.
The third model presented is more in line with the perspective
of the current critics of FDA practices. The model proposes not
having to wait until further clinical trials to release a drug for
use when safety and efficacy have been demonstrated in the
initial clinical trials. A proposal which can be referred to as
free-to-choose medicine, developed by Conko and Madden [7],
suggests a dual-track system for patients and doctors consisting
of (1) deciding to stick with the current FDA procedures or
instead (2) selecting a free-to-choose track option that provides
freedom to the patient, with the advice of their doctors, to make
an informed choice of using an experimental drug for which
safety and efficacy have been demonstrated but FDA approval
has not yet been obtained [7,24]. The implementation of this
dual-track system requires a commitment from the FDA and
the manufacturing companies to promote information symmetry.
This reform is similar to what the Independent Institute calls
the sensible alternative, which supports voluntary certification.
This alternative proposes to keep the FDA as a voluntary
institution where companies submit their application because
of a belief in the integrity and cooperation of the agency, not
because it is mandatory. Drugs approved under this alternative
must be labeled as not FDA approved [33].
The fourth model, established by Briggeman et al [22], was
developed based on the idea that the FDA has exceeded its
authority by not only assuring safety and efficacy but also
making judgments about the benefits and risks of the drugs.
According to the authors, that responsibility lies with doctors
and patients based on their experiences with the drug [22]. The
reform model suggests that the FDA must readopt the regulation
model they followed in the 80s and 90s. In this model, the
regulatory agency is at the top of the funnel, setting standards
to measure a drug’s effectiveness based on the pharmacologic
activity on the disease. The responsibility of determining the
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utility of the drug is deferred to the doctors, who must make
decisions regarding the adoption of a drug based on real-world
experiences, the characteristics of each patient, and additional
clinical trials sponsored by clinics and biopharmaceutical
industries [22].
The implementation of any of these 4 reform models may imply
a shift in the current activities and responsibilities of the FDA
and, therefore, may change the organizational structure of the
regulatory agency. The addition of new internal or external
regulatory sources as well as the elimination of current
regulatory bodies within the FDA will have a variety of
consequences in the agency network, which must be addressed
and measured for effectiveness. Current FDA publications and
reports on change management were created to provide guidance
to industry applicants on how to manage changes in their
processes and still comply with the quality regulations [20,25].
To deal specifically with organizational changes, the FDA has
developed a set of manuals of policies and procedures for each
of its offices. For example, the Manual of Policies and
Procedures for the CDER provides policies and procedures for
submitting, evaluating, coordinating, reviewing, and approving
organizational changes, including the addition or elimination
of organizational components [30]. However, to the best of our
knowledge, no FDA publications or academic research has
presented efforts to develop a flexible system-based model that
shows the interconnections and information flow among the
main elements of the approval process. A contribution in this
area will provide the FDA with a diagnostic tool to efficiently
address the change management affairs.

Discussion
Principal Findings
The FDA has made efforts to improve their internal drug review
and approval operations through the creation of expedited review
and approval tracks and the establishment of special review
programs such as The Program, created under the PDUFA.
Although these efforts have reduced the time to market of drugs,
the drug approval process remains a costly and slow process.
These challenges have a major impact on small-to-medium
biopharma start-ups that do not have the initial capital
investment required and must resort to alternate financial
agreements that are not necessarily competitive for them. More
importantly, it remains challenging for chronically ill patients
to have timely access to novel alternative medications and
treatments that could save their lives.
Suggesting changes to the review and approval of therapeutic
biological products is a challenging task because of the
complexity of the process. Each therapeutic biological product
has different properties, meaning that each FDA review and
approval process is different. In addition, interrelationships and
interdependencies exist among the different stages of the
process, and external and internal factors may act as influential
sources of variability, causing major delays. Steps in the process
may serve as bottlenecks, halting the review process. In addition,
application errors and lack of required documentation on the
part of the applicant can cause major delays in the review
process.
https://formative.jmir.org/2021/3/e14563

XSL• FO
RenderX

Bonet Olivencia & Sasangohar
To the best of our knowledge, none of the sources identified in
this narrative literature review have modeled the current FDA
review and approval process structure to address issues related
to the robustness, reliability, and efficiency of its operations.
Although several studies summarize the FDA approval process
with clarity, in addition to bringing to light the problems and
challenges faced by the regulatory agency, only a few attempts
have been made to provide solutions for the problems and
challenges identified. In addition, although several reform
models have been discussed, these models lack the application
of scientific methodologies and modeling techniques to
understand FDA as a complex sociotechnical system.
Furthermore, tools and methods to assess the efficacy of the
models before implementation are largely absent. The
implementation of any of these models would not only impact
the FDA’s authority but may also imply a change in the current
structure of the regulatory agency. Changes proposed to the
approval process must be accompanied by a dynamic model of
the FDA regulatory structure under the new changes suggested.
Findings from this narrative review suggest an opportunity to
employ MBSE approaches to provide a systems-oriented
descriptive model of the FDA approval process for therapeutic
biological products as a service network. Using this holistic
approach will serve several investigative purposes: (1) identify
influential sources of variability that cause major delays,
including individual, team, and organizational decision making;
(2) identify the human-system bottlenecks; (3) identify areas
of opportunity for design-driven improvements; (4) study the
effect of induced changes in the system; and (5) assess the
robustness of the structure of the FDA approval process in terms
of enforcement and information symmetry. However, adopting
this approach may pose several challenges owing to the
complexity of investigating internal FDA processes externally.
Researchers external to the FDA have access to the official FDA
guidelines such as the CDER 21st Century Review Process
Desk Reference Guide, which provides a summarized overview
of the drug approval process [29]. However, as the approval
process of each drug may be different because of certain
characteristics of the products and the manufacturing processes,
modeling the approval process network based only on those
guidelines would not reflect the intrinsic variability in the FDA
operations. Consequently, any generated model may have poor
external validity. Although this can be seen as a limitation, it
also represents an opportunity for future collaboration between
the FDA and the academia. The integration of external research
and internal FDA efforts could facilitate the development of
novel techniques and methodologies with practical applications
that will benefit the regulator, industry, and patient population.

Limitations
Although this narrative review provides a broad, critical, and
objective analysis of the current knowledge regarding the
constraints and challenges in the FDA drug review and approval
process and the approaches suggested in the literature to reform
the FDA review and approval process, the search process and
the number of sources included are not as comprehensive as it
would be in a systematic literature review. The authors of this
paper have expertise in the area of human and health care
systems engineering; therefore, the review is limited to analyzing
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the problem from a systems engineering perspective, shedding
light on how systems engineering methods and approaches can
be applied to obtain a better understanding of the FDA review
and approval process, and to verifying, validating, and
complementing the proposals of experts from other areas such
as public policy.

Conclusions
The FDA review and approval of new drugs, including
biotherapeutics, is a long and complex process. The process
requires the involvement of multiple stakeholders internal and
external to the FDA, in addition to the complexity of the
interrelationships and interdependencies that exist among the
different stages of the process. Literature in this area has
identified challenges in the process related to cost, financial
considerations, resource constraints, need for balance in terms
of enforcement and information transparency, and the need for
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clarity in the FDA review and approval process and the
requirements of the applicants. Although the FDA has
implemented efforts to expedite the review and approval process,
safety- and efficacy-related concerns about relaxing the FDA
regulation over new drugs remain. Reform models and
approaches have been proposed by experts in the area; however,
these proposals lack the application of scientific methodologies
and modeling techniques in understanding FDA as a complex
sociotechnical system to obtain an unbiased assessment of the
models’ efficacy before implementation. MBSE approaches
have been successfully used to model the FDA regulatory
process for medical devices from the applicant’s point of view.
There is an area of opportunity to use MBSE approaches to
model the review and approval process of new drugs from the
regulatory agency’s point of view to address issues related to
the robustness, reliability, and efficiency of its operations.
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Abstract
The health care sector can benefit considerably from developments in digital technology. Consequently, eHealth applications are
rapidly increasing in number and sophistication. For successful development and implementation of eHealth, it is paramount to
guarantee the privacy and safety of patients and their collected data. At the same time, anonymized data that are collected through
eHealth could be used in the development of innovative and personalized diagnostic, prognostic, and treatment tools. To address
the needs of researchers, health care providers, and eHealth developers for more information and practical tools to handle privacy
and legal matters in eHealth, the Dutch national Digital Society Research Programme organized the “Mind Your Data: Privacy
and Legal Matters in eHealth” conference. In this paper, we share the key take home messages from the conference based on the
following five tradeoffs: (1) privacy versus independence, (2) informed consent versus convenience, (3) clinical research versus
clinical routine data, (4) responsibility and standardization, and (5) privacy versus solidarity.
(JMIR Form Res 2021;5(3):e17456) doi:10.2196/17456
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The Digital Society Program

addressing the societal challenges raised by the digitalization
of health care.

The Association of Universities in the Netherlands (VSNU) has
brought together scientists from all 14 universities in the
Netherlands to address the pressing questions raised by the
emergence of a digital society. Exploring the responsible use
of innovative digital technologies in the health care sector has
high societal priority because of the potential to significantly
improve health care and reduce health care costs. The Health
& Well-Being program line of the VNSU Digital Society
Research Programme aims to develop, evaluate, and implement
integrated and personalized digital health care solutions, while

Decelerating factors in the development and implementation of
eHealth are a lack of knowledge, information, and practical
tools with respect to handling privacy and legal matters. To
discuss these factors, the Digital Society Health & Well-Being
team organized a conference on September 26, 2019 titled
“Mind Your Data: Privacy and Legal Matters in eHealth” with
the aim to learn from each other’s approaches to tackle privacy
and legal matters in the development of eHealth.
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The conference hosted five speakers who were selected based
on their unique backgrounds (law, eHealth, data science,
philosophy, and mobile health [mHealth]), vision, and expertise
on privacy and legal issues in eHealth. Marie-José Bonthuis is
an external privacy lawyer who is connected to the Medical
Biobank Lifelines and to the University Medical Center
Groningen. Furthermore, she is an expert in the Health Research
Infrastructure initiative (Health-RI) service desk for ethical,
legal, and societal questions related to personalized medicine
and next-generation sequencing. Dr. Bonthuis presented a talk
titled “Overview of data protection principles in research:
bringing practice and legislation together.” Niels Chavannes is
a professor of Public Health and Primary Care at Leiden
University Medical Centre, a general practitioner, and the
founder of the National eHealth living lab (NeLL). Professor
Chavannes presented a talk titled “Clinical implementation of
successful eHealth initiatives: ethical and legal issues.” Andre
Dekker is the professor of Clinical Data Science at Maastricht
University, Maastricht University Medical Center+, and
MAASTRO Clinic. Professor Dekker presented a talk titled
“The personal health train: privacy preserving learning from
health data.” Peter Paul Verbeek is the professor of Philosophy
of Technology and scientific codirector of DesignLab of the
University of Twente. In addition, he is an honorary professor
of Techno-Anthropology at Aalborg University and chair of the
UNESCO World Commission for the Ethics of Science and
Technology. Professor Verbeek shared his perspective in a talk
titled “Privacy and beyond: inclusive digitalisation and the
dynamics of privacy.” Finally, Edward Watkins is the professor
of Experimental and Applied Clinical Psychology at the
University of Exeter. Professor Watkins presented a talk titled
“ECoWeB – mental health app for young people data and
governance issues.”
More than 100 participants from a wide range of organizations
(universities, medical centers, knowledge institutes, private
parties, citizens, and government) attended the conference.
Three independent authors noted down specific points that were
expressed during the presentations, panel discussion, and
eHealth forum. These notes were compared, sorted in categories,
and juxtaposed in a way that the ethical challenges clearly
emerged. Solutions provided by speakers were described;
otherwise, clarification was provided by the authors of the paper.
This resulted in our summary of the most prominent ethical-,
technical-, and research-related issues in eHealth and their
potential solutions.

Privacy Versus Independence
There is no straightforward answer for the best way to address
privacy issues in eHealth. For each eHealth application, there
should be a balance between individual privacy and potential
individual or societal benefit. Data protection is all about
contextual integrity; that is, using data responsibly within a
specific context. Take for example the development of an
mHealth approach to assess and enhance emotional competence
for well-being in the young (ECoWeB project) [1]. In this
project, young people expressed their reluctance to share passive
sensor data and preferred to be in control of the data they would
like to release. In this situation, an active approach to gather
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data (eg, by questionnaires) is most suitable. By contrast, the
use of cameras, a more privacy-intrusive method, is more likely
to be accepted in smart homes for people with dementia, since
the benefit for the user is larger, as people could have the
opportunity to stay at home for a longer time [2]. This is in
agreement with Wilkowska et al [3], who showed that female
patients and healthy adults insist on higher security and privacy
standards, whereas people with ailing health consider privacy
of lower importance. End users seem to be willing to tradeoff
part of their privacy for the benefit of, for example,
independence.
To gain insight into this tradeoff, user preferences, and needs,
it is essential to include the end user in the design of eHealth at
an early stage of development. This should provide an
understanding as to what extent the user is willing to share data
and for what purpose. During the conference, this was
exemplified by the ECoWeB project [1] in which co-design
with young people was critical. The data collection and
recruitment are fully online processes, and the use of data is
transparent and clear to the users. Previous research has shown
that the uptake of eHealth and mHealth is only successful when
they are built to fulfill a certain need of either patients or health
care providers [4]. The early involvement of clinicians and
patients will encourage adoption and maximize the positive
impact of an intervention [5]. An example of a dedicated
approach to develop and evaluate eHealth is the Centre for
eHealth and Wellbeing Research roadmap developed by van
Gemert et al [6], which focuses on user participation and process
evaluation.

Informed Consent Versus Convenience
eHealth research generally includes an informed consent
procedure for use and accessibility of data. This can potentially
be done by digital authentication, including, for example,
parental consent and age verification. However, during the
conference’s panel discussion, the issue about how elaborate
digital informed consent should be arose. The panelists
concluded that there should be a balance between simple,
convenient, and easy to understand versus fully complete. This
tradeoff is similar to a paper-based consent procedure.
Nevertheless, there seems to be a striking difference between
the requirements for informed consent of eHealth in comparison
to commercial applications. An editorial published in Nature
[7] also addressed this issue, stating that the consent for
commercial mobile applications is often not more than a box
to tick, with terms and conditions that are hardly ever read by
the users.
In addition to informed consent, it is highly important to address
the expectations of the eHealth app. This includes information
on the procedure for incidental findings, such as whether or not
the user wants to be actively informed or what can be expected
with regard to automated messaging/triggering the health care
provider for actions in the case of a monitoring app. Providing
this additional information might limit possible overexpectations
of users of the app.
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Clinical Research Versus Clinical Routine
Data
Data obtained after informed consent are only available from a
small population of people that are registered for clinical
research or use a specific eHealth app. By contrast, general
registries collect data from a large number of patients, but the
information is limited to demographics and a small selection of
clinical variables. Another data source is clinical routine data,
which contains the largest amount of clinically relevant
information. One could think of a “patients like me” approach,
where we can learn from existing data worldwide to find a
similar patient. Unfortunately, clinical routine data are very
hard to collect centrally because they are stored in individual
local databases. One of the potential solutions is the use of
distributed learning. The Personal Health Train is an example
of this, where the data remain at the source (eg, the hospital) in
Findable, Accessible, Interoperable, Reusable (FAIR) data
stations, and the analysis method (eg, the algorithm) is
transferred to the data. This method has been successfully
implemented such as for predicting the 2-year survival of lung
cancer patients using clinical data of 20,000 patients [8,9].
To allow for the secondary use of clinical personal data, data
should be made nonidentifiable or anonymous [10], however,
it is unclear when data are truly anonymous. Complete
anonymity cannot be guaranteed if combinations of demographic
data are given, and thus the question as to when data are truly
anonymous remains. Many datasets that appeared to be
anonymous have been released and individuals were reidentified
[11]. Reidentification is generally performed by media or
researchers, with the aim to show that shared data are unsafe,
to publish new algorithms, and show weaknesses in the
databases. An example was the reidentification of an individual
from an adverse events database of Health Canada, and the
media were able to reidentify a deceased woman based on a
match of age, location, and date of death [12]. Algorithms such
as k-anonymity can be used to describe the level of anonymity
of datasets that plays a role in the definition of (non)identifiable
personal data [13]. In addition, to determine the likelihood of
an individual to be correctly reidentified, Rocher et al [11]
proposed and validated a statistical model that was able to
reidentify individuals even if the dataset was heavily incomplete.
As such, if a dataset has been completely anonymized, it would
be impossible to find the data of an individual who would like
to withdraw consent to use their data. This is problematic if
participants have been informed that they can withdraw their
consent at any time [7]. An additional problem occurs in
research scenarios that require data to be linked across different
entities (eg, linking medical data from a hospital to
socioeconomic data from Statistics Netherlands). These
scenarios demand separate solutions that address privacy while
still enabling subject-level linking based on common information
[14].
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maximal privacy and compliance with legislation. Together
with multiple partners, the VSNU developed a Code of Conduct
for research integrity in the Netherlands in 2018. The
responsibilities have been defined at multiple levels, from the
individual researcher to the boards of research institutions and
the institutions as a whole [15]. Researchers can also use the
General Data Protection Regulation (GDPR) carwash [16], a
prototype of a practical flowchart that aims to guide researchers
through the necessary steps to work with personal data in a
GDPR-compliant manner.
Moreover, it is hard for a user to determine which app is
qualitatively good. The availability of health apps is increasing
rapidly. Pereira-Azevedo and Venderbos [4] estimated that over
300,000 medical apps were available in 2018. Medical App
Checker developed by the Royal Dutch Medical Association
was established as an initiative to evaluate mobile medical apps
[17]. Medical App Checker consists of several checklists,
including one for evaluating the protection and security of
personal data. Additionally, an international norm (ISO standard)
is in development for health and wellness apps. This standard
could be used to certify apps that meet the norms for safety,
reliability, and user-friendliness based on existing quality
requirements and legislation. The latter is in flux as the new EU
Medical Device Regulation, which takes effect on May 2021,
will set more stringent demands on medical applications.
Finally, when moving from research toward the clinical
implementation of eHealth, Dutch professional communities
(medical specialists, medical physics, and clinical informatics)
have expressed in their vision statements that they will take
their responsibilities in the stimulation of the development and
use of eHealth, and to assure its quality and safety.

Privacy and Solidarity
Technological innovations change our society rapidly and the
interaction of humans with these digital innovations may also
influence our perception of societal values such as privacy. The
complex interactions of how innovations influence the ethical
frameworks with which they are valued can be exemplified with
a Google Glass study. In this study, a technological mediation
approach was used to focus on the dynamics of the interaction
between technologies and human values. Online discussions
about Google Glass technology were investigated to evaluate
how people articulate new meanings of the value of privacy
[18].
Additionally, there are cultural differences in the way we value
privacy, especially on a global scale. To account for this
dynamism of values, value-sensitive and responsible design
approaches should be adopted. There is also a movement toward
solidarity and data donorship. Toward this end, a culturally
sensitive balance should be sought between sharing (“give data
and save lives“) and protection (eg, potential threat of
commercial exploitation) of data.

Responsibility and Standardization

Conclusion

There are no straightforward answers to the questions of who
is responsible for digital health apps, and how to guarantee

The information presented and discussed at the conference
highlighted the many tradeoffs in eHealth with regard to privacy
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and legal questions. To prevent potential decelerating factors
in the development and implementation of eHealth, we need to
be aware of these tradeoffs between (i) privacy and
independence, (ii) informed consent and convenience, (iii)
clinical research and clinical routine data, (iv) responsibility
and standardization, and (v) privacy and solidarity. Furthermore,
we need to make use of the available knowledge and tools on

Zegers et al
a national and international level, think carefully about the
design of the application, and include end users at an early stage
of development to reach the full potential of the eHealth
technology. Clearly, there are risks associated with
developments in eHealth, but rather than avoiding risks and
stalling innovation, we should attempt to minimize risks while
providing the greatest possible benefits to society.
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In “Psychological Impacts of COVID-19 During the First
Nationwide Lockdown in Vietnam: Web-Based, Cross-Sectional
Survey Study” (JMIR Form Res 2020;4(12):e24776) three errors
were noted.
In the originally published paper, the “greater than or equal to”
symbol (≥) was missing in three places in tables due to an XML
conversion error. The following corrections have been made:
In Table 1, under “Age group (years) (reference: 18-39)," “60”
has been corrected to “≥60”.
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In Table 1, under “Household size (reference: 1 member)," “6”
has been corrected to “≥6”.
In Table 2, under “Age group (years) (reference: 18-39)," “60”
has been corrected to “≥60”.
The correction will appear in the online version of the paper on
the JMIR Publications website on March 5, 2021, together with
the publication of this correction notice. Because this was made
after submission to PubMed, PubMed Central, and other full-text
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those repositories.
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Abstract
Background: Patients who have recently received a hematopoietic cell transplant (HCT) are at higher risk of acute complications
in the first weeks after discharge, especially during the COVID-19 pandemic.
Objective: The aim of this study was to test the use of a telehealth platform for the follow-up of HCT patients during the first
two weeks after discharge.
Methods: In total, 21 patients who received autologous or allogeneic HCT for hematological malignancies were screened from
April 30, 2020, to July 15, 2020. The telehealth platform assisted in the daily collection of vital signs as well as physical and
psychological symptoms for two weeks after hospital discharge. The required medical devices (oximeter and blood pressure
monitor) were given to patients and a dedicated smartphone app was developed to collect this data. The data were reviewed daily
through web-based software by a hematologist specializing in HCT.
Results: Only 12 of 21 patients were able to join and complete the study. Technological barriers were the most frequent limiting
factor in this study. Among the 12 patients who completed the study, adherence to data reporting was high. The patients’ experience
of using such a system was considered good. In two cases, the system enabled the early recognition of acute complications.
Conclusions: This pilot study showed that telehealth systems can be applied in the early posttransplant setting, with evident
advantages for physicians and patients for both medical and psychological aspects. Technological issues still represent a challenge
for the applicability of such a system, especially for older adult patients. Easier-to-use technologies could help to expand the use
of telehealth systems in this setting in the future.
(JMIR Form Res 2021;5(3):e26121) doi:10.2196/26121
KEYWORDS
SARS-CoV-2; COVID-19; hematology; hematopoietic cell transplantation; telemedicine; mortality; surveillance; monitoring;
stem cell; transplant; app; medical device
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Introduction
Patients receiving a hematopoietic cell transplant (HCT) have
a high risk of developing severe acute toxicities in the early
posttransplant period. An increased mortality risk has been
observed in HCT patients who go on to develop COVID-19,
with an estimated mortality rate between 20%-40% [1,2].
Although other hematological procedures can be postponed in
case of emergency, there is an international agreement to not
defer transplant procedures, especially for rapidly progressing
diseases such as acute leukemias and aggressive lymphomas.
Due to this, it is necessary to improve the domiciliary clinical
monitoring of patients who received transplants to rapidly detect
clinical deterioration. In addition, unnecessary in-person visits
that might increase the risk of intrahospital contagion should
be reduced. During the last few years, smart devices for
assessing vital signs or physical activity have emerged as
breakthrough innovations in the oncological setting [3-5]. Digital
technologies allow clinicians to perform real-time monitoring
of a patient’s clinical status. In patients with COVID-19, the
use of devices such as digital oximeters allow for early detection
of clinical deterioration and a safer domiciliary follow-up. This
is of paramount importance for patients who have received
transplants, who have higher COVID-19–related mortality than
the general population.

Methods
The aim of this study (SMARTCOVID19 study) is to report the
feasibility of a real-time patient monitoring system through the
use of a smartphone app and mobile health care devices. The
institutional review board of Institut Catalá d'Oncologia Hospitalet approved the study. Inclusion criteria were the
following: those aged >18 years who had received autologous
or allogeneic HCT while hospitalized and have a smartphone
with an operating system able to run the SMARTCOVID19
app. Those who did not have adequate social support were
excluded from the study.
Patient education regarding the use of the platform was provided
by a hematologist at the time of enrollment, which was 1-2 days
before hospital discharge.
Vital signs (heart rate, oxygen saturation, and arterial blood
pressure) were collected daily using clinically validated
oximeters (Onyx II, Nonin Inc) and a blood pressure monitor
(iHealth Track, iHealth Labs), while temperature was measured
using domiciliary thermometers. Patients were educated on how
to measure their respiratory frequency. A checklist of clinical
symptoms was completed daily (presence of cough, myalgia,
headache, fatigue, dyspnea, emesis, odynophagia, rhinitis,
conjunctivitis, and chest pain). An analog visual scale
“thermometer” (0-10) used to detect potential cases of anxiety
or depressive disorders was completed by patients daily. Scores
of >6 resulted in an automatic referral to a psycho-oncologist
through the platform, who would contact the patient and evaluate
whether psychological support was needed via videoconference.
A chat service was available for nonurgent communications.
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All data were reported to an online platform through a
smartphone app (“Saludencasa,” Fundación Trilema) compatible
with Apple (iOS Version 9 or higher) and Android systems
(Version 6 or higher). A hematologist with experience with
HCTs reviewed all patient data daily. Programmed alarms were
set in the event of any of the following situations: fever >38 C,
oxygen saturation <92%, tachycardia >125 beats per minute,
hypotension (systolic blood pressure <90 mm Hg, diastolic
blood pressure <60 mm Hg), altered mental status, and persistent
emesis or diarrhea (lasting more than 48 hours). In case of alarm
activation, the hematologist contacted the patient by phone to
evaluate the need for an in-person visit and determine the
clinical management steps that were considered most
appropriate. Outpatient monitoring started from the day of
hospital discharge 2 days and continued for 14 days. The study
accrual period was April 30, 2020, to July 15, 2020. Data were
collected prospectively and all patients signed informed consent
forms. Finally, two weeks after the end of the recruitment period,
patients were contacted by phone and asked to answer a
satisfaction questionnaire.

Results
During the study period, 16 of 21 patients who received
transplants were successfully recruited into the study (76%
feasibility). Reasons for patients not being enrolled were the
following: language incompatibility (1 patient), no consent (1
patient), and no compatible smartphone (3 patients). Of the 16
enrolled patients, the median age was 50 years (range 22-70
years), 38% (n=6) were female, and 94% (n=15) had lymphatic
diseases. In addition, 38% (n=6) of HCTs were autologous and
62% (n=19) were allogeneic.
Of the 16 enrolled patients, 4 were not able to use the app due
to an inability to use smartphone apps in general. Of the
remaining 12 patients, average adherence to reporting study
data (median number of days reported across all patients during
the planned 14-day study period) was as follows: 89% for
temperature, 90% for oxygen saturation, 70% for respiratory
frequency, 85% for cardiac frequency, 89% for blood pressure,
65% for symptoms reporting, and 71% for emotional distress.
Automatic alarms were activated only 3 times: twice for the
presence of clinical symptoms and once for emotional distress.
Only one patient spoke with the psycho-oncologist via
videoconference. In total, 4 patients used the chat service to
communicate with hospital personnel.
Despite the feasibility nature of the study, data collected with
the digital system helped the clinician to recognize calcineurin
inhibitor–induced arterial hypertension in one patient and acute
cutaneous graft-versus-host disease (grade I) in another patient.
Only two patients in this cohort were readmitted within 14 days
of discharge, both due to grade 4 odynophagia related to herpes
simplex virus 1/2 reactivation.
The patients’ responses to the survey questions about their
experience with the telehealth system are reported in Table 1.
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Table 1. Patients’ responses to survey questions about their experience with the telehealth system (n=12).
Question

Mean score (scored from 1-5, where 1=disagree
and 5=agree)

Overall satisfaction with the telehealth system

4.67

Did you feel safer at home with the use of the telehealth system?

4.67

Do you think that using such a device has improved your domiciliary follow-up?

4.67

Was the app easy to use?

4.50

When you feel well, would you be comfortable substituting in-person visits with telemedicine?

3.50

Discussion
Our prospective study showed that the use of mobile health care
devices and smartphone apps for self-reported outcomes is
feasible in the post-HCT setting. In a study conducted by Nawas
et al [6], it was found that telehealth evaluations could be useful
in the early peritransplant period, with a high satisfaction rate
among patients. In our study, we found that patients felt safer
when using the telehealth system. However, only a few patients
would completely substitute an in-person visit with telehealth
monitoring. This suggests that an in-person visit with a medical
doctor is still the preferred follow-up modality for patients who
have received transplants. Apart from vital signs monitoring
and blood test results, which could be evaluated without the
patient present, other aspects of medical care cannot be replaced
by telehealth. Human contact and empathy are still largely
needed during a visit. With respect to feasibility and adherence,
two observations emerged from our study. The first is that only
57% of the potential patients used the telehealth system in the
end. Technological barriers such as incompatible smartphones
or inexperience in using smartphone apps were the main causes
for study failure. This problem was more frequently observed
in older adult patients living alone or without caregivers able
to help them use the devices. A solution to this could be to
automate data collection through the use of devices that
automatically monitor and report this data. Newer wearable
devices could allow for real-time monitoring of patients’ heart
rate, oxygen saturation, and physical activity in an automated
manner. A second technological issue became apparent when
evaluating the reporting adherence of the people who succeeded
in using the platform. In this case, adherence to reporting clinical
parameters such as respiratory frequency or symptoms was low.
The use of currently available wearable devices could also

resolve this adherence issue. In addition to technical issues, it
is possible that psychological barriers could have contributed
to reducing study adherence. Better patient education on how
to use this system could also improve adherence, and should
always be considered when applying digital medicine. Finally,
the quality of telehealth monitoring should be complemented
and improved by the collection of other clinically relevant
parameters. For example, a virtual physical examination could
be carried out through the use of high-quality video calls, digital
stethoscopes, and weight scales [6,7]. In our study, the system
worked well for detecting acute complications such as infections
and dehydration. It is useful for monitoring the early
posttransplant period, when acute complications are more
frequent. For long-term follow-up, this system should be
implemented with other technologies (eg, ones that allow visual
communication between physicians and patients).
A study limitation was the small number of patients that
completed the study. However, the study population was
considered sufficient for a pilot study. In fact, the results
obtained should be used to improve the design of the next study,
which will recruit a larger number of patients. In addition, the
uptake and use of newer technologies could be influenced by
country or hospital resources. Such a system would not be
feasible to implement within hospitals or health care systems
that cannot afford such expenses. This applicability issue is
common to the majority of studies using newer technologies.
In conclusion, telehealth monitoring could potentially improve
patient follow-up in terms of both physical and psychological
outcomes. This is especially true whenever an external cause
(such as the COVID-19 pandemic) impedes in-person visits.
Technological issues still represent a barrier to the wider
application of telehealth monitoring systems in a medical setting
and these issues should be considered for future studies.
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