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Abstract

Lifestyle behaviors across the 24-h spectrum (i.e., sleep,
sedentary, and active behaviors) drive metabolic risk. We
describe the development and process evaluation of
BeWell24, a multicomponent smartphone application (or
“app”) that targets behavior change in these interdepen-
dent behaviors. A community-embedded iterative design
framework was used to develop the app. An 8-week mul-
tiphase optimization strategy design study was used to
test the initial efficacy of the sleep, sedentary, and exer-
cise components of the app. Process evaluation out-
comes included objectively measured app usage statis-
tics (e.g., minutes of usage, self-monitoring patterns),
user experience interviews, and satisfaction ratings. Par-
ticipants (N=26) logged approximately 60 % of their
sleep, sedentary, and exercise behaviors, which took 3—
4 min/day to complete. Usage of the sleep and sedentary
components peaked at week 2 and remained high
throughout the intervention. Exercise component use was
low. User experiences were mixed, and overall satisfac-
tion was modest.
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BACKGROUND

The metabolic syndrome [1] is strongly linked pro-
spectively to diabetes, cardiovascular disease, and
mortality [2]. US Veterans are at higher risk for the
metabolic syndrome than the general population due
to disproportional rates of obesity [3], dyslipidemia
[4], and hyperinsulinemia [4]. This disparate burden
among Veterans is likely driven by lifestyle behaviors,
including insufficient physical activity [3] and poor
sleep quality/duration [5]. Sedentary behavior (i.e.,
sitting/reclining with low energy expenditure [6]) has
also emerged as an important and independent risk
factor for cardiometabolic health [7]. Although high
rates of overweight/obesity have been reported

Implications

Practice: Practitioners may consider using
mHealth technologies to intervene on multiple
behaviors across the 24-h spectrum.

Policy: The Veterans Health Administration rep-
resents a key platform for developing and dissem-
inating evidence-based mHealth interventions.

Research: A smartphone-based intervention tar-
geting sleep, sedentary, and active behaviors may
be feasible to deliver in a sample of US Veterans
with increased metabolic risk, and future research
is needed to understand whether this combination
of behaviors may improve cardiometabolic risk
biomarkers.

among Veterans [8], rates of sedentary behavior are
currently not known in this population.

The unique and independent effects that sleep, sed-
entary behavior, and physical activity have on cardi-
ometabolic health are well described |7, 9-15]. These
behaviors, however, are inextricably related to one
another given that they are each bound by the 24-
h day (i.e., increasing or decreasing time in one inev-
itably requires modifications to the others) [16]. Re-
cent work that adequately accounts for the interde-
pendency of these behaviors found that re-allocating
30 min/day of sedentary time with equal time of either
sleep, light activity, or exercise improved cardiometa-
bolic outcomes, most notably triglycerides, fasting
glucose and insulin, and waist circumference [17].
These behaviors may also operate synergistically.
Daytime exercise temporally improves sleep quality
(i.e., wakefulness after sleep onset) during the subse-
quent night of sleep and reduced wakefulness in turn
increases exercise the following day [18]. Further-
more, changes in sleep and physical activity may have
an additional cascading effect on dietary consumption
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[19] that may further augment cardiometabolic health.
Harnessing these potential synergies in an optimal
fashion may result in more potent behavioral interven-
tions on cardiometabolic health.

State-of-the-art, personal technologies such as the
smartphone are promising approaches to intervene
across the 24-h period given their ubiquity and capa-
bility to deliver tailored information and feedback.
Smartphone (e.g., iPhone, Android, Windows) owner-
ship among Americans has grown to 53 % [20]. Up-
take is quite high in Iraq and Afghanistan Veterans (by
virtue of their younger age [20]), and the Veterans
Health Administration (VHA) has several system-
wide initiatives to deliver mHealth applications direct-
ly to patients through a “VA App Library” [21]. As the
largest integrated health-care system in the US that is
already developing a large mHealth infrastructure, the
VHA represents a key platform to leverage the dis-
semination of mHealth applications.

This article describes development and initial pro-
cess evaluation of BeWell24, a multicomponent smart-
phone application that targets behavior change (alone
and in combination) in behaviors that make up the 24-
h spectrum (i.e., sleep, sedentary behavior, and phys-
ical activity). Specifically, this paper reports on the
following aspects of BeWell24: (1) the user-centered
iterative design process undertaken for app develop-
ment, (2) quantitative process-level outcomes related
to app usage during the intervention, and (3) post-
intervention qualitative feedback from users regarding
app design and satisfaction. The information gathered
from this study will be used to inform future develop-
ment of the app, larger-scale efficacy trials, and pro-
vide generalizable insights for other researchers devel-
oping health behavior change apps in Veteran and
other populations.

METHODS

BelWell24 app development and description

App development process—BeWell24 was developed using
a community-embedded iterative design framework
adapted from a previous mHealth design process
[22]. The planning and design team included an inter-
disciplinary research team (N=9; experts in sleep,
sedentary behavior, and physical activity behavior
change techniques), target users (N=7; Veterans meet-
ing eligibility criteria for the main efficacy trial), and an
mHealth software engineer (N=1). These stakeholders
were involved in each step of the app development
process described below. First, Veterans Health Ad-
ministration interdisciplinary clinical staff (N=22; in-
cluding primary care physicians, staff nurses, nurse
practitioners, psychiatrists, social workers, and case
managers) participated in focus groups (N=5) to re-
view and discuss paper prototypes prepared by the
research team and the mHealth software engineer.
These focus groups were synthesized using a rapid
assessment process [23] where themes related to de-
sired app content were identified, refined by the re-
search team, and incorporated into the app design by

the mHealth software engineer. Next, functional pro-
totypes were presented to target users in one-on-one,
face-to-face sessions using a rapid and iterative proto-
typing method [24]. A “think-aloud” data solicitation
protocol was used to gather information from users
related to navigation tasks, overall look and feel of the
app, and desired app functions. The think-aloud pro-
tocol asked participants to perform various app-related
tasks and to verbalize whatever crosses their mind
during the task performance [25]. Participants were
given $25 USD for their participation. Summaries of
each user experience were discussed among the re-
search team, and feedback led the mHealth software
engineer to make appropriate modifications. Function-
al prototypes were continuously improved and then
brought back to the users to ensure modifications
addressed the concerns. This process was repeated
until consensus among the users was reached. Consen-
sus was determined when no new modifications were
rated and all existing modifications were satisfactorily
addressed (approximately three visits/user).

App description—overview—BeWell24 was developed in
a component fashion such that each component (i.e.,
sleep, sedentary, and exercise) was able to operate as a
stand-alone app or be integrated with other compo-
nents in a seamless fashion. This design decision was
made early in the developmental process given the
hypothesized synergistic nature of the components
and the desire to test their single and combined impact
on health outcomes. App components were informed
by leading behavioral theories and behavior change
techniques described by Michie et al. [26] Table 1
summarizes these behavioral strategies and how they
were implemented in the app.

Self-monitoring component—This component was de-
veloped with the primary goal of allowing rapid self-
tracking of targeted behaviors across the full 24 hin 5-
min increments. Aside from basic self-monitoring, this
component does not directly provide any behavioral
feedback or behavioral strategies. The data captured
via self-monitoring was designed to be integrated as
behavioral feedback into each of the three behavioral
app components (i.e., sleep, sedentary, and exercise)
which are described below. Users allocated time to
sleep, sedentary, other, and exercise activities using a
“drag and swipe” interaction (Fig. la). Users were
provided standardized definitions of each activity by
tapping on the icon at the top of each activity column.
Sleep activities included any nap or main sleep period,
and users were encouraged to report all time in bed for
the purpose of sleep. Sedentary activities included any
sitting behaviors (e.g., sitting at desk, watching televi-
sion). Exercise activities included any moderate-
vigorous physical activity such as brisk walking,
jogging/running, and aerobic exercise. The “other”
category (denoted by the yellow asterisk column in
Fig. la) was designed to account for all other activities
not fitting into the previous categories, with examples
including household chores, light gardening, leisurely
walking, and other activities of light intensity. Users
were then able to annotate more detailed information
about the reported activities by double-tapping on the
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Fig.1| Screenshots of BeWzl24 self-monitoring component. a Self-monitoring main screen. b Daily sleep log. c Sitting annotation

screen. d Exercise annotation screen

activity. For sleep, users completed a sleep log com-
monly used in the field to define sleep quality metrics
including sleep onset latency, wakefulness after sleep
onset and sleep efficiency, and sleep quality (Fig. 1b)
[28]. All sleep was reported by the user, and the accel-
erometer in the phone was not used for this purpose.
For sedentary behavior, users allocated their sitting

Your
Wake Time

Your average wake tim:
the past 13 days is 6:1

Tap OK to set this as your
wake time goal

Main Menu

<

A Sleep component
(wake time calculator screen).

B Sedentary component C
(daily graphical feedback on sitting)

into five contexts (work, television, socializing, trans-
portation, and other) using basic sliders to account for
the reported sitting (Fig. 1c). These contexts were
selected based on the most frequently reported sitting
behaviors [29]. For exercise, user allocated activity
into five types (running/jogging, brisk walking, other

cardiovascular exercise, resistance/weight training,

‘4l 12:55

€ @ Exercise (demo) =,

My Motivators

What are si that are
helpful to you to regularly be ?

Have my music playlistand ~*****

headphones ready to go.

Pack a snack so | am not
hungry and tempted to skip
working out.

Put my workout shoes next to**
my bed or next to my desk so
I see them.

My Results Main Menu My Results

m} < (]

Exercise component
(user-generated prompts/cues)

Fig. 2 | Screenshots of BeWzl[24 sleep, sedentary, and exercise components. a Sleep component (wake time calculator screen). b
Sedentary component (daily graphical feedback on sitting). ¢ Exercise component (user-generated prompts/cues)
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other moderate/vigorous exercise) using checkboxes
(Fig. 1d). These types were selected based upon feed-
back from the target users. Checkboxes were used
over sliders since these exercise activities are typically
completed in bouts of a single activity (Fig. 1).

Sleep component—The sleep component included
sleep education, sleep hygiene, and stimulus control
therapy. The content was developed based upon rec-
ommendations from major sleep health organizations
(American Academy of Sleep Medicine [30], National
Sleep Foundation [31]) and the existing “VA CBT-i
coach” behavioral sleep treatment app deployed
throughout VHA hospitals in conjunction with the
national Cognitive Behavioral Therapy for Insomnia
dissemination program and available oniOS and Goo-
gle app stores [32]. Sleep education and hygiene have
modest efficacy but are fundamental to sleep interven-
tion [27]. The app included education on the basic
needs and functions of sleep (e.g., sleep drive, circadi-
an rhythm, sleep stages), sleep-promoting factors (e.g.,
cool and quiet sleep environment, exercise), and
harmful sleep behaviors (e.g., excessive alcohol, caf-
feine, tobacco). Stimulus control therapy is based on
an operant paradigm which teaches individuals to re-
associate the bed and bedroom with cues for sleep and
promotes a consistent sleep-wake pattern and is recog-
nized as a gold standard behavioral treatment for poor
sleep [33]. Interactive components including a wake
time calculator and personalized sleep tips were in-
cluded (Fig. 2a).

Sedentary component—The sedentary component was
based on self-regulatory strategies [34]. This compo-
nent provided graphical feedback on total sitting time
and time spent sitting at work, watching television,
socializing, transportation, and other activities. Basic
education on the health risks of prolonged sitting was
provided, along with user-generated prompts/cues to
break up sitting during common sitting activities (e.g.,
“whenever I watch TV I will get up at the commercial
and complete a small task”) and context-specific tips to
replace sitting with additional sleep or lifestyle behav-
iors were provided (to avoid confound with the exer-
cise component, recommendations to increase exer-
cise were not included). Feedback about sitting behav-
iors were updated into the component immediately as
the behaviors were reported in the self-monitoring
app. Users could access this feedback at any time,
and summaries were provided through the app to
participants each week (Fig. 2b).

Exercise component—The physical activity component
primarily included goal setting, feedback, and
problem-solving, as social cognitive theory-based
techniques [35], and was adapted from the evidence-
based “Fit-Minded” intervention [36]. Participants
were encouraged to set goals (based on their self-
reported activity in the self-monitoring component of
the app) to increase the frequency and duration of their
exercise. Behavioral targets progressively increased
and aimed for participants to reach national guidelines
for physical activity [9]. Users were given the option of
the possible goal formats: (a) “recommended” goal
(i.e., 110 % of weekly average of previous two weeks

of reported exercise behavior); (b) national guidelines
(i-e., 150 min/week of moderate-vigorous exercise); or
(c) user defined (i.e., users could input their own de-
sired goal). Users were allowed to modify their goal at
any time (Fig. 2c).

Technical considerations—BeWell24 was operational on
Android 2.3 and higher platforms. Development on
other platforms was withheld until efficacy was estab-
lished. BeWeli24 did not collect location or other con-
textual data, and the system required a study ID to be
entered by a research staff member prior to use. No
other potentially identifiable information was collect-
ed (e.g., Internet protocol addresses, international mo-
bile station equipment identity number). This process
allowed BeWell24 to collect only de-identified data
from the user. These data were uploaded directly to
study servers via wireless or Wi-Fi connection each
time the app was opened or a function in the app was
performed.

Process evaluation of first-generation intervention study
Recruitment and participants—The target population was
US Veterans currently receiving clinical care at a re-
gional VHA hospital in the Southwestern United
States, aged 35-60 years, who were measured as
overweight/obese (BMI>25 kg/m?), with a fasting
glucose of >100 mg/dL. Eligibility criteria also includ-
ed reporting of (a) insufficient physical activity (de-
fined as endorsing activity ranking categories <4 on
the Stanford Brief Activity Survey [37], which closely
aligns with national physical activity guidelines [9]),
excessive sitting (defined as >8 h of sitting from the
International Physical Activity Questionnaire [38]),
and short sleep duration (<7 h/night), or a mild/
moderate sleep complaint (modified version of the
Insomnia Severity Index [39]). Recruitment methods
included distributing flyers in clinic waiting and exam
rooms and targeted mailings. Eligible participants
were required to have their own Android smartphone
because research indicates that users’ adoption of an
electronic system is improved when they are familiar
with a device [40]. All participants completed a tele-
phone screening to determine eligibility. Institution
review boards governing the local VHA hospital and
the university in which some of the researchers were
affiliated approved all study procedures. All partici-
pants provided written informed consent.

Study design—The primary aim of the first-generation
testing of BeWell24 was to identify which of the three
intervention components elicited significant behavior
change in the respective targeted behaviors. To opti-
mize efficiency and to explore potential synergies
among the behavioral outcomes, a multiphase optimi-
zation strategy (MOST) research design was used. A
full-factorial 2x2x2 screening experiment was con-
ducted such that users were randomized to one of eight
possible combinations of the sleep, sedentary, and
exercise components of the app (£): none (k=1), one
of three app components (k=3), two of three app

TBM
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Table 2 | Multiphase optimization strategy design for first-generation pilot study of BeWell24

Experimental condition Intervention components

number Physical activity Sedentary behavior Sleep
component component component
1 No No No
2 No No Yes
3 No Yes No
4 No Yes Yes
5 Yes No No
6 Yes No Yes
7 Yes Yes No
8 Yes Yes Yes

All participants were encouraged to use the self-monitoring component throughout the intervention

components (k=3), or all three app components (/=1).
This design is displayed in Table 2. All eligible partic-
ipants underwent a 3-week run-in period where they
received the self-monitoring component only. Partic-
ipants attended two additional visits during the 8 weeks
to complete study-related assessments.

Process-level measures of app usage, user experience, and

satisfaction—App usage was measured using
BeWell24s built-in tracking capabilities that recorded
all navigation activities performed by the user. These
data were sent to a data acquisition web service on a
central server. Usage statistics included the number
of minutes the self-monitoring was employed (i.e.,
time users spent entering data), percent of the 24-
h day reported by the participant within the self-
monitoring component, and minutes of usage of the
sleep, sedentary, and exercise components (i.e., time
spent viewing and interacting with these components
of the app).
Following the intervention period, structured inter-
views were conducted using open-ended questions.
All participants were queried as to the self-
monitoring component of the app, while the other
components (sleep, sedentary, and exercise) were
asked only if they were randomized to that compo-
nent. Additionally, participants were asked questions
related to satisfaction with the app at the end of the
interview. These questions were developed by the
research team and pertained to whether they would
(a) recommend the app to another Veteran (yes/no),
(b) continue using the app after the study (yes/no), (c)
download the app from an app store if available (yes/
no), as well as (d) an overall satisfaction rating for
BeWell24 on a scale of 0 (not at all satisfied) to 10
(completely satisfied). The interviews were conducted
by trained research staff, audio-recorded, and lasted
approximately 30 min.

Data analysis—-Demographics, usage data, and satis-
faction ratings were summarized using means, stan-
dard deviations, frequencies, and percentages. To ac-
cess the objective usage data, .xml files generated by
the app and stored on a secure server hosting the app
were downloaded locally and summarized from sec-
onds to daily and weekly levels prior to descriptive
analysis. All quantitative analyses were performed us-
ing SAS Enterprise Guide 6.1 (Cary, NC, 2013).

Interviews were transcribed verbatim and analyzed us-
ing a case study approach in QSR NVivol0 (Cam-
bridge, MA, 2010). This approach allows the investiga-
tor to study multiple bounded systems (cases) from
interviews producing descriptive reports of cases and
common themes across these cases [41, 42]. Two coders
reviewed the data separately to develop themes and
then discussed these themes until they came to agree-
ment. Thematic categories were developed based on
the major topics of the interview questions [41].

RESULTS

Participants

Twenty-six participants were enrolled in the study.
Participants were 49.018.9 years of age (range, 36 to
65 years), primarily men (85 %), and Caucasian (73 %).
Participants were obese (BMI=35.0+8.3 kg/m®). Five
subjects withdrew from the study during the 3-week
run-in period and were not randomized. Reasons for
withdrawal were due to unrelated health concern (n=
1), burdensome assessment protocol (r=2), and loss of
contact (n=1). Four subjects were lost to follow-up
after randomization (17/21, 81 % retention). Reasons
for lost to follow-up were due to unrelated health
concerns (n=1) and loss of contact (r=3). There were
no differences in demographic characteristics between
withdrawn and lost to follow-up participants from par-
ticipants who completed the study (N=17). All avail-
able data, from both completers and non-completers,
are included in subsequent analyses. Only completers
participated in qualitative interviews at the conclusion
of the intervention (n sleep component=6; nsedentary
component=10; n exercise component=6).

Process-level usage statistics
Figure 3 displays usage data and reported time for the
self-monitoring component of the app. Usage
remained steady throughout the run-in and interven-
tion periods. On average, participants self-monitored
about 60 % of the 24-h day and this monitoring took
3-4 min per day to complete. Figure 4 displays usage
data for each of the sleep, sedentary, and exercise
components. Peak usage occurred during week 2 of
page 443 of 448
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the intervention for both the sleep and sedentary com-
ponents, but on average steadied at around 30 min/
week for these two components. Usage of the exercise
component remained lower than the sleep and seden-
tary components throughout the intervention period
(<10 min/week).

Qualitative interview results

Major themes emerged from the qualitative data relat-
ed to each of the app components. Self-monitoring
themes included awareness, ease of use, and time spent
using the self-monitoring component. Behavioral app
component (i.e., sleep, sedentary, and physical activi-
ty) themes included content, awareness/motivation or
behavior, and modifications/recommendations. These
are described in detail below.

Self-monitoring component (n=17)-Experience with the
self-monitoring component yielded three major
themes, including awareness, ease of use, and time
spent using the app. Participants reported that moni-
toring their activity helped them to become more
aware of their behavior, for example, “I could see from
the app that I needed to do more physical activity”;
these participants also mentioned that they liked to see
the data, e.g., “...my own little video game, trying to
level up the next day.” One participant felt that seeing
information on the app was discouraging because they
were more aware of sedentary behavior, “I was sitting
a lot of time because of my job, so that was kind of
discouraging.” The self-monitoring was reportedly
easy to use as several participants stated, “I found it
easy,” “it was easy to do,” and “it’s a simple program.”
A few participants mentioned that it was easy as long
as they did not experience problems, or remembered
to use the app. Many of the participants felt that the
app did not take that long to use. Participants stated
“[it] only takes a matter of minutes,” “10 minutes,” and
“[it] takes 30 seconds to program that thing every
morning.” One participant shared that it took a lot of
time to report activities at first; however, over time, it
became easier to use daily. Another participant men-
tioned it was used early in the intervention but then
“got less interested in doing it.”

Sleep behavior component (n=6)—Approximately half
of the participants indicated the sleep component was
easy to use when they stated, “real simple, push a
button,” and “pretty much straightforward.” In rela-
tion to content, one participant reported dissatisfaction
with the sleep component because “it didn’t tell me...
movement...or actual sleep.” Another participant
said, “It asked a lot of redundant questions.” A few
participants reported not liking the functionality of
entering information or the inability to see the infor-
mation entered. A participant reported liking the flex-
ibility of the sleep component because it allowed one
to push a button to start sleep or enter the time. Ap-
proximately half of the participants also reported
greater awareness of their sleep behaviors using the
sleep component. One participant said, “I stay in bed
too much,” while another said, “I don’t sleep as much

as I thought I was.” When asked about modifications
or recommendations for the app, a few participants
reported recommendations for some type of report/
results that they could “refer to” for information on
their sleep in the past (last week, day before, etc.).

Sedentary behavior component (n=10)-The three ma-
jor themes for the sedentary component of the app
were content, awareness/motivation for behavior, and
modifications/recommendations. With respect to con-
tent, participants suggested that the sedentary compo-
nent was easy to use, interesting, and easy to under-
stand. Some participants did not like the content. Their
reasons for dislike ranged from “didn’t have function-
ality” to “it’s just a pain and I don’t know the rewards
would be...worth the effort it took to mess with it.”
Many participants felt more aware of their sitting be-
havior as a result of using this component, “I'm more
aware...I just need to figure out how to motivate
myself to not sit so much.” Another participant said,
“...well the sitting was an eye opener for me.” One
participant reported behavior change as a result of the
awareness, “Made me get up and go down to the other
office, walking down instead of picking up the phone.
Made me walk across the hospital to show someone
where to go instead of sitting there trying to explain it.”
‘When asked about modifications or recommendations
for the sedentary component, a few participants sug-
gested having more options for “things to try... a
better list or more varied list.” Other participants said
they wanted to have a report, or results that provided
feedback about their total time sitting during a specific
day or in days/at times prior. One person felt giving
them a handout would have been just as effective as
the mobile phone app for modifying their sitting
behaviors.

Exercise component (n=7)-There were no clear
themes that emerged from the exercise component.
A few participants reported barriers to using the exer-
cise component of the app such as having “to make
more of an effort to take the time to complete it on my
own outside of the study... I'm bad at remembering to
do things with 2 small children.” Another participant
entered exercise information at the end of the day and
could not remember their activity, “sometimes it gets
late and then it’s like okay, what did I do this morn-
ing?” Another participant noted that “exercise is not a
word that is in my database.” A few participants shared
the same modification for the exercise component
suggesting that the app have the ability to track activ-
ities such as cleaning the house as opposed to lifting
weights. One participant suggested, “...include like
my activity with the kids ‘cause I felt like that was
more, ...it wasn’t as vigorous as running or jogging,
... think it would have been nice to include that in the
physical activity.”

Overall satisfaction ratings
Among completers, all participants (100 %) indicated

that they would recommend BeWell24 to another
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participant. The majority reported that they would like
to continue using the app (73 %) and would download
the app from an app store if it were available (82 %).
Finally, participants provided an overall satisfaction
rating of 7.2+ 1.7 (out of 10; range, 5-10).

DISCUSSION

The purpose of this study was to describe the develop-
ment and initial process evaluation of BeWell24, a
multicomponent smartphone application that targets
behavior change in sleep, sedentary behavior, and
physical activity. We found preliminary evidence that
BeWell24 is a feasible smartphone app for use among
Veterans with increased metabolic risk. The qualitative
data suggested that the app components, with the
exception of the exercise component, were regularly
used, and usage was sustained across the intervention
period. The qualitative interviews provided insights
into positive and negative features of the app and its
components. The satisfaction ratings suggested modest
to high ratings of the app overall with a willingness to
continue using the app.

There was considerable evidence supporting the
usefulness of the self-monitoring component of the
app. Participants were able to complete this portion
in <5 min/day, and there was consensus that it was
easy to use. This is an important finding given that
paper-based daily exercise and sleep logs often take
5 min or longer and may be more burdensome to
complete. The qualitative interviews indicated partic-
ipants were willing to check in with the app throughout
the day, suggesting perhaps more accurate self-
monitoring given reduced recall. It should be noted
that participants were given a brief training (approxi-
mately 5 min) at the beginning of the study on using
the self-monitoring component. This was in response
to our user testing that suggested it was necessary to
instruct participants on the “swipe and drag” interface
and how it can be optimally used. This brief training
circumvented initial frustrations with the app and like-
ly contributed to the reported ease of use in the sam-
ple. The other interesting finding was the roughly 60 %
completion rate of the 24-h period. It is difficult to
compare this completion rate with other studies given
that few other studies have implemented a full 24-
h protocol, and the duration (11 continuous weeks in
total) in which participants were asked to self-monitor
was quite lengthy. We also acknowledge that attrition
rates were higher than similar trials. It is possible that
this was due to overly burdensome self-monitoring;
however, there was no evidence to suggest a decline in
the completion rate through the run-in and interven-
tion periods. Alternatively, this attrition rate could
have been due to other factors specific to the Veteran
population, including busy schedules, lack of transpor-
tation for study visits, and other health complications.

Among the sleep, sedentary, and exercise compo-
nents, we found mixed acceptability. Based on usage
data, participants spent considerable time early in the
intervention period using the sleep and sedentary

components. This would be expected as there were
considerable techniques (shaping knowledge, natural
consequences) within these components that required
more intense reading and information gathering. Us-
age subsided after week 3, but remained at or near
20 min/week for the sleep and sedentary components.
Additionally, a theme that emerged in the qualitative
results across both the sleep and sedentary compo-
nents was the enhanced self-awareness of the partici-
pants’ behaviors.

Both usage data and qualitative results for the
exercise component were indeed in contrast to the
sleep and sedentary components. Usage of the ex-
ercise component was low throughout the inter-
vention period, and feedback from participants
during the interviews suggested a general lack of
satisfaction. While the sample was too small to
confirm, rates of lost to follow-up were higher
among persons assigned to the exercise compo-
nent, suggesting this dissatisfaction may have af-
fected overall participation in the intervention. Par-
ticipants reported a lack of identification with the
term “exercise” and were discouraged that lifestyle
behaviors of lighter intensity (e.g., household
chores, light gardening) were not targeted with this
component. In view of emerging data suggesting
the cardiometabolic benefit of light-intensity activ-
ity [13, 17, 43], the exercise component should be
re-formatted to support change across a wider
range of behaviors, including those of lighter in-
tensity. Indeed, this may also support greater syn-
ergies with the sedentary component, given that
reducing sedentary behavior often means re-
allocating time into standing and lighter forms of
walking and moving behaviors. These behaviors
may or may not be planned or intense enough to
be considered exercise, but nevertheless are health-
enhancing in nature [9].

Strengths and limitations
An important strength of this study was harnessing
the built-in capabilities of the smartphone to pas-
sively and objectively capture process-level usage
statistics. Furthermore, these usage patterns were
localized to specific components of the app, pro-
viding important insights for which components
were acceptable and which were not to the partic-
ipants. We also followed an extensive and iterative
design process which included design considera-
tions and feedback from a diverse set of stakehold-
ers. This included behavioral experts, mHealth
design experts, VHA clinical teams, and Veterans
themselves. The small sample size precludes any
definitive recommendations to be made about
BeWell24. However, the preliminary nature of this
study, along with the MOST design, was ideally
suited for this early-stage investigation and is ap-
propriate to inform larger-scale investigations with
an adapted and refined version of BeWell24. A
second important limitation to this study was the
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incomplete nature of the qualitative interviews and
satisfaction ratings given that we were unable to
ascertain these study elements from those lost to
follow-up. Our final sample of completers likely
provided a positively biased viewpoint of BeWell24
and its components, and understanding the reasons
and experiences of those who did not continue
using the app likely would have resulted in a fuller
understanding of how the app could be improved.

Future directions

Logical next steps for this work include refining
each of the app components, based upon feedback,
and testing BeWell24 in a larger cohort of Veterans.
From an efficacy perspective, results from the on-
going trial regarding changes in sleep, sedentary,
and exercise behaviors will largely guide the final
“packaged” intervention. However, the process-
level results presented here will inform interim
modifications that could be made to enhance the
potency of each of the included app components.
In addition, more in-depth and enhanced function-
ality could be included within each of these app
components and they could be tested as stand-
alone apps. This is currently underway with the
sleep component, where additional functionality
is being added and is being tested in a cohort of
Iraq and Afghanistan Veterans with insomnia. Fi-
nally, the promising findings related to the feasibil-
ity of a 24-h self-monitoring component suggest
this tool could have value as a stand-alone app or
to support other mHealth interventions. Important
next steps for this component include validation
against an objective monitor and integration with
consumer-based wearable monitors for more pas-
sive tracking.

CONCLUSIONS

BeWell24 represents a new approach to address dispro-
portionate rates of metabolic risk and related diseases
in Veterans by targeting the full 24-h spectrum of
health behaviors. Overall, BeWell24 was found to have
acceptable levels of usage and acceptability among
Veterans. This followed a very extensive app design
process which incorporated diverse perspectives
unique to this Veteran cohort. This formative work
will inform the final development of BeWell24 for use
in a larger-scale trial which leverages synergies across
the 24 h to improve cardiometabolic health in Veter-
ans and may also serve as a model for development
and process evaluation of mHealth apps in other
populations.
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