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Abstract

Background:

Smartphones are becoming increasingly ubiquitous every day; they are becoming more assimilated into our

everyday life, being the last thing used before going to sleep and the first one after waking up. This strong correlation between
our lifestyle choices and smartphone interaction patterns enables us to use them as sensors for sleep duration assessment to
understand individuals' lifestyle and sleep patterns.

Objectives: The objective of this study was to estimate sleep duration based on the analysis of the users' ON-OFF interaction
with their smartphone alone using the i SenseS|eep algorithm.

Methods: We used smartwatch sleep assessment data as the ground truth. Results were acquired with 14 different subjects
collecting smartwatch and smartphone interaction data for up to 6 months each.

Results: Results showed that based on the smartphone ON-OFF patterns, individual’s sleep duration can be estimated with an
average error of 7% (24/343) [SD 4% (17/343)] min of the total duration), enabling an estimate of sleep start and wake-up times

aswell as sleep deprivation patterns.
Conclusions:

It is possible to estimate sleep duration patterns using only data related to smartphone screen interaction.

(IMIR Mhealth Uhealth 2019;7(5):€11930) doi:10.2196/11930

KEYWORDS

mobile phone use; mobile health; behavioral research; well being

Introduction

Inthelast decade, smartphonesand mobile or connected devices,
in general, aretaking on abigger rolein our everyday life. Day
by day, thetime humans spend interacting with their smartphone
is increasing [1], both because these devices can now serve
more tasks, thereby helping us along daily life activities (eg,
for navigation and communication) and also because they are
designed to be engaging. Moreover, smartphones are equipped
with several built-in sensors, for example, accel erometer, light
sensor, and microphone that can provide valuable data, which
can be used to get an insight into an individua’s life. For
example, smartphones can be instrumented to provide
recommendations about lifestyle and to follow a specific

http://mhealth.jmir.org/2019/5/€11930/

exercise regimen [2], understand the user’s stress level [3], or
just provide overall support for lifestyle choices (eg, for exercise
and nutrition) to facilitate better aging [4].

One of the most important aspects of everyday life of individuals
that has gained a lot of attention recently is sleep. People’s
feelings and actions throughout the day are strongly correlated
with how much they slept (ie, the sleep duration) and how well
they dept (ie, the sleep quality). In general, sleep affects
personal health. An insufficient amount of sleep can cause
fatigue and lack of concentration during the day [5]. Moreover,
clinical studies show that poor sleep habits and sleep disorders
are related to many serious diseases, including obesity and
depression [6-8]. Increasing and converging evidence indicates
that much like the mgjority of other organisms on the planet
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[9], biochemistry of the human body varies predictably
throughout the day [10], aphenomenon known as the circadian
rhythm. It has even been proven that circadian rhythms affect
our mood, levels of concentration, digestion, sleep patterns, and
much more [11].

Theimportance of sleep in everyday life has driven researchers
to study if, and to which extent, more accessible devices, for
example, smartphones or wearabl e devices, can be used to assess
sleep quantity and quality of individuals and, in the long term,
help them understand how their sleep-related behaviors could
be changed. For these reasons, several developments related to
smart, personal, miniaturized, and affordable devices, including
smartwatches such as Fitbit [12], Withings [13], and Apple
Watch [14] that use an array of embedded accelerometers,
temperature, and heart rate sensors to estimate the sleep of the
user, will make accurate sleep information, measured at the
user's home, available to medical experts.

Moreover, arecent study by the Pew Internet and the American
Life Project found that 65% of mobile phone owners (and
impressively 90% of teens) sleep with their phone on or near
their bed, with many users using their smartphone as an alarm
clock [15]. Results presented in this study show how the
closeness of the smartphone in everyday life makesthis device
suitablefor understanding the leep habits of itsusers. Compared
with approachesthat require external devices, by only using the
smartphone, the cost of entry for asleep analysistool isreduced,
thus making this information more accessible to everyone.

In this study, we hypothesized that it is possible by using only
a smartphone, and in particular, the information related to the
users interactions with the smartphone screen, to understand
and estimate their sleep habits. In particular, we compare the
sleep duration derived from the smartphoneinteraction patterns
with the sleep duration estimated by a smartwatch worn by the
healthy study volunteers during the entire day and night. In our
research, we leverage the BASIS Peak Smartwatch (by Intel
Corp, SantaClara, CA, USA) [16]. In this study, we show that
itispossibleto estimate sleep duration of each user, based solely
on the smartphoneinteraction datasets, collected longitudinally
inaminimally obtrusive and lightwei ght way. On the one hand,
thisinformation can be very useful as a contextual background
to better diagnose sleep-related disorders once the individual
conducts the sleep lab study. On the other hand, according to
theliterature[17], thisinformation can be very useful to assess
(and potentially mitigate) the risk of developing an illness in
thelong term (eg, cardiovascul ar disease and diabetes) correlated
with unhealthy sleep patterns. The proposed approach is not
intended to facilitate real-time sleep detection and rea-time
intervention but to facilitate longitudinal assessment and
behavior change.

Methods

Study Design

Thegoal of our research isto understand how and to what extent
it ispossibleto use only smartphones, and in particular, the data
related to the interactions of the user with the smartphone screen,
to evaluate the sleeping patterns of the user and have an insight

http://mhealth.jmir.org/2019/5/€11930/
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about his or her routines (eg, sleep deprivation) that could lead
to adisease later in the individuals' life.

Sleep Logs

Thefirst point necessary to addressisrelated to the ground truth
data, for example, sleep logs of each individual that will later
be compared with the results of the smartphone-based
computational modeling of the sleep behavior. Thefirst option
for annotating data was the usage of adiary where users could
annotate sleep moments before going to sleep and when waking
up [18,19] or daily reconstruction methods [20] to interview
the users with the aim of reconstructing their daily habits,
including sleep. These methods are proneto possibl e subjective
errors and imprecision stemming from forgetfulness of the
participants to complete the logs, memory bias, or providing
information about when they went to bed but not necessarily
when they started sleeping. For these reasons, we decided to
base our research on more reliable data, which could give a
precise insight into their sleeping behavior.

We provided the users with a BASIS Peak Smartwatch [16] to
wear intheir daily life. The Basis Health Tracker (by Intel Corp,
Santa Clara, CA, USA) is a wristwatch with an embedded
actigraph. Besides the standard features provided by this
smartwatch, for example, step counter, calories burned, and
heart rate, the important aspect of this device is that it can
automatically detect sleep episodes. Given the evidence from
the medical literature, BASIS can be considered as a baseline,
asit isthe closest to the ground truth of sleep assessment than
any other self-reported method. The BASIS sleep duration
estimation has been successfully evaluated within diverse studies
against gold standard polysomnography, for example, by Patel
et a [21], who showed no statistically significantly different
results for the total leep time comparing the 2 methods for 40
participants.

The on-board algorithm of the smartwatch providesinformation
about the different sleep phases (rapid eye movement, light,
and deep sleep) based on the user’s physiological measures;
however, we are interested mainly in the following: the start,
the end, and the duration of the sleep of each user. Another
feature of the BASISisthe ability toidentify dleep interruptions
during the night. Interrupted sleep occurs when a subject wakes
up for few minutes and, for example, goes to a bathroom, and
then goes back to seep in less than 15 min. In this case, the
sleep duration for the night is reduced by the duration of the
interruptions. Thereisalso an option for unknown values being
provided by the BASIS, which represent the cases in which the
BASIS on-board agorithm is unable to interpret the
physiological measures and to classify the type of sleep
(typicaly such alack of knowledge is due to insufficient heart
rate coverage). In such a case, if the set of unknown values is
between 2 dleep episodes and is less than 15 min, it is aso
considered as a deep period; it is discarded otherwise.

Smartphone Logs

This study aims to understand if it is possible to analyze the
users interaction with the smartphone to infer their sleep
patterns. For this reason, we were interested in collecting data
about the interaction of the user with his or her smartphone,
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and, in particular, when the user turns ON and OFF the
smartphone screen—assuming that it is the smartphone owner
turning ON or OFF the phone; interacting with his or her
smartphone and hence, not sleeping.

To collect these data, we instrumented the smartphone with the
mobile Quality of Life logger (mQoL-log) [22]. This app,
developed by the Quality Of Life Technologies (QoL) Group
at the University of Geneva (Switzerland, gol.unige.ch) and
currently used in the QoL Living Lab (mgol.unige.ch), can
collect and register most of the events that take place in the
smartphone. For example, it collects time-stamped data about
the apps used (eg, Facebook and email), the screen events such
as the screen being turned ON or OFF, the physical activity of
the users (walking and running) and used network 3G/4G or
Wi-Fi performance information. All the data collection and the
task of uploading it to the dedicated QoL lab server are made
automatically inthe app background, and thereisnointerference
with the daily routine of the smartphone use. In this way, the
mQoL-log collects data unobtrusively, without affecting the
daily life of the users. Despite al the information available and
the vast data being collected from the smartphone users, the
algorithm presented in this study uses only information related
to the state of the screen (screen ON and screen OFF), to
minimize the amount of data being used and its potential
privacy-obtrusiveness, and hence, maximize the user acceptance
for the algorithm. In particular, the mQoL-log logs 3 different
events: SCREEN ON, SCREEN OFF, and screen PRESENT.
SCREEN ON representsthe screen being turned ON, PRESENT
when the screen is unlocked and the smartphone is ready for
interaction with apps, and SCREEN OFF when the screen is
turned OFF. It is important to note that the ON state of screen
considered in this study only corresponds to user-interaction
events, that is, SCREEN ON is recorded only when the user
touches the ON button and not when the screen lights up in
response to, for example, notifications and without necessarily
being initiated by the user.

Ciman & Wac

Figure 1 represents the timeline of the events when the screen
is turned ON and OFF, or turned ON, unlocked (PRESENT),
and turned OFF.

The basic requirement of the algorithm, denoted i SenseSleep,
is to identify when the user is sleeping by only analyzing the
user's smartphone interaction data, and, in particular, when the
screen isturned ON and OFF.

i SenseSleep relies on two consecutive functions: (1) identifying
what areall the possibletimeintervalsaong 2 consecutive days
that could identify as sleep episodes and (2) evaluating these
episodes to determine which one is the most probable one to
represent the longest (likely overnight) sleep.

Thefirst function works asfollows: We denote the screen event
asatuple of SCREEN ON and SCREEN OFF events recorded
consecutively by the mQoL-log (so, both cases in Figure 1
represent a screen event). Given a list of screen events for 2
consecutive days, the first step of the iSenseSleep algorithm is
to identify all tuples, that is, consecutive screen events that are
separated by at least 4 hours. Second, theiSenseSleep algorithm
evaluates the SCREEN ON events in the morning hours after
at least 4 hours since the last SCREEN OFF event. The
algorithm reasons if the SCREEN OFF event before the
SCREEN ON at the wake-up timeis really the event when the
user went to sleep (along the evening hours) or an event in the
middle of the night when he or she woke up and checked the
smartphone. For this reason, the algorithm clusters all possible
eventsaround this SCREEN OFF event (if there are other events
in the range of 5 min) and picks up the previous SCREEN OFF
event (before the onein the middle of the night) that isregistered
at least 2 hours earlier that night. If thisisthe case, i SenseSleep
assumes the last screen event considered for sleep duration
calculation as the last one before the sleep break in the middle
of the night.

Figure 1. Different screen events recorded by the mQoL -log (Left: Screen ON and OFF; Right: Screen turned ON, unlocked (PRESENT), and turned

OFF). mQoL-log: mobile Quality of Life logger.

SCREEN_ON SCREEN_OFF
event event

Time

The operation of identifying the possible sleep episodes is
repeated until all the screen events (SCREEN OFF and SCREEN
ON) are analyzed. Once (1) the function of the algorithm
providesthelist of timeintervalsrelating to sleep episodes, (2)
the evaluation function derives 3 scoresto provide a likelihood
value for all the episodes to understand which one most likely
relates to the overnight sleep episode of the user. To do this,
the function (2) assigns a score to the different episodes
identified by (1) along 2 consecutive days, comparing it with
the assumed time to bed (eg, how far it is from 22 hours or 10
pm) and the identified time of wake up, for example, how far
it is from a normal wake-up time (derived based on the entire
smartphone log dataset). Function (2) also assigns a score to a
sleep episode by evaluating how much time passed between the

http://mhealth.jmir.org/2019/5/€11930/

PRESENT
event
| 1 |
| | ! Time
SCREEN_ON SCREEN_OFF
event event

usual wake-up time during weekends and weekdays, and what
is the total duration of the sleep for this episode. On the basis
of these 3 values, the function provides an evaluation of all the
possible episodes to select the one that identifies the overnight
sleep of the user with the highest probability.

User Study and Data Collection

For this research, we recruited both young university students
(10) and adults (working mothers, 4), 14 in total, to have 2
different groups of individuals and to understand the behavior
and the performance of the algorithm with 2 different daily
behaviors and daily usage of the smartphone. In particular,
students can be considered as more digitaly native [23], hence
more attached and closer to their phone, while working mothers
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are probably less attached, as they have an entirely different
lifestyle from students and are busy with work and caregiving
activities. Thisisalso reflected in the fact that we had aimed to
recruit 10 working mothers but given the time constraints on
the recruitment and the lack of immediate availability of the
potential participants, we failed to do so. The study has been
approved by the IRB of University of Copenhagen (Denmark)
in 2015 under the protocol number 2015-15-0117/519-0019
/15-5000 and took place at the end of 2015-mid 2016 in
Copenhagen, Denmark.

For the women group (S01-S04), we initially recruited 4
working mothers (in their 30s and 40s, caring for at least 1
child), whereas for the student group (S05-S14), we recruited
10 participants (aged between 18 and 30 years, 8 of them are
males). For each user, we provided 1 BASIS Peak smartwatch

Ciman & Wac

and installed the mQoL -log app on his or her smartphone. The
users were encouraged to wear the watch at all times, even for
sports and under the shower. The smartphone and smartwatch
data were automatically synchronized with the QoL servers
without the intervention or interaction of the users.

Participation in the study was free, and participants could |eave
the study whenever they wanted, in addition to having autonomy
of wearing the smartwatch or not. The working mothers group
provided an average of a bit more than a month of data—that
is, 46 days of data (+23), whereas the students’ group—almost
5 months of data—that is, 148 days (+64), with some
contributing full 6 months of data. Table 1 provides the total
amount of participation days, whereas Figure 2 shows the
distribution between weekdays and weekends (Saturday and
Sunday).

Table 1. Number of participation days (S01-04: working mothers; S05-S14: students).

Subject ID Weekdays Weekend days Total days
S01 14 3 17
S02 70 12 82
S03 40 6 46
S04 34 6 40
S05 187 30 217
S06 168 23 191
S07 147 23 170
S08 167 15 192
S09 145 18 163
S10 115 18 133
S11 114 13 127
S12 45 5 127
S13 16 2 18
S14 190 27 217

http://mhealth.jmir.org/2019/5/€11930/
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Figure 2. Percentage distribution of week or weekend days for each study subject.
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Trial Registration

Study protocol “Understanding Diverse Factors Influencing
Individuals' Sleep Quality And Smartphone-Based Ubiquitous
Assessment Of Individual Sleep Patterns’: Protocol
2015-15-0117/519-0019/15-5000 approved by the Institutional
Review Board, Faculty of Science, University of Copenhagen,
Denmark; Protocol Director: Professor K Wac, Active since
2015.

Results

Sleep Duration

The dleep duration derived by the iSenseSleep agorithm
presented in the previous section has been compared with the
ground truth data provided by the BASIS smartwatch. The
average sleep duration, as measured by the BASIS and the
iSenseSleep algorithm, are provided for both the working
mothers’ group and the students’ group (Table 2).

Recommended Sleep Duration

Figure 3 provides the data calculated using iSenseSleep
algorithm and the BA SIS data compared with the recommended
amount of deep hoursfor healthy adults[24], aswewill discuss
further in this paper.

We additionally compared differences between the beginning
and the end of the sleep, to have acloser look in how much time
passes between when the person stops using the smartphone
(ie, when thelast smartphone event (ON or OFF or PRESENT)
is recorded) and he or she falls asleep according to the
smartwatch. We report the cumulative average difference

http://mhealth.jmir.org/2019/5/€11930/
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between the BASIS smartwatch and i SenseS|eep-derived time
for the beginning and the end of the sleep. Values are cal culated
considering the absol ute value of the difference. Table 3 shows
the average error (SD) of the i SenseSleep algorithm for sleep
duration, sleep beginning, and sleep end times for working
mothers’ and the students’ group.

As we can see from the results, the error made by the
i SenseSleep algorithm is on average approximately 13% of the
deep duration value for the working mothers group
(corresponding to average of 53 min), or approximately 7% for
the students’ group (corresponding to average of 24 min). If we
divide the days between weekdays and weekends, the
iSenseSleep error is similar for weekdays (12%+10% for
working mothersand 7%+6% for students), whereasit increases
to 13% when considering only weekends for working mothers
and to 9% for the students’ group. Overall, the sleep duration
error is persistent for working mothers, while it is lower for
weekdays and larger for weekends when considering the student
population.

The iSenseSleep error for the start time and the end time of the
sleep is dightly higher both for the women and the students’
group. In particular, the starting time error for the working
mothers' datasets is about 108 min (26% of the entire sleep
duration), whereas for the students, this error is about 79 min
(18%) on average for al days together. During the weekdays,
the error is the same for working mothers, and it increases by
an additional 18 min for students—resulting in 97 min (23%).
The sleep start time error is the same for the working mothers
across the whole dataset, whereas it is higher for the students
at weekends.
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Table 2. Average sleep duration comparing the BASIS smartwatch and the i SenseSleep algorithm.

Group and subject ID

Sleep duration (min), mean (SD)

All days Weekdays Weekend days
BASIS iSenseSleep BASIS iSenseSleep BASIS iSenseSleep
Mothers
so1 393 (10) 418 (14) 393 (13) 409 (15) 389 (20) 458 (18)
02 402 (15) 507 (16) 406 (17) 509 (25) 378 (23) 493 (19)
S03 455 (13) 377 (34) 464 (10) 377 (29) 392 (30) 379 (17)
S04 446 (15) 444 (25) 437 (18) 433 (17) 503 (15) 506 (23)
Students
305 429 (15) 481 (23) 436 (15) 483 (20) 386 (29) 465 (15)
S06 473 (16) 478 (25) 474 (10) 485 (15 461 (22) 429 (24)
07 377 (22) 377 (24) 378 (30) 376 (15 374 (23) 384 (37)
S08 450 (13) 454 (35) 449 (13) 450 (23 453 (35) 479 (17)
S09 482 (14) 459 (24) 486 (29) 463 (18 443 (35) 429 (27)
S10 478 (16) 446 (36) 481 (24) 441 (37 453 (27) 476 (19)
s11 409 (19) 378 (45) 417 (17) 381 (23 344 (34) 350 (24)
s12 417 (24) 374 (16) 408 (27) 376 (29 501 (24) 362 (16)
S13 462 (16) 346 (25) 454 (24) 355 (35 519 (12) 272 (23)
S14 452 (29) 426 (39) 450 (23) 424 (34 468 (29) 434 (26)

Figure 3. Average sleep duration by the BASIS smartwatch and i SenseSleep versus the recommended sleep per night (gray line: 7 hours=420 min;
yellow line: 9 hours=540 min).
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Table 3. Sleep statistics' differences between the BASIS smartwatch and the i SenseSleep algorithm.

Group All days, mean (SD) Weekdays, mean (SD) Weekend days, mean (SD)
Min Percentage Min Percentage Min Percentage
Working mothers
Sleep duration 53 (41) 13 (10) 53 (43) 12 (10) 50 (45) 13(12)
Sleep start time difference 108 (28) 28(8) 108 (32) 26 (9) 108 (43) 27 (12)
Sleep end time difference 83 (28) 20 (9) 86 (34) 21(9) 65 (41) 17 (9)
Students
Sleep duration 24 (17) 7(4) 32(27) 7(6) 41 (40) 9(8)
Sleep start time difference 79 (16) 18(3) 78 (17) 18(3) 97 (18) 23 (6)
Sleep end time difference 68 (22) 17 (5) 72 (25) 16 (5) 84 (47) 20 (13)

The end time error is similar to the start time error but higher
than the error for the sleep duration. In particular, the working
mothers group has an average error of 83 min (20%)
considering al the daystogether, or 86 min (21%) for weekdays
and 65 min (17%) for weekends. On the other hand, for students,
the average error is 68 min (17%) considering all the days
together, and 72 min (16%) for weekdays and 84 min (20%)
during weekends. The sleep end time error is higher for the
weekdays for the working mothers than at the weekends,
whereas the opposite is true for the students.

In the following section, we provide a discussion about these
results and how they can be interpreted and leveraged when
designing technol ogies hel ping individual sto devel op healthier
sleep habits.

Discussion

Principal Findings

Results show that based on the smartphone ON-OFF patterns,
anindividual’s sleep duration can be estimated with an average
error of 24 + 17 min (7% + 4% of the total duration), enabling
estimates of deep start and wake-up times as well as sleep
deprivation patterns.

To evaluate the accuracy of the iSenseSleep agorithm, we
caculated the dtatistical significance between the average
duration of the sleep cal culated by the algorithm and the ground
truth data provided by the BASIS smartwatch. Assuming a
normal distribution of the datasets, if the P valueislarger than
.05, it indicates that there is no significant difference between
values provided by the two, and therefore, the iSenseSleep
algorithm is adequate. We performed a paired, one-tailed t test
to compare the 2 values of sleep duration. For the al days, for
the working mothers’ group, P=.35, whereas for the students

group P=.14. We conclude that the i SenseSleep algorithm that
is based only on the smartphone interaction data analytics can
be used to estimate the sleep duration within agroup of subjects.
Moreover, t test results conducted for each single study subject
show the algorithm’s performance within subject. Results are
provided in Table 4.

As we can see from Table 4, for less than 50% of participants
(6 over 14), the average d eep duration estimated by i SenseSleep

http://mhealth.jmir.org/2019/5/€11930/

isstatistically different from the ground truth data; thisismostly
because of iSenseSleep underestimating the sleep duration of
the individual. Given this result, it is possible to make severa
conclusions about the performance and validity of our algorithm.

First of all, using only the data related to screen events of the
smartphone, for example, SCREEN ON and SCREEN OFF, in
this study, we have shown that it is possible to provide an
estimate of the smartphone owners' sleep duration with asmall
probability of the estimation error being at most around 100
min.

In addition, considering the sleep duration recommendations
[24] for the adult category, from the data calculated using the
algorithm, it is possible to see that only afew of the users sleep
on average enough during the night (eg, S03, S06, S09, and
S10), whereas all the others lack deep. Some of them, for
example, S01, S02, S07, and S11, may even suffer from sleep
deprivation and should increase the amount of sleep time. For
smartphone users who are likely to rely on their phones more,
deep deprivationisvery likely to be captured by theiSenseSleep
(S01, S07, and S11), despite the sleep duration’s estimation
error. For others, such as S03, S12, or S13, the feedback to the
user could be to stay away from interacting with their phone
during the night (eg, implementing automatic switching OFF
function) because even if they are sleeping long enough (as
underestimated by the i SenseSleep algorithm), the night phone
sleep breaks lasting more than 5 min are not healthy.

Moreover, there are other aspects of the algorithm that are
interesting. First of all, the accuracy of the algorithm is higher
when cal cul ating the duration of the sleep than when eval uating
the individual’s dleep start or end time. This result can be
explained by the fact that usually when people wake up, before
using the phone or turning it ON, they stay in bed without
sleeping and just wait for the right moment to get up. Moreover,
when going to sleep, even if the smartphone is one of the last
things an individual is interacting with, there is an amount of
time that passes before the person will effectively fall asleep.
These 2 conditions make the identification of the moment of
deep start and wake-up times more challenging than the
calculation of the duration of the sleep, which isthen shiftedin
time with respect to sleep start or end time yet adequately
estimates the duration.
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Table 4. Average sleep duration by the BASIS smartwatch versus i SenseSleep algorithm, and statistical significance tests.

Subject ID Min, mean (SD) P value® Algorithm estimate Sleep deprived?

(Under or over)
BASIS i SenseSleep BASIS Algorithm

s01 393 (10) 418 (14) 31 _a Yes No

S02 402 (15) 507 (16) <.001 Over Yes No

s03 455 (13) 377 (34) <.001 Under No Yes

S04 446 (15) 444 (25) 46 — No No

S05 429 (15) 481 (23) <.001 Over No No

S06 473 (16) 478 (25) 27 — No No

S07 377 (22) 377 (24) 50 — Yes Yes

s08 450 (13) 454 (35) 38 — No No

S09 482 (14) 459 (24) .06 — No No

S10 478 (16) 446 (36) 23 — No No

s11 409 (19) 378 (45) .002 Under Yes Yes

S12 417 (24) 374 (16) 20 — No Yes

S13 462 (16) 346 (25) .003 Under No Yes

S14 452 (29) 426 (39) .002 Under No No

#The i SenseSleep algorithm estimates sleep duration accurately (does not underestimate or overestimate)

PResults were deemed statistical ly significant at P<.05: the algorithms differ.

The second aspect we can see from the results is a comparison
between weekdays and weekends. Both for theworking mothers

group and the students' group, the accuracy of the algorithm
during weekdays is higher with respect to the accuracy during
weekends. This may come from 2 different lifestyle choice
aspects. The first one is related to the fact that during the
weekends, lifestyle of each personisless standard and coherent
with respect to the rest of the days, such as socializing in the
evening, eating together outside of the house, etc, thus strongly
reducing the amount of time spent with the smartphone.
Interestingly enough, mothers have less error for the wake-up
time at weekend, than at the weekdays—meaning that they must
pick up their phone early at the weekend to, for example, leave
the house with the family. In weekdays, they may be occupied
with preparing the children alone—before they pick up their
phone when leaving the house. In contrast, the students pick up
the phone earlier at the weekdays (exhibiting smaller error for
the wake-up times)—most likely being late for school or work,
whereas leaving it longer behind at the weekends (most likely
staying longer at home beforeleaving for shopping or weekend
activities). On the other hand, the number of weekendsis much
lower than the number of weekdaysin our dataset, thus reducing
the accuracy of the algorithm because there is fewer data
available to compare with the ground truth.

Comparing the 2 user groups, what is clear isthat the accuracy
of the algorithm is higher when considering the students’ group,
compared with the working mothers’ group. Despite the fact
that the number of working mothersis lower than the number
of students, what influences the accuracy of the algorithm is
probably the users' lifestyle and the closenessto the smartphone.
In particular, students can be considered more digitally native
than working mothers, thus making their last interaction with
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the smartphone closer to their sleep time. Working mothers may
have family commitments and make behavioral choicesresulting
in adifferent relation between their sleep and their smartphone

usage.
Limitations

i SenseSl eep provides an estimation of the sleep duration patterns
of its user; however, it has some study limitations as well as
algorithm-specific limitationsthat can reduceitstotal accuracy.

Overdll, the limitation of the algorithm is that it may not be
representative for all populations and be more suitable for
digitally native popul ations[23]. Overall, given the small sample
of working mothers, the results gathered for this population are
rather indicative and cannot be conclusive. We admit that
limitation and at the same timeindicate that, overall, as mobile
users become increasingly more attached to their phones, the
algorithm will be able to provide more accurate Sleep
assessments for a larger variety of populations than initialy
planned for, for example, for older usersrelying on smartphone
for their daily life tasks, including using their smartphone asan
alarm clock [15].

Somehow related to this, alimitation of the algorithm may stem
from the choi ce of baseline method for its comparison. Namely,
leaving out a choice of the smartwatch datasets as a baseline,
we could have selected other, more smartphone-rel ated baseline
methods. In the related work section, we indicate the other
smartphone or HCI-analysis methods with an error of 42 min
(Chen et d [25]) or 45 min (Abdullah et a [26]) for Sleep
duration; these methods leveraged microphone and luminosity
sensors besides, for example, charging patterns. In contrast, in
this work, we leverage only ON or OFF button of the
smartphone without privacy-sensitive data sources such as
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microphone. In addition, our results are supported by 14
participants engaged in data collection of up to 6 months
compared with 8 people 1 week per person study (Chen et al)
or a study with 9 persons for 3 months (Abdullah et al).
Therefore, even if the choice of baseline may seem to be a
limitation, we claim that the choice of validated BASIS
smartwatch data is motivated toward this end.

As the first limitation related to the algorithm itself, we
recognize that the algorithm is suitable for modeling sleep
duration and sleep patterns of users who study or work in
conventional daylight hours [27], and it is not suitable for
modeling sleep duration and sleep patterns of users who study
or work on shifts or aong unconventional hours (7% of
population of employed adultsin Europe and 16% in the United
States [27]), who do not sleep during standard sleeping times
but whenever they can depending on working shifts. This
problem is not easy to solve using only the screen events of the
smartphone, as the algorithm assumes sleeping episodes
occurring during the night (after 10 pm or 22 hours), thus
penalizing the possible sleeping episodes that are not within
this time range. On the other hand, removing the penalization
of the possible sleep episodes that are far from the night-sleep
times imposes to calculate the likelihood function using only,
for example, the length of the possible sleep duration, hence
strongly reducing the accuracy of the algorithm in standard
conditions and sleeping patterns. For example, imagine a
primary school teacher not touching the phone over consecutive
6 or 8 hours of work time, which would end up being assessed
as sleeping along the day, while completely inaccurate. One
possible way to overcome this limitation is to introduce a short
user profile that may calibrate the iSenseSleep given the
individual's self-declared standard sleeping times.

The second limitation is related to the usage of the smartphone
by the user and is something that is already highlighted by the
accuracy of the algorithm during the weekends or with the
working mothers’ group. In particular, if the individual is not
very attached to the smartphone, meaning that the smartphone
isnot used frequently along the day, especially in the evenings,
the algorithm overestimates the time the user goes to bed and
underestimates the time when he or she wakes up, asthereisa
non-negligible delay between the last and the first smartphone
interaction versus when the user goes to bed and wakes up. To
mitigate this problem, one possible solution is to use other
sensors available on the smartphone, such as, for example, the
accelerometer and built-in activity recognition, or sense if the
phoneischarging, to understand if the smartphone, and therefore
the user, is potentially still awake and moving around.

Comparison With Previous Work

This paper aims to understand in which way inclusion of a
smartphone in our everyday life activities can be leveraged to
understand our sleep patterns. For example, Dey et a [28]
conducted an empirical experiment estimating how close the
smartphone is to its user along daily life activities. With this
study, they showed that the smartphone is at the room distance
for almost 90% of the time and that it is possible to predict the
proximity level of the smartphone with about 80% accuracy
with features simple to collect and model on the smartphone
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itself (eg, Wi-Fi AP name). This and studies by Patel et al
[29,30] show how smartphones are getting closer to their users
day by day; hence, they can be leveraged to longitudinally and
in a minimally obtrusive and lightweight way sense users
lifestyle and infer some aspects (including sleep) without users
intervention or explicit data input.

Assdleepisone of themost important aspects of our life, severa
researchers have focused their attention on how it is possible
to understand and infer sleep patterns of smartphone users. For
example, Abdullah et al [26] showed how phone usage patterns
could be used to detect and predict individual daily variations
indicative of temporal preference, sleep duration, and sleep
deprivation. They followed 9 participants for 97 days and
collected ground truth data using a manual journal where
participants annotated their sleep moments during the night. An
average sleep duration error among all the participants was
about 45 min (10% of the average sleep duration).

Inaddition, Lane et a [31] assessed the sleep, physical activity,
and social interactions leveraging several smartphone sensors;
for deep, they leverage phone charging patterns, accel erometer,
aswell as microphone data to understand the noise level of the
environment the user isin and to classify the activity as sleeping
(or not). Lane et a used logistic regression models for sleep
duration estimate, and the results were provided only for 5
persons, each collecting 1-week of data via self-reports. The
error with respect to the sleep duration was reaching up to 1.5
hours.

Chen et al [25] developed an algorithm for sleep detection using
sensorsavailable on the smartphone, in particular, charge events,
time, and length of smartphone usage and microphone or
luminosity sensor. Combining all the information available,
they developed the Best Effort Sleep model, which was tested
on a 1-week 8-person study comparing the cal culated datawith
the Zeo headband and the Jawbone wristband, resulting in an
average error of sleep duration of about 42 min.

Contrary to the above-mentioned works of Abdullah et al [26],
Laneet a [31], and Chen et a [25], i SenseSleep approach results
in smaller average error for the sleep duration without using
privacy-sensitive datasets from the user's smartphone.
Furthermore, we have used wearabl e datasets as aground truth,
to avoid the use of subjective self-reported data used by
Abdullah et a [26].

Min et al [32] developed an algorithm for sleep detection based
on smartphone sensors, and in particular, using the
accelerometer, the microphone, the ambient light sensor, the
screen proximity sensor, the running processes, the battery state,
and the display screen state. They used all these sensors to
devel op an agorithm tested with 27 participants during 1 month.
Ground truth datawere collected using aseep diary. Thesystem
classified correctly sleep state with a 93% accuracy and overall
sleep quality with an 81% accuracy. Sleep duration was neither
modeled nor eval uated.

Hao et al [33] developed i Sleep, a smartphone app that usesthe
built-in microphone of the smartphone to detect the events that
arerelated to sleep quality, such as body movements, coughing,
and snoring, and infer quantitative measures of sleep quality.
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The model is based on a decision-tree agorithm to classify
various events and calculate acoustic features. They tested the
algorithm with 7 participants during 51 nights of sleep, and the
accuracy was above 90% for event classification in different
scenarios. Sleep duration was neither modeled nor evaluated.
Contrary to Min et a [32] and Hao et a [33], iSenseSleep
approach focuses exclusively on the sleep duration without
leveraging the privacy-sensitive datasets from the user's
smartphone.

Furthermore, the authors of Somnometer (by Shirazi et al [34])
developed their own app (al so connected to social network) that
acts as an alarm clock, and they have evaluated the sleep
duration for an individual based on data collected within the
app. The authors compared the sleep duration assessed by the
app with the wearable device (HedgeHog) for 20 nights and
concluded that their app can be used as a sleep duration sensor
(without providing numerical results supporting its accuracy).
The work on Somnometer focused then on the social sharing
features and their update among the Somnometer users.

Compared with the presented approaches, our approach is
dightly different becauseit aims at understanding sleep duration
of each individual considering only the interaction they have
with their phone, without using information collected from other
sensors, especially privacy-sensitive  sensors  such  as
microphone, used by many other authors indicated above.
Moreover, ground truth data are not collected using diaries or
other methods that are affected by a subjective self-report error
but using objective data collected from a smartwatch. In this
research, we show how smartphones are becoming accurate
proxies of our everyday life and that they can be easily used to
provide an estimation of individuals' sleep duration.

Conclusions

Smartphones are getting becoming increasingly ubiquitous every
day, getting closer to their owners, being carried around in a
pocket, and becoming moreintegrated into the everyday life of
individuals. This proximity of the smartphone with the daily
life of users opens the door to many different opportunities for
leveraging smartphone use to bring more understanding of the
daily activities and routines of the users.
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In this study, we presented the possibility of evaluating users
deep patterns by analyzing their interaction with their
smartphone, and in particular, only the smartphone screen
interaction data (screen ON and OFF). The approach presented
here, denoted iSenseSleep; is lightweight; nonintrusive, as it
does not affect individuals' life; privacy preserving because it
does not use any privacy-related information (eg, phone
microphone or light sensors); and it islow cost because it does
not require any other external devices for sleep duration
estimation. i SenseSleep has been evaluated against the wearable
BASIS peak datasetsfor 2 different user groups, one consisting
of 4 working mothers, and another comprising 10 students.
These 2 groups can be considered very different from each other
because the second one is significantly more digitally native
than the first one; usually the usage of smartphoneis higher in
adol escents and young adults than in adults. Results show how,
on average, the difference between the sleep duration cal culated
with the algorithm and the ground truth data of the smartwatch
isabout 53 min for the working mothers' group and 24 min for
the students' group, that is about 13% and 7% with respect to
their total sleep duration. This error is amost the same for
weekdays and dlightly higher (13% and 12%) for weekends.
Moreover, the results show that the differencein sleep duration
evaluated by the iSenseSleep and by the BASIS is not
statistically significant. These results support the possibility of
using smartphones as a nonintrusive, cheap sleep duration
pattern analyzer.

In the future, we plan to increase the accuracy of the algorithm
to have more precise data about individuals sleep behavior
(beyond the sleep duration), relying on, for example, historical
trends of the user’s behavior that could help us understand,
which are the sleep episodes, and to analyze if and to what
extent, there is a correlation between sleeping patterns of the
users and their interaction with the smartphone in terms of usage
time, applications used, etc. In addition, more specific efforts
will be provided for estimating the wake-up time—as a
consistent wake-up time is being recognized by the medical
expertsasan important contributor to one'swellnessand health
state in the long term.
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Abstract

The explosion of mobile health (mHealth) interventions has prompted significant investment and exploration that has extended
past industry into academia. Although research in this space is emerging, it focuses on the clinical and population level impact
across different populations. To realize the full potential of mHealth, an intimate understanding of how mHealth is being used
by patients and potentia differences in usage between various demographic groups must also be prioritized. In this viewpoaint,
we use our experiences in building an mHealth intervention that incorporates an iOS app, Bluetooth-enabled blood pressure cuff,
and Apple Watch to share knowledge on (1) how user interaction data can be tracked in the context of health care privacy laws,
(2) what isrequired for effective, nuanced communication between clinicians and engineers to design mHealth interventions that
are patient-centered and have high clinical impact, and (3) how to handle and set up a process to handle user interaction data
efficiently.

(JMIR Mhealth Uhealth 2019;7(5):€14124) doi:10.2196/14124
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decision making, researchers need to create an actionable
knowledge base to identify the most effective, safe, and scalable
interventions for improving individual and population health.

Introduction

Mobile health (mHealth) interventions promise to improve
patient outcomes, increase self-management and health literacy,

mHealth studies evaluating clinical and population-level impact
reduce health disparities, increase accessto health services, and

have made strides in this direction. For example, BlueStar by

lower health care costs in ways previously unachievable [1,2].
However, much work is needed to move mHealth from theivory
tower of academiaor the offices of startup companiesto clinical
practice, where mHealth interventions can be prescribed as
adjuncts to therapy. To facilitate clinician and policy-maker

http://mhealth.jmir.org/2019/5/€14124/
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WellDoc, a Food and Drug Administration (FDA) cleared
mHealth intervention for patients with type 2 diabetes,
demongtrated asignificantly lower mean decreasein hemoglobin
A, over 1 year compared with the usual care group [3].

Similarly, a 2016 systematic review and meta-analysis found

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 [e14124 | p.16
(page number not for citation purposes)


mailto:lochanshah2019@gmail.com
https://mhealth.jmir.org/2022/8/e41813
http://dx.doi.org/10.2196/14124
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

that across 27 studies, the mHealth group compared with the
usua care group had increased adherence to medical therapy
and ability to reach blood pressure and exercise goals [1].
However, other studies have found mixed resultsfrom mHealth
interventions and have further concluded that the evidence for
efficacy is till limited [4]. One concern that has been raised is
the diversity of patient demographics and how this might lead
to differential intervention usage and effectiveness. Indeed,
studies have found that sex, age group, ethnicity, and family
history significantly affect user engagement and that patients
who are more engaged with a given mHealth intervention may
be more likely to achieve the intended clinical outcomes [5-7].

Thus, to realize the full potential of mHealth interventions,
validation of individua clinical outcomes is not enough.
mHealth interventions are typically complex with multipleaims
and components, including educational material, self-monitoring
tools, and various other aspects of health behavior change
constructs. Making meaningful insights and developing
recommendations require understanding the causal model of
how the intervention will achieve itsintended benefit, how key
components of the intervention interact with one another, and
what combinations will optimize a return on investment [8].
Smartphones, in addition to functioning as a platform for such
interventions, send data to a back-end system, where it can be
leveraged to understand intervention use patternsin away that
avoids potential limitations of self-reported survey data such
asrecall bias. Thiskind of granular app usage analysis, while
traditionally not associated with clinical research, is necessary
for transitioning mHealth interventions toward real-world
implementation and answering the question, “What works and
for whom?’

Importantly, an analysis of mHealth back-end data presents
important challenges, and few studies have examined clinical
outcomesin the context of app usage data[8]. Here, we use our
experiences in building the Corrie mHealth intervention as a
framework to explore key questions that arise in constructing
meaningful insights from back-end data. Corrie guides patients
through recovery after acute myocardial infarction and
incorporates an iOS app, a Bluetooth-enabled blood pressure
cuff, and an Apple Watch. In addition to sharing nuances
identified from our research and devel opment process, we aimed
to provide practical knowledge to help other clinicians work
effectively with an engineering team to design mHealth

http://mhealth.jmir.org/2019/5/€14124/
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interventions that are patient-centered and have high clinical
impact.

How is User Interaction Data Tracked?

The back-end data analysis allows mHealth teams to identify
features that patients use most regularly and take that into
account in an iterative design process, thus quantifying and
supporting insights collected through patient surveys and focus
groups. This enables teams to begin to understand if specific
features may be associated with improved clinical outcomes
and ultimately hel ps make interventions more pati ent-centered.

Although there are a number of different ways to track app
usage [9], our intervention tracking is divided into 2 main
categories: (1) the tracking of unique events and (2) the
recording of time elapsed on view controllers. Such collection
of intrasession measures (within sessions) of user engagement
allow for the evaluation of specific user interactions and
behaviors, whileintersession measures (across sessions) evaluate
long-term user engagement and satisfaction [9].

Inthe CorrieiOS app, unique app events are generated any time
apatient (user) undertakes a specific action—for example, taking
vitals, creating foll ow-up appointments, and completing learning
goals. View controllers correspond to individual screens on
iPhone. These view controllers can then be grouped by the
feature they are a part of, allowing for the identification of
features that patients spend the most time on (Figure 1).
Commonly, nonhealth apps outsource this kind of analytics to
third-party software development kits (SDK's) such as Firebase
and Google Analytics. However, as many of those third-party
software tools are not Health Insurance Portability and
Accountability Act (HIPAA) compliant, mHealth teams may
need to create their own HIPAA-compliant implementations,
especialy for detailed insightsthat can be correl ated to patients
and their clinical outcomes[10].

To make such meaningful insights, clinical teams must have
continuous back-and-forth discussions with their engineering
team to understand the context of data being obtained and the
nuances of how it is captured. In addition to improving team
efficiency, this detailed, continuous communication minimizes
misinterpretation of the underlying data that could ultimately
yield false conclusions. However, achieving this level of
communication can be complicated by atechnological language
barrier and the inherent intricacies of back-end data collection.
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Figurel. Anexample of view controllers and their use in user interaction tracking.

Jane Doe is a new user on the Corrie App. Out of curiosity, she decides to click on
the follow up button and then the connect button.

= =

Follow Up Connect

1) The graphics on the right depict the screens for Follow Up and Connect.
2) The table below lists the back-end data recorded for the view controllers.

View Controller Data for Jane Doe

Controller Name Time opened Seconds spent on page

followuptableviewcontroller 1/3/2018 4:55:51pm 3s

connectviewcontroller 1/3/2018 4:55:54pm 10s

View Controller Name:
followuptableviewcontroller

View Controller Name:
connectviewcontroller

Carriar ¥ 1AM O - el AM

My Follow Up My Connect F O
2/3 ¢
Jane Doe
j, Cardiac Rehab
o Fedonda Miller, M.B.A., M.D.
@@ Cardiologist
w
o Seth Martin, M.D,, M.H.S,
Primary Provider
o Daughter
o John Doe

What Do Clinicians and Engineers Need
to Know About the Other Side?

To addressthis, we found that it was critical for the clinical and
engineering teams to collaborate more closely than is
traditionally done. For example, our clinical team obtained the
list of view controllersfrom our engineering team and classified
them into 4 broad categories for feature usage analytics. We
also walked through multiple use case scenarios with our
engineering team to understand and fine-tune how data would
be recorded in various clinical situations. Thiswas particularly
important for the development of arobust system to track unique
app events. For example, we wanted to capture both time spent
watching an educational video as well as completion of the
video. If a patient went back to watch a video multiple times,
we aso wanted to capture that. However, if a patient
accidentally pressed a medication taken button multiple times,
wewanted that recorded as one event rather than multiple events
(Figure 2).

Beyond recording app usage events, we also wanted to capture
the values of clinical measurements such as heart rate, blood
pressure, step count, weight, and mood to create rich datasets
for a health outcome—based analysis. For these types of data,
we emphasized the importance of querying and displaying the
frequency of measurement and timestamps, as well as having
well-defined data coll ection timewindows. These detailsrequire
a significant understanding of variable-capturing capabilities
on the back-end but we believe they are key to building accurate
and clinically relevant datasets. Ultimately, ensuring high quality
and appropriately contextualized datawill becritical asinterest
grows in applying machine learning—based analytical tools to

http://mhealth.jmir.org/2019/5/€14124/
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generate actionable insights from large volumes of mHealth
data, in the setting of both mHealth validation research as well
as clinical scenarios using patient-generated data from
commercia devices.

Similarly, when clinicians and engineers team up to solve a
problem and work together as equal partners, the engineering
team can gain an in-depth understanding of the clinical picture
over time. Initially, many mHealth interventions start off with
ad hoc combinations of the engineering team and interested
clinical professionals partly serving as the data scientists [11].
For our team, this meant that when data were needed, the
engineering team provided the relevant information to the
clinical team. Close collaboration with the engineering team
was required to sort through all the recorded variables and
determine which were important to analyze and which were
not. To facilitate that decision making, the engineering team
needed to have a strong understanding of the clinical context.
In addition to taking our engineering team through the discharge
process and hosting our engineers on roundsin the hospital, we
found it helpful to come together with our engineering teamin
clinically focused discussions by using real-time team messaging
and collaboration platforms such as Slack (Slack Technologies,
Inc). We have found this more efficient and effective than email
and it provides an ongoing, continuous form of discussion
outside the context of our regular face-to-face meetings and
cals to facilitate clinical engineering collaboration. Slack
discussions enable moment-to-moment understanding of clinical
challenges, with the bonus of being able to answer urgent
technical questions in real time. Importantly, this streamlined
troubleshooting and prioritization of tasks for our engineering
team as well, who were able to leverage real-time clinical
perspective on potential features, content, and user workflow.
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Figure2. Anexample of data collection and product considerations when developing a new feature.

Feature: Tracking medications

Each day, patients can toggle whether
they have taken a prescribed
medication on their medication list.

* Filled circle=taken

* Unfilled=not taken

Aspirin

Data collection considerations

Consensus

When are these buttons reset for the
next day?

At 12:00am (based on the user’s
time zone), all buttons are reset to
“not taken”,

When a medication is prescribed to
be taken as needed (PRN), how can
users record taking those

Users can add a medication for that
specific day, and toggle it as “taken”.
That specific medication will only be

medications?

present if the user adds it to their
daily list.

Atorvastatin (Lipitor)

Clopidogrel (Plavix)

How can we capture why a
medication was not taken?

Users can swipe right on the
medication and select why they were
unable to take the medication: refills,
adverse effects, etc.

Lisinopril (Prinivil, Zestril)

Metoprolol Tartrate (Lopressor)

What happens if a user accidentally
toggles a button as taken? How is
that captured in user data?

By pressing the button again, they
can reset the medication as untaken.
The status of the button {taken vs
not taken, reason for not taken) at
the end of the day (11:59pm) is
recorded as the user’s true
medication adherence status.

Who Handles User Interaction Data and
How Is This Affected by Health Care
Privacy Laws?

Teams developing mHealth interventions must recognize that
having the engineering team manually export back-end datais
not afeasiblelong-term solution. Astheintervention scalesand
the clinical team’s need for data extraction increases, the
potential for severe bottlenecks warrants an early discussion
about data management and access. For example, asour clinical
team expanded, it became clear that identifying appropriate
variables and packaging datainto easy-to-read formats cost the
engineering team valuabletime that could have been better spent
on other endeavors such as further devel oping the app.

In our case, this led to a stepwise progression of methods to
access back-end data in a HIPAA-compliant manner. At first,

http://mhealth.jmir.org/2019/5/€14124/
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our engineering team shared data via standard commaseparated
value (CSV) files over the HIPAA-compliant Johns Hopkins
secure virtual desktop. We then transitioned to sharing a
JavaScript Object Notation (JSON) file (a data-interchange
format) and hiring a data scientist, giving clinicians access to
all of the back-end datawithout the need for extensive teamwide
technical training. Although we advocate hiring a dedicated
datascientist to bridge the gap between clinicians and engineers
early on, as studies scale up and move toward pragmatic trials
that evaluate real -world implementation, we believe the end-goal
also includes an HIPAA-compliant, queryable dashboard for
clinicians, with data visualization and el ectronic medical record
integration (Figure 3) Creating a system that allows clinical
team members to intuitively access raw usage data not only
decreases the burden on engineers but also empowers team
members to better understand their data architecture and more
confidently perform analysesbased on their individual priorities.
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* Easy-to-read format for
clinicians
* Opportunity cost: requires

engineering team to
package and share data

{JSON}

pm— |

* Alleviates bottleneck of
data-extraction requests
for engineering team

* Requires data scientist to
extract data from JSON

§ i ©CE

?/‘\_//

» Gives clinicians easy
access to back-end data
visualization of patient-
generated health data and
user interactions, without
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Figure 3. Progression of user-interaction data management and extraction. CSV: comma separated value; JSON: JavaScript Object Notation.

Clinical dashboard

requiring technical
knowledge

« Can provide real-time
analysis of trends and
patterns for clinical
decision making

/ . J

files into easy-to-read
format for clinicians

- J

/’

: to building interventions that patients actively want to use in
Conclusions real-world settings. In our experience with mHealth, being
Going forward, it will be essential for research teamsto evaluate ~ CONSUMer-centered is synonymous with being patient-centered

mHealth interventionsin the context of potentially differential @d IS the future of health care delivery. We hope our
app usage patterns and to create environments that support  €XPeriences _help mterdsuplmary teams navigate smllar
continuous, technically nuanced communication between their  challenges (Figure 4), asthe capacity of mHealth interventions
clinical and engineering counterparts. Although more business to revolutionize hedlth care is directly linked to the quality of

than clinical in nature, these changes to practice are essential interventions devel oped through clinical-engineering partnership
and studied through careful research.

Figure 4. Key takeaways. CSV: comma separated value; JISON: JavaScript Object Notation; EMR: electronic medical record.

Use both intra-session and inter-session measures of user engagement to inform iterative intervention design,
improve patient satisfaction, and better understand the relationship between user engagement and clinical
outcomes.

1. Intrasession measures include session duration, tracking of view controllers and in-session events.
2. Intersession measures include: time between visits, total time per month, completed activities.

To synchronize the clinical and engineering teams:
1. Walk through multiple, detailed use-case scenarios together.

2. Have early and frequent discussions about variable-capturing capabilities on the back-end, clinical
context of all data collected, and data-collection goals.

3. Include the engineering team in real-time team collaboration platforms to allow the engineering team
to understand moment-to-moment clinical challenges and answer urgent technical questions in real-time.

Consider a step-wise approach to managing user interaction data and choosing a method that best fits team
needs. We recommend hiring a data scientist as early as possible. Options for data sharing include:

1. CSV files
2. ISON files

3. Clinical dashboard with data visualization and EMR integration
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Abstract

Background: Pregnant women are often unaware of the potential risks that working conditions can cause to them and their
unborn child. A mobile health (mHealth) app, the Pregnancy and Work (P and W) app, developed by a multidisciplinary team
and based on an evidence-based guideline for occupational physicians, aims to provide advice on work adjustment during
pregnancy.

Objective: This study evaluates the usahility of the mHealth P and W app and the perceived usefulness of the work advice, the
main goal of the app, by potential end users.

Methods: A total of 12 working pregnant women participated in think aloud usability sessions and performed 9 tasks. All think
aloud sessions were recorded, transcribed, and coanalyzed. The usability problems were rated for their severity in accordance
with Nielsen severity scale. The completion rates and time taken for completion of tasks were registered. In addition, participants
were gquestioned on demographicsand user characteristics and were asked to eval uate the val ue of the app by fillingintheIntrinsic
Motivation Inventory (IMI1) score and the System Usability Scale (SUS) questionnaire.

Results: In total, 82 usability problems with a severity >1 were identified, of which 40 had severity >3. The main usability
problems concerned theinterpretation of terminology used in the app’s questionnaires and difficultiesin finding and understanding
the work advice. Furthermore, 10 out of 12 participants were able to open the work advice page in the app. Only 7 out of these
10 participants understood and intended to follow the work advice. The overall mean IMI score was relatively high (5 out of 7),
indicating that the participants did indeed value the use of the app. This IMI score corresponded to the overall mean SUS score
(68 out of 100) and the mean grade given to the P and W app (7 out of 10).

Conclusions: Thisthink aloud usability study showed that the information provided in the P and W app was considered valuable
by the end users, working pregnant women, and it meets their needs; however, usability issues severely impacted the perceived
usefulness of the work advice given in the app.
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Introduction

Background

Many women continue to work during their pregnancy. In the
United States, morethan 65% of pregnant women work, whereas
in the Netherlands, around 80% [1,2]. During pregnancy,
exposure to certain working conditions, such as physically
demanding work, long working hours, working in night shifts,
and stress, are associated with preterm birth, low birth weight,
and fetal abnormalities [3-12]. As pregnant women are often
not aware of these risks, they do not adjust their working
conditions [13].

Mobile health (mHealth) apps can offer a suitable solution to
this problem as women of reproductive age who are expecting
achild arefrequent consumers of Web-based health information
[14-17]. mHedlth, defined as the use of mobile devices for
medical and public health practice [18], could therefore inform
pregnant working women about work-related pregnancy risks,
to increase their awareness of these risks and their associated
need for change in working conditions.

However, evidence on the effectiveness of mHealth apps in
generd islimited [17,19]. Prior studies providelittleinformation
asto how best to design them [20-24]. Adequate consideration
of the needs of their intended usersis necessary so that they are
easy to use and perceived as useful [25,26]. The extent to which
a product can be used by specified users to achieve specified
goals with effectiveness, efficiency, and satisfaction in a
specified context of use is the definition for applied usability,
based on the International Standardization Organization [27].
To assess and improve upon the usability of mHealth apps, a
wide range of usability evaluation methods (UEMS) isavailable
to detect problems in the user-system interaction. UEMs thus
assess human interaction with a system for the purpose of
identifying those facets of this interaction which can be
improved [28]. Idedlly, the design process of any health-related
product is conducted in an iterative fashion to better fit with the
end user population. Utilizing UEMsin such aniterative design
processin the health care domain is especially important asthe
poor design and usability of medical products can lead to
harmful consequences [29,30]. Therefore, the utilization of
UEMs during the development and testing process of health
apps is widely recommended throughout research [31,32].

In this study, we devel oped an mHealth solution (the Pregnancy
and Work [P and W]) app that aimed to provide information
and advice about work-related pregnancy risks [33]. With this
advice, pregnant women can adjust their work. The P and W
app content is based on the evidence-based guideline for
occupational physicians, preghancy, postpartum period, and
work [34]. In a prior study, the results of 2 multidisciplinary

https://mhealth.jmir.org/2019/5/€11442/

focus group meetings provided content and design instructions
for the development of the P and W app [35].

Objectives

Think aloud (TA), an UEM method, was chosen in this study
to assess the usahility of the P and W app with potential end
usersto reveal cognitive processesin the app’s user interaction
that result in user-interaction problems. The TA method requires
participants to talk aloud (ie, verbalize their thoughts) while
performing or solving atask to reveal their cognitive processes
while interacting with the app, which may result in
user-interaction problems[36-38]. In this way, the TA helpsto
understand how pregnant woman think—or believe they
think—the P and W app works (ie, their mental model) [38].
Mismatches in the end users’ mental model of an app and the
app’s design can severely influence its usability and
subsequently itsusein practice. This study therefore evaluated
the usahility of the P and W app and also how potential end
users experienced the usefulness of the work advice; this was
the main goal of the app.

Methods

Participant Recruitment

A total of 2 obstetric carefacilities, representing abroad variety
of patient groups, participated in this study. Posters and flyers
were distributed in both locations. The inclusion criteria were
drawn up by an obstetrician and occupational physician. If
patients met the inclusion criteria, they were invited to
participate in the study. The inclusion criteria were Dutch
working women, who were less than 20 weeks pregnant. The
criterion of being less than 20 weeks pregnant was deliberately
stated as the work advice for pregnant women under 20 weeks
of pregnancy can be different than that for those after 20 weeks
of pregnancy. Eligible participants were recruited in the waiting
area of the physician’s office. Recruitment of participants
continued until atotal of 12 femal e patients agreed to participate
in the TA sessions and evaluate the app; this was the first time
they used the Pand W app. All participantsincluded in the study
were offered agift card worth €15. An app for thisresearch was
submitted to the ethical board of the Amsterdam University
Medical Center. The board confirmed that the Medical Research
Involving Human Subjects Act did not apply to this study. All
data from the 12 participants were anonymously processed.
Informed consent was obtained from all participants, alowing
usto usethe datafor analysis.

P and W Pregnancy and Work App and Study Flow

The P and W app (Dutch and English) was created as a
Web-based app, accessible from every type of mobile browser,
with an adaptive design for desktop and mobile phone use.
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Figure 1. Examples of screenshots of Pregnancy and Work App: the Welcome page, the Questionnaire page, and the Work Advice page.
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The P and W app requires the user to create an account to gain
accessto its content. After creating an account, a user needsto
complete a questionnaire about her pregnancy-related medical
and work conditions (Figure 1). When completing this
guestionnaire, the user will be directed to the home page of the
app, from where she can navigate to all other pages. On the
home page, users can view monthly pregnancy- and work-related
advice messages, which are also sent by email. In addition, the
app provides messages about the growth of the unborn baby as
the weeks pass. Next to the baby messages, a video with tips
and information about pregnancy-related work advice can be
viewed on the home page. Participants were given access to a
Dutch betatest version of the P and W app.

Phase|: Preparation

Participants were informed about how the TA session would
be performed; see Figure 2 for the full study setup. After a
2-week reflection period, a condition for participation in the
research, an appointment was made with those women who
wanted to participate in the study. The TA session then took

Figure 2. Overview of study setup.

m

The following questions are
about your Previous

1. Did you have a medical problem in
your previous pregnancy? *

Anna Test

8 weeks and 5 day

Your Work Advice

place at their next visit (follow-up consultation) to the obstetrics
department. After signing an informed consent form, the
participant completed ashort survey, the validated health literacy
(HL) assessment tool— the Newest Vital Sgn, translated to
Dutch—to analyze its potential influence on the TA outcomes
(Stage I, Multimedia Appendix 1 [39,40].

Phasell: Think Aloud Usability Testing

Participants started with practice tasks on how to think aloud
(Multimedia Appendix 2). Each participant was informed that
the researcher (LvdB) was solely interested in the app’s
performance and would only interrupt the participant to provide
new tasks and to encourage her to keep talking to break silences
longer than 5 seconds [41]. A participant had to complete 9
tasksin total that were centered around the core purpose of the
app (Multimedia Appendix 3). Tasks were developed in
collaboration with the devel oper and project supervisors of the
P and W project. All TA sessions were recorded via video
camera. Voice and screen (of their mobile phone) were aso
recorded (Figure 3).

Phase Il

» Exclusion criteria
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# Think aloud session
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Figure 3. Think aloud session set-up.
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Phase | l1: Usability and M otivation Questionnaires

After the TA test was finished, the SUS survey was given to
the participant to assess the perceived usability of the P and W
app [42] (Multimedia Appendix 4). The SUS comprises 10
statements which the participant had to rate on a scale from 1
(strongly disagree) to 5 (strongly agree) to indicate the extent
to which she agreed. Then, a short survey selection of the
Intrinsic Motivation Inventory (IMI) was given to assess a
self-reported evaluation on how much the participant valued
the Pand W app [43] (Multimedia Appendix 4). The IMI value
subscale comprised 7 statements which the participant had to
rate on a scale from 1 (do not agree) to 7 (strongly agree) to
indicate the extent to which she agreed. An additional short
survey was developed to gain more insight into participants
demographics, medical history related to pregnancy, prior
experience with (pregnancy-rel ated) mobile apps, and working
hours (Multimedia Appendix 4). We asked all participants
whether they had received and would follow the work advice
(Multimedia Appendix 4). Finally, participants were asked to
give the P and W app a grade on a scale from 1 to 10, where 1
was the lowest and 10 the highest grade.

Data Collection and Analysis

TheTA sessionswere videotaped, reviewed multipletimes, and
transcribed to verbal protocolsby 2 researchers(LvdB and LP).
To gain insight into the effectiveness and efficiency of the
participants in performing tasks, each TA session transcription
comprised text spoken by the participant and included task

Textbox 1. Nielsen's severity scale

completion time stamps and time taken for task completion. To
analyze the usability problems participants encountered in more
detail, we performed a thematic analysis for which a coding
scheme was developed bottom-up in 3 iterative cycles as
described by Jaspers[44]. We analyzed 2 TA sessions in-depth
to develop a raw coding scheme (first cycle). Usability issues
encountered by participants were then given a specific
description. We subsequently discussed the resulting codes and
grouped them to determine the main themesin the data (second
cycle). The devel oped coding scheme was then applied to code
and analyzeall verbalizations, thiswas performed by LvdB and
checked by LP. All new issues were discussed to determine
whether they were within the branches of the coding tree or if
anew main theme had emerged. Usability problemswere rated
on severity in accordance with Nielsen severity scale [45].
Nielsen severity scaleis arating scale from 0 to 4 (Textbox 1),
that allowsfor the prioritization of usability problemsthat need
to be revised in the development process. The questionnaires
were completed on paper and put in adatabase for dataanalysis.

All datafilled in by the participantsin the P and W app during
the TA sessions were specifically transcribed into a different
file to test for task efficacy in relation to the IMI-given work
advice by the system. Verbalizations of task 6 in the TA sessions
(find the work advice) were assessed to analyze whether
participants would follow the work advice. These results were
compared with the results of the IMI on participant level and
the questions about the work advice from questionnaire 3
(Multimedia Appendix 4). Finally, the SUS was used to assess
the perceived usability of the P and W app.

01 do not agree that thisis a usability problem at all.

2-Minor usability problem: fixing this should be given low priority.

1-Cosmetic problem only: need not to be fixed unless extratime is available on project.

3-Major usability problem: important to fix, so should be given high priority.
4-Usability catastrophe: imperative to fix this before product can be rel eased.

Results

Participant Characteristics

The TA sessions with the participants (N=12) took place
between April and June 2017. Most participants scored high
(=adequate) HL. All participants had paid jobs and used amobile

https://mhealth.jmir.org/2019/5/€11442/

RenderX

phone. The average gestational age of the participants was 15
weeks and 50% (6/12) of the participants were pregnant for the
first time (Table 1).

Task Completion

The effectiveness and efficiency of the participants in
performing tasks were measured by compl etion rates and times
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and the usability problems. The completion rates and times can
be found in Table 2. The average duration of a TA session was
19 min 55 seconds (SD 5 min 25 seconds). Task 1, create an
account, had a much higher completion time than the other
tasks. Tasks 2, 3, 5, and 9 were completed by all participants.
Tasks 1, 4, 6, 7, and 8 were not completed by all participants.
Thefirst 3 taskstook, on average, the longest time to compl ete,
ranging from 1.5 min to 4 min. Task 9 had the fastest mean
completion rate of 4 seconds.

Usability Prablems

The TA study identified a total of 101 usability issues, 82 of
which were considered real usability problems (ie, severity =1),

Table 1. Participants' basic demographics and characteristics (N=12).

van Beukering et al

whereas 40 usability problems were rated with a severity of 3
(major) or 4 (catastrophic). In addition, the participants
encountered 11 unique bugs when using the P and W app. An
overview of the most severe usability problems can be found
in Table 3. The high completion time with create an account
(Table 1) seemed to have a connection with the many usability
problems in this area (Table 3). None of the participants
experienced (severe) usability problemswhen completing tasks
5,7,and 9. In thefollowing section, we give an in-depth analysis
of the severe usability problems detected regarding terminology
interpretation and finding and under standing the work advice
that directly impacted the participants’ perceived usefulness of
the advice given in the app.

Characteristics Statistics
Age (years), mean (SD) 33(3.8)
Education ( secondary school), n

Higher education 8

Intermediate vocational education 4
Health literacy, n

High 11

Low 1
Paid job, n 12
Working time (hours per week), mean (SD) 37 (6.15)
Gestational age (weeks), mean (SD) 15(3)
Previous pregnancy, n 6
Children, n 5
M obile phone (operating system), n

Android 7

iPhone 5

Table 2. Completion rates and time taken per task (N=9) by participants.

Task

Completion rate Timetaken for completion (seconds), mean (SD)

1. Create an account
2. Fill in aquestionnaire

3. Adjust answers to the questionnaire

4. Find your rights and tips for consultation page

5. Find baby message(s)

6. Find the your work advice page

7. Find the print/save button

8. Find the goal of the Pregnancy and Work P and W app
9. Log out of the app

10/12 240 (83)
12/12 179 (101)
12/12 9 (74)°
1112 31(39)
12/12 16 (10)
10/12 10(8)
10/12 9(9)
1112 32 (18)
12/12 4(4)

8A total of 2 participants initially did not understand this task.

https://mhealth.jmir.org/2019/5/€11442/

IMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 [e11442 | p.27
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 3. Overview of severe usability problems per main problem type.
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Usability problem? Frequency Severity Source of main problem
Unclear buttons 12 2to4 Create account
Functionality with layout 11 4 Create account/home page
Terminology interpretation problems 8 4 Create account/home page
Finding and understanding work advice 8 4 Home page/work advice

3\ultimedia Appendix 5 shows an overview of all the usability problems.

Qualitative Assessment

Terminology | nterpretation Problems

Participants had to complete a questionnaire about their
pregnancy-related medical conditions, previous pregnancy (if
relevant), and work conditions using the app. Severa
terminology interpretation problems arose during the TA study,
which consequently prevented the participants from receiving
accurate personal work advice. For example, when asked
whether problems had been experienced during the previous
pregnancy, participantswere unsure whether previous pregnancy
implied the immediate previous pregnancy or aso the
pregnancies before that. One participant who had not
experienced problems during her previous pregnancy, but did
experience issues during the pregnancy before that, assumed it
implied her direct previous pregnancy. Her confusion in
answering the question correctly affected the outcome of the
work advice, as relevant information was missing:

Okay. Um. “ Did you have a medical problemin your

previous pregnancy?” This is about my last

pregnancy, | think, and not the pregnancies before.

S0, I'massuming that. And then it's a no. [Participant

9]
Problemswere a so prevalent when, in closed-ended questions,
the participant did not find the answer that applied to her within
thelimited selection of possibilities of medical disorders. When
given alist of potential problems during a previous pregnancy,
participants experienced troubles in selecting the best suited
option to describe their problem:

...But | do not know if that should be put under

“ deceased child” or “ child born before a gestational

age of 37 weeks’? You know what | mean?

[Participant 3]
Another example of aterminology interpretation problem that
affected the outcome of the work advice was related to the
guestion of being exposed to any chemical agents in the work
environment, followed by alist of examples. Several participants
did not notice the list of examples and answered no.
Furthermore, 2 other participants did not know whether an agent
that they worked with should be considered chemical, asit was
not on the list of examples:

...Yes, with hair dye. Isthat chemical? [Participant 9]

https://mhealth.jmir.org/2019/5/€11442/

...I"'mhaving doubts. | work with laughing gas. That's
not very chemical, but...I don’t know whether | should
answer yes or no. [Participant 11]

Finding and Understanding the Work Advice

Participants also experienced problems in understanding the
work advice because of central design problemsin theinterface.
One of the first issues encountered was that the participants
expected the app to show them something different than what
it actually did. Participants expected the app to show their work
advice directly on the homepage, as they perceived this to be
the essential goal of the app. They did not expect to have to
search for it in the interface or take any other action to find it.
For example, participant 6 did not understand that the your work
advice button was clickable and therefore sought work advice
elsewhere or stated that she could not find it (Figure 4):

...0Oh, let's seeif that is somewhere. No idea. [ Scrolls

down and up] Have a look. Here is my work advice.

Uh... [ Scrolls up and down, multipletimes] No, | have

no idea. [Participant 6]
A different example related to the participants stating that they
saw their work advice depicted on the home page. However,
the home page only provided a small section with tips and
information about pregnancy-rel ated work advice, which some
clearly interpreted as the entire personal work advice. A total
of 2 participants thought this was the case; therefore, both of
them missed the actual content of the your work advice page:

I’ve just seen my work advice. [ Scrolls up and down.

Scrollsto top of the page. Tapsthe back button. Loads

page] Yes, your work advice. | have already read it.

S0, itis here. [Participant 8]
Another usability issue was related to the fixed structure in
which the work advice was presented in the mobile interface.
Depending on the answers given in the questionnaire, specific
information followed on the work advice page. The resulting
advice therefore included some sections without advice and
some sectionswith the advice, spread over the mobileinterface.
One participant did not get work advice bel ow the work header;
however, she did receive work advice with regard to issues
during her previous pregnancy, but thiswould only have become
visibleif she had scrolled the page down. She therefore missed
the advice given:

None? That's easy. | don't need to make any work
adjustments. | don't think so either, because | have
an office job. [Participant 1]
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Figure4. The“Your Work Advice” button on the home page with examples of work advice (infectious diseases and stress) when the button is clicked.

Anna Test

18 weeks and 5 day

Your Work Advice

If you are pregnant you are entitled

to extra breaks, a total of 1/ 8th of
yoaur working Ume You can just ralas
in betweon or later start or earlier
home, Use this if it is really like,
you're very tired

Want to know more about your rights
as a pregnant employea? Get the

-

Infectious Diseases

Infectious Diseases You
have indicated that in your
work you can get an
infection. Infections caused
by viruses, bacteria
parasites or fungi, They are
transmitted in a variety of
wany's, For example,

transmission by animals or

€) ;

Slress

Stress

You're more likely to stress
by work, If you are pregnant
and have stress because of
work you yourself more
likely to have high blood
pressure, your child may be
born with less waight.

This stress therefore try to

reduce the pregnancy as

app from the FRW

User Evaluation: Intrinsic Motivation | nventory and
System Usability Scale

The task efficacy of task 6, find the “ your work advice” page,
was analyzed in relation to the detected usability problemsin
finding and under standing the work advice and combined with
theresultsof theIMI, SUS, and questions about the work advice
from questionnaire 3 (Multimedia Appendix 4). Some
participants never reached the work advice page on the app
(17%) but thought they did, whereas 3 out of 12 participants
(25%) were convinced that they had not received this advice
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sick people. Some

early as possible.

(Table 4). However, al participants did actually receive some
form of pregnancy-related work advice. Among the 9
participants who stated that they had received work advice, 2
indicated that they would not follow it.

Using the IMI, we assessed the self-reported eval uation of how
much the participants valued the P and W app; the overall mean
IMI value scorewas5 (SD 0.9) out of 7. The perceived usability
of the P and W app was stated by the SUS. The overall mean
SUS was 68 (SD 11). Finaly, the participants were tasked to
givethe Pand W app agrade on ascale from 1 to 10; the mean
grade given to the P and W app was a7 (SD 0.89; Table 4).
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Table 4. User evaluation based on the use of work advice, Intrinsic Motivation Inventory (IMI), System Usability Scale (SUS), and grade.

Participant number Did you receive work advice from  If so, doyouintendto do something |p\q¢ sy Grade
the app?? with this work advice?
1 No® N/Af 557 85 8
2 No N/A 4.29 715 7
3 Yes Yes 3.71 55 5
4 Yes Yes 5.00 715 7
5 Yes Yes 5.14 65 8
6 Yes No 4.43 715 6
7 Yes Yes 5.57 57.5 7
8 Yes No 3.00 70 7
9 No N/A 4.29 75 7
10 Yes Yes 6.29 55 6
11 Yes Yes 5.29 50 6
12 Yes Yes 4.86 72.5 6

3\ultimedia Appendix 4-111 Questionnaire 3, Question 1.
bMm ultimedia Appendix 4-111 Questionnaire 3, Question 2.
CIMI score; 1=not at all true to 7=very true.

dsus score; 1=strongly disagree to 5=strongly agree.

Participants 1, 2, and 9 were convinced that they had not received work advice; however, a| participants did receive work advice.
'N/A: not applicable as the participant indicated that she did not receive work advice.

Discussion

Principal Findings

The overall effectiveness and efficiency of the 12 participants
in performing tasks in the TA sessions are gauged by the
completion times and rates and the usability problems. The TA
study identified 82 usahility problems with a severity =1, of
which 40 had severity =3. The high compl etion time of the task
to create an account seemed to be connected to the many
usability problemsthat participants experienced inthistask. As
creating an account in an mHealth app is not usually part of
the core, thereis achance that the design of thisfirst part of the
app may be neglected. Design errors in creating an account,
however, increase the risk of participants dropping out quickly.

We performed an in-depth analysis of the severe usability
problems detected regarding terminology interpretation and
finding and understanding the work advice as these issues
directly impacted the useful ness of the app. Asparticipantswere
unableto correctly interpret the terminology in the questionnaire
about previous pregnancies, medical disorders, and chemical
agents, they did not understand how to complete the
guestionnaires corresponding to their personal situation. They
thus did not receive the correct persona work advice for their
circumstances.

Participants also had a different expectation of what the app
would show them. Their mental model, the way informationis
represented in the mind of the end user, affected how they acted
in the system in filtering the relevant information. The mental
model of the participants did not match how the designer
developed the system, as the designer had based it on his own

https://mhealth.jmir.org/2019/5/€11442/

mental model of how future end users would act on the
information presented. The mental model of end users, which
encompasses values, beliefs, and knowledge, creates
perspectives for filtering information and guiding problem
solving [46] and hasthe ahility to affect how aperson acts[47],
differed from that of the designers. The users therefore aso
experienced problems with understanding the work advice, as
their expectations did not match how the designer developed
the system (based on his mental model of how future end users
should act on information).

Due to the usability problems in its design, 10 out of 12
participants were ableto open thework advice page. Only 7 out
of these 10 participants understood and intended to follow the
work advice given in the app, which was the main goa of the
app.

The overall mean IMI score was relatively high (5 out of 7),
indicating that the participants did indeed value the use of the
app. This corresponded to the overall mean SUS score (68 out
of 100) and the mean grade given to the P and W app (7 out of
10).

Comparison With Prior Work

Our main results indicated the effect of the app’s navigational
structure and screen design on the ability of a specific group of
participants—pregnant working women—to find work advice
and their intention to follow it thereafter. Other studies in
mHealth and el ectronic health that have applied the TA method
have demonstrated that although participants think that they
have achieved the main goal of using the apps, in redlity its
intended objective was not reached [48,49]. In one study the
researchers observed that the majority of participants, older
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cancer patients, were not ableto find the requested information
although the participants themselves frequently commented
during testing that it was easy for them to find it [48]. In a
different study, patients with rheumatic diseases were
enthusiastic about the possibilities of interactive apps such as
peer support forums and online consultations; however, nearly
all participants experienced difficulties and were not able to
complete al the usability evaluation taskswhileinteracting with
the system [49].

Asin our study, other researchers and designers have underlined
the importance of an iterative approach in designing mHealth
apps to understand the needs of end users as well as improve
app usability and feasibility [36,50]. The importance of
performing usability studies on mHealth apps to be used in a
clinical and patient setting therefore needs serious attention.
User testing is an essential part of developing mHealth apps,
especialy when aiming to effectively change actual patient
behavior and/or affect patient outcomes.

Strengths and Limitations

A limitation is that the TA sessions took place in a laboratory
setting. In their own home, participants may have taken more
timeto take alook at the app again. One of the strengths of this
study isthat the sample size is adequate for obtaining usability
problems and that we used a mixed-methods approach— we
combined the results of a TA test with the results of
guestionnaires on demographics, user characteristics, SUS,
perceived value (IMI), and evauation of the app. Another
strength of our study is that it was performed by a
multidisciplinary team and that the TA study ispart of aprocess
in developing an mHedth app, which started with 2
multidisciplinary focus group meetings [29].

Duetoalack of variety in HL levels, we were unableto analyze
its potential influence on the TA outcomes. However, the
recruitment of only 1 out of 12 participants with limited HL is
in line with the estimations of HL prevalence levels in the
Netherlands[51]; this certainly appliesto aworking population.

It is possible that the intention to follow the work advice could
change according to the end user’sjob. However, asasignificant
proportion of the participants was not able to open the work
advice page in the app, and/or understand the work advice or
intend to follow it, we think that the influence of professionis
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limited in this study. For the next study, we would advise asking
participants about their job.

To human factor specidlists, it is well known that end users
should be involved from the beginning when developing an
mHealth app. However, those who are well informed about a
particular health domain, but less so about medical informatics,
should be aware that an iterative multidisciplinary approach
with theinvolvement of the target group from the start by using
UEM research in the project is essential and can be very
valuable.

The mixed-methods approach provides an insight into the
cognitive process of a specific user group—pregnant working
women—and their intention to use the P and W app. The TA
results, in combination with the questionnaires on the perceived
usability and value and the evaluation of the app, showed that
incorrect interpretation of terminologiesin the system prevented
the end usersfrom receiving the correct work advice. They also
experienced problems with understanding the work advice
because of central design problems in the interface. Despite
many usability problems, the participants were relatively
positive about the P and W app; the information provided in
the app is considered valuable to the end users and meets their
needs. The usability findings of thisresearch could then be used
to drive recommendations for developers for the next iteration
of the P and W app aimed at pregnant working women.

Conclusions

The overall conclusion of this study is that the information
provided in the P and W app was considered valuable to the
end users, working pregnant women, and meets their needs;
however, the usability issues severely impacted the perceived
usefulness of the work advice given in the app. The results of
thisstudy draw attention to the rel ation between effective health
apps and how their design might hamper their effectivenessin
changing patients' behavior. Aniterative UEM multidisciplinary
approach, with the involvement of the target group from the
beginning, is therefore essential for the devel opment of health

apps.

ThemHealth app will beredesigned and tested in an intervention
study, a survey on the effect of the app on actual work
adjustment by pregnant women. A future version of the P and
W app will be a valuable tool for informing pregnant women
about pregnancy-related work risks.
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Abstract

Background: A growing body of evidence shows that mobile health (mHealth) interventions may improve treatment and care
for the rapidly rising number of patients with noncommunicable diseases (NCDs) in sub-Saharan Africa (SSA). A recent realist
review developed a framework highlighting the influence of context factors, including predisposing characteristics, needs, and
enabling resources (PNE), for the long-term success of mHealth interventions. The views of policy makers will ultimately
determine implementation and scale-up of mHealth interventions in SSA. However, their views about necessary conditions for
sustai nability and scale-up remain unexplored.

Objective: This study aimed to understand the views of policy makers in Ghana with regard to the most important factors for
successful implementation, sustainability, and scale-up of mHealth NCD interventions.

Methods: Members of the technical working group responsible for Ghana's national NCD policy were interviewed about their
knowledge of and attitude toward mHealth and about the most important factors contributing to long-term intervention success.
Using qualitative methods and applying a qualitative content analysis approach, answers were categorized according to the PNE
framework.

Results: A total of 19 policy makers were contacted and 13 were interviewed. Interviewees had |ong-standing work experience
of an average of 26 years and were actively involved in health policy making in Ghana. They were well-informed about the
potential of mHealth, and they strongly supported mHealth expansion in the country. Guided by the PNE framework’s categories,
the policy makers ascertained which critical factors would support the successful implementation of mHealth interventions in
Ghana. The policy makers mentioned many factors described in the literature as important for mHealth implementation,
sustainability, and scale-up, but they focused more on enabling resources than on predi sposing characteristics and need. Furthermore,
they mentioned several factors that have been rather unexplored in the literature.

Conclusions: The study shows that the PNE framework is useful to guide policy makers toward a more systematic assessment
of context factorsthat support intervention implementation, sustainability, and scale-up. Furthermore, the framework was refined
by adding additional factors. Policy makers may benefit from using the PNE framework at the various stages of mHealth
implementation. Researchers may (and should) use the framework when investigating reasons for success (or failure) of
interventions.
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Introduction

Background

With the drastic decline of communicable, maternal, and
neonatal diseases as cause of death and burden of disease across
theglobe[1], and particularly in Africa[1,2], the epidemiologic
transition toward noncommunicable diseases (NCDs) isin full
swing. By 2030, 42% of all projected deaths in sub-Saharan
Africa(SSA) will be caused by NCDs, which will then surpass
communicable diseases as the leading cause of death in the
subregion [3,4]. In some African countries such as Ghana,
statistics show that already today about 42% of the total annual
deaths are caused by NCDs, led by cardiovascular diseases
[5-7].

At the same time, most countries in SSA have become eager
adopters and innovators of the use of mobile and digital
technologies. In Ghana, as early as 2013, “[m]ore than four out
of every five households (80.3%) in the country own[ed] a
mobile phone” [8], thereby expanding the opportunities for the
implementation of mobile phone-based health (mHealth)
interventions [9,10]. Numerous studies and reviews have
reported positive results of mHealth interventionsagainst NCDs
[11-15]. The World Health Organization (WHO) promotes the
further development and more widespread use of mHealth
interventions as part of its Global Action Planfor the prevention
and control of NCDs [16]. Nevertheless, most mHealth
interventions remain at the stage of pilot projects, and they are
almost never scaled-up to entire countries [10,13,17-19].

Efforts at international and European levels have aimed to
provide guidance to countries to support scale-up of mHealth
interventions and integration into routine care practices [20-22].
For example, WHO and the International Telecommunication
Union have produced a detailed toolkit to support the
development of national electronic health (eHealth) strategies
[21]. The toolkit is focused on the role of enabling legislation
and regul ation, government and sector buy-in, and planning and
funding for implementation and sustainability. More recently,
the European Union—-funded M omentum project for successful
implementation of telemedicine into routine health care has
published alist of 18 factors to make telemedicine a success,
which aso include legislation and sector buy-in, but further
recommend consideration of the cultural readiness toward
telemedicine and the identification of a compelling need [22].

In a recent realist review, Opoku et a [23] developed a
theoretical framework that aims to provide guidance to policy
makers and other decision makers working on implementing,
sustaining, and scaling-up mHealth interventions for NCD
management in SSA. The framework hypothesizes that
“predisposing characteristics and need of patients and healthcare
providersaswell asthe availability of enabling resourcesin the
community influence the perceptions of patients and providers

https://mhealth.jmir.org/2019/5/€11497/

that mHealth interventions are useful and easy to use—and these
perceptions are essential for the successful implementation of
an mHealth intervention” [23]. As shown in Figure 1, the
framework focuses attention on the influence of context factors,
including predisposing characteristics, needs, and enabling
resources (PNE), for the long-term success of mHealth
interventions. Therefore, we use the term mHealthPNE
framework for the rest of the paper.

The mHealth PNE framework is grounded in the experiences
of patients and health care providers as reported in 20 studies
of 18 mHealth interventions for NCDs [14,24-42] conducted
in 10 SSA countries. It combinesthe Andersen behavioral model
of health services utilization with the Davis technology
acceptance model [43,44]. The framework focuses attention on
alarge set of—yet to be further refined—contextual factorsthat
can be grouped under PNE. For example, cultural readiness
mentioned as one of the 18 factors of the momentum group
would fall under predisposing characteristics, whereas
establishment of an appropriate legal environment would fall
under enabling resources and identification of patients needs
under needs. However, it remains unknown whether the context
factors that have so far been identified under the categories of
PNE are in line with the views of policy makers and other
decision makers about the most important conditions for
implementation, sustainability, and scale-up.

Ghana is one of the countriesin SSA where efforts to support
the development of mHealth interventions have been most
pronounced [45-48]. These efforts include the development of
the Ghana eHealth Strategy, which aims at supporting the
improvement of the overall performance of the health sector
[47]. In addition, several mHealth interventions have been
implemented, including the Millennium Villages telemedicine
project in the Amansie West district [49] and the Mobile
Technology for Community Health program in 7 districts
[50,51]. As aresult, policy makers in Ghana can be expected
to have considerable experience with mHealth interventions,
and they are likely to have thought about factors that support
intervention sustainability and scale-up.

The views of policy makers and other decision makers will
ultimately determine the implementation, sustainability, and
scale-up of mHealth interventions in SSA. To assure that the
mHealth PNE framework isuseful asaguidefor policy makers,
it is important that the framework is sufficiently aligned with
their thinking, that is, policy makers should find the categories
of the framework useful when considering the most important
factors for implementation, sustainability, and scale-up. In
addition, the experiences of policy makers may provide
additional insights about the important factors contributing to
a successful implementation, sustainability, and scale-up of
mHealth NCD interventionsthat might be missing inthe existing
literature [23].
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Figure 1. Mobile heatlh predisposing characteristics, needs, and enabling resources framework.
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Objectives

Therefore, the aim of this study was to understand the views of
policy makers with regard to the most important factors that
should be considered to assure successful implementation,
sustainability, and scale-up of mHealth NCD interventions, thus
contributing to the improvement of the mHeath PNE
framework. More specifically, the study sought to (1) assess
policy makers' knowledge of and attitude toward mHealth NCD
interventions, (2) identify whether the categories of the
framework are useful to structure the thinking of policy makers,
and (3) integrate the perspectives of policy makers into the
various components of the framework.

Methods

Application for ethical review of the study was submitted to the
Committee on Human Research, Publications, and Ethics at the
Kwame Nkrumah University of Science and Technology, School
of Medical Sciences, and Komfo Anokye Teaching Hospital,
Kumasi, Ghana, and final approval was received on February
25, 2016. The study was conducted using qualitative methods
(interviews) and by applying a qualitative content analysis
(QCA) approach [52]. The paper was drafted following the
Consolidated Criteriafor Reporting Qualitative Studies [53].

Qualitative I nterviews

Informed consent was first sought and participants were given
sufficient information, including about the risks and benefits of
participating in the study. Guided by a semistructured
guestionnaire (Multimedia Appendix 1), qualitative interviews
were conducted by DO between November 2015 and January
2016 among stakeholders at the health policy direction level,
who were actively involved in national health policy decision
making and implementation in Ghana. These one-to-one
interviews lasted for an average of 45 min and were recorded

https://mhealth.jmir.org/2019/5/€11497/

for purposes such as capturing off-tape records and explaining
why an interview might have been poorly conducted.

Participants

Participants were from diverse backgrounds and generaly
worked at high levels of hierarchy and responsibility in different
institutions. They had a long-standing experience working in
various sectors of the Ghananational health system, particularly
on NCDs and other related subjects. All participants were
involved in drafting and developing the 2012 National Policy
for the Prevention and Control of Chronic Non-Communicable
Diseasesin Ghana. Assuch, al participants had been involved
in defining the technical direction and framework for
implementing NCD-related programs in the country [54].

Selection Criteria

A list of the members of the technical working group for
Ghana's national NCD policy was retrieved from the document
titled Strategy for the Management, Prevention and Control of
Non-Communicable Diseases in Ghana by the Republic of
Ghana, Ministry of Health [54]. The list consisted of a total
number of 19 members who were contacted by DO and who
received information about the study viaemails, telephonecalls,
and Skype calls. They were medical doctors, including general
practitioners and public health consultants, epidemiologists,
political scientists, (public health) lecturers, public health
researchers, health educators, program managers, disease
surveillance officers, international health specialists, program
coordinators, (public health) pharmacists, dieticians, public
health practitioners, policy advisors or analysts, planning
officers, and freelance nutritionists. Partici pation was voluntary,
and participants were assured that information such as names
and addresses that could lead to their identification would be
avoided to ensure privacy. Those who responded were followed
up for the interviews. No restrictions were imposed except that
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the participation was based on the availability and willingness
to contribute during the period of data collection.

Analysis

Following the QCA approach [52,55], the coding frame in
Figure 2 was used for the analysis. It was largely based on the
mHealth PNE framework. The framework theorizes that
successful implementation of mHealth interventions is
determined by context factors— predisposing characteristics,
enabling factors, and needs —of patients and health care
providers, which influence their perceptions on the usefulness
and ease of use of the intervention [23]. Thus, for example,
whether a mobile phone-based self-monitoring blood glucose
intervention designed for diabetes care in Ghana will be
successful or not depends on whether both diabetic patientsand
their health care providers perceive the intervention to be useful
and easy to use.

According to the framework, the perceived usefulness and ease
of use of an intervention are determined by (1) patients
predisposing characteristics, such as age, attitude, literacy,
language, and cultural or social acceptability; (2) their need,
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such as reducing financial burden of care and avoiding long
travel or waiting time; and (3) the factors that will enable them
to utilize the intervention well, which may include accessto a
mobile phone and a stable network [23]. In addition, perceived
usefulness and ease of use of providers depend on predisposing
characteristics (eg, technology-related training), needs (eg,
human resource capacity), and enabling resources (eg, tolerable
workload and incentives) [23].

The interview transcripts for the analysis were first coded by
DO and subsequently reviewed by both DO and WQ, according
to the various components of the framework and grouped into
main categories and subcategories. The 2 main categories were
knowledge of and attitudes toward mHealth and context factors
determining sustainability of mHealth (patient-context factors
and provider-context factors). Theresultswere analyzed mainly
based on the 3 subcategories of the framework (ie, predisposing
characteristics, needs, and enabling resources) and then
presented thematically under each of the main categories. The
analysisalso sought to identify other potentially relevant factors
missing in this framework.
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Figure 2. Coding frame for analysis based on the mobile health predisposing characteristics, needs, and enabling resources framework.
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Table 1. Characteristics of the participant health policy makers and managersin Ghana.

Gender?® Age (years) Working experience with noncommunicable diseases Experience (years)
Mae >50 Medical practice, program management, policy 21
Mae >50 (retired) Medical practice, program management, policy 36
Male >50 (retired) Medical practice, teaching, research, program management, policy 41
Mae >50 Research, health information management, policy 33
Male >50 Health education, training, research, communication, program management, policy 25
Mae 40-44 Health regulations, disease control and prevention, policy 19
Mae 40-44 Medical practice, disease control and prevention, policy 13
Female 45-49 Clinical practice, health promotion, policy 20
Mae 45-49 Teaching, research, consultancy 16
Female >50 (retired) Health promation, disease prevention, policy >30
Mae >50 Health sector coordination, program management, policy 30
Mae >50 Teaching, research, consultancy 21
Female >50 (retired) Health promotion, advocacy, policy 34

83ource: authors’ own compilation.

Table 2. Identified beneficial applications of mobile health interventions.

Health promotion and prevention?

Education and awareness creation (Rb: 1,5,7,10), follow-up (R: 1), information centers (R: 11),

interactive platform (R: 12)

Health care delivery (maternal and child health
care)

Scheduling/adherence/compliance/reminder (appointment and medication) (R: 1, 2,3, 7, 11, 12),
(emergency/specialist) referrals (R: 2, 3, 13), follow-up (R: 1, 11), community-based health care

(R: 4, 112), digitalized hospital records (R: 6, 8), record-keeping (vital statistics) (R: 4), creating
access to health care (R: 4), health information and follow-up (for pregnant women) (R: 13)

Noncommunicable disease—rel ated management

Education (regenerative health and nutrition) (R: 4, 8, 11), specialized care (for complicated

cases) (R: 9, 12), appointments/reminders for testing fasting blood sugar (R: 3), checking/moni-
toring vital signs (blood pressure and retinacheck) (R: 4), control and prevention of hypertension
(awareness creation, and reminders for drug refill) (R: 7), early detection of complications [R:
9], cancer registry (R: 11), follow-ups (R: 11)

330urce: authors own compilation.
bR stands for respondent and the following numbers assigned in this study.

Knowledge of and Attitude Toward M obile Health
I nterventions

Interviewed policy makers had considerable knowledge of
mHealth interventions, broadly in relation to the general field
of health (prevention and health promotion and health care
delivery—maternal and child health care) and some specifically
relating to NCDs (hypertension prevention and control). Table
2 presentsthe beneficial applications of mHealth interventions,
sorted out according to the highest number of participants who
identified them. Some of the policy makers actually had a
long-time experience with mHealth and had been involved in
the use of mobile phonesto support health care delivery, either
as providers or as patients themselves.

All interviewees agreed that mHealth interventions can
contribute to improved NCD management in Ghana. They
identified a range of potentialy beneficial applications:
awareness creation and (regenerative) health education, early
detection of NCD conditions, reduction of waiting time,
follow-ups and monitoring, keeping track of the appointments

https://mhealth.jmir.org/2019/5/€11497/

of patients, vita datistics and adherence to medication,
emergency adert, creating registries, record keeping,
dissemination of evidence, and ensuring sustainable health care.
Most importantly, the policy makers highlighted that mHealth
could potentially help patientsto better manage their NCDsand
improve treatment compliance:

[it] can keep patients in care, reduce morbidity,
reduce mortality. Definitely because it's all a matter
of keeping them [ie, patients] in care and ensuring
that they learn the good practices and all that. So, |
think it would help the outcomes; we will get better
outcomes, reduce the disabilities from NCDs, and
also reduce the mortalities from NCDs, definitely!
[Respondent: 1]

For me the biggest impact is that it will help to
manage treatments, it will reduce treatment failures,
and it will help people to be more productive so that
people can then take better care of themselves and
not spend all the time going to the hospitals.
[Respondent: 4]
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At the sametime, interviewees noted that mHealth interventions
provide a solution for only some of the problems of NCD
management in Ghana:

| always get worried when people try to use
technology asa* fix all” . Technology is not a fix all,
it fixes some problems but not all problems and it's
contextual. [Respondent: 1]

Given the complexity of NCD management, mHealth
consultations were considered to be safe and suitable mostly
for follow-ups, after an initial contact between patients and
providers has been established:

...there are huge potentials when it comes to the use

of mobile phones but for noncommunicable diseases,

the evidence is not very clear for us..from our

experienceit hasto bea* postcontact” intervention.

There is always the first contact that has to be made

[at the facility] and thenthe intervention kicks in as

a follow-up,only after theinitial contact. If you don’t

haveinitial contact with the hospital, the opportunity

to rope in ICT to help you to readjust and to be

healthier becomes a hit of a problem. [Respondent:

4]
However, the policy makers maintained that the use of mobile
phones in health care is becoming an important strategy in
Ghana, particularly in reducing materna mortalities and
controlling epidemics. In fact, the policy makers were
enthusiastic about the potential of mHealth to improve NCD
management in Ghana:

It is a very good idea, brilliant idea! |1 mean it is
something that we' ve always been talking about that
people should be able to stay in their houses and
manage or even call doctorsto come or even call for
advice from doctors. [Respondent: 5]

Per spectives of Policy Makerson Context Factors
Deter mining Sustainability of M obileHealth in Ghana

This section presents the interview results categorized along
the 3 context factors of the analytical framework, that is,
predisposing characteristics, needs, and enabling resources.
Table 3 providesasummary of theidentified factors supporting
and/or expanding the framework, arranged in adescending order
of the most frequently mentioned factors by the participants.

Predisposing Characteristics

According to the framework, the most important predisposing
characteristics supporting the implementation of mHealth
interventions are a positive attitude, cultural/social acceptance,
and a common language of communication. The interviewed
policy makers, however, identified age, literacy, and level of
education, as well as providers continuous training, upgrade,
and education as more important factors:

The youth are very good at these things and so if you
work it out with them it would work. The problemis,
are the youth the people who actually go for the
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services? And so, the majority of the people who
would be having noncommunicable diseases are not
the youth and they are the people who would not
understand this. [Respondent: 3]

My fear istheilliteracy rate. How many people with
mobile phones know how to send a text message?
How many people can even store or delete numbers
or messages? They don’t know, they have the phones
for receiving calls and making calls, that's all!
[Respondent: 2]

We need to do more in terms of training our
providers. We call it the two ends, or supply and
demand. That is, we supply and the popul ation woul d
demand. So, let us tailor a kind of training for the
suppliers of the services in terms of the use of mobile
phones and then al so teach some of our clientson the
use of the mobile phone in terms of getting access to
some of these specialists, because | till want to
believe that the management of NCDsis a specialized
service, which cannot be left in the hands of
‘ordinaries’ . [Respondent: 11]

They also stressed that, more generaly, trust and confidence
among health care providers is a prerequisite for successful
implementation of mHealth:

The other thing would have to do with the [health]
staff attitude. The major question isthat, for example,
if | [a specialized health care provider] at Korle-Bu
teaching hospital [in Accra] giveinstructionsto those
[health care providers] in the rural areas, how sure
am | that they are doing what | am instructing them
to do? And if anything at all should go wrong, who
isto be blamed, me or those out there? So, amongst
the health staff, there are usually pessimistic views
and so some of them will not be interested in these
innovations but others might. [Respondent: 9]

In addition, interviewees highlighted that attitudes of patients
related to myths, misconceptions, fear of change, and phobia
for technological innovations may negatively impact patients
perceptions about the usefulness of mHealth interventions:

We need to look at people’s phobia for technology
and see how that barrier can be broken. [ Respondent:
6]

Maybe we still maintain the old ways of doing things;
we don't like change. Africans in general, but
Ghanaians especially, we fear change. Itisafact that
we fear about what if it doesn’t work out well and
who takes the fall for it! [Respondent: 10]

With regard to predisposing characteristics influencing the
perceived ease of use, interviewees believed that urban
populations are more familiar with mobile technologies.
However, in general, the Ghanaian population was thought to
be ready to use mobile phones for health care given the high
penetration of the technology.
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Table 3. Summary of the identified factors supporting the mobile health predisposing characteristics, need, and enabling resources framework.

Mechanism context?  Patient

Perceived usefulness

Perceived ease of use

First contact/specialized provider
Perceived usefulness

Perceived ease of
use

Predisposing charac-
teristics

Need

Enabling resources

(Local) language [R®:5,6,11,12];
myths, fear/phobia, misconceptions
[R:2,5,6,10];informed, convinced,
trust, and confidence (satisfaction)

[R:2,8,11]; locality (urban/rural)®
[R:2,8]; socioculture[R:4,7]; accep-
tance [R:5,6]; (positive) attitude
[R:5,12]; self-motivation [R:3]; age
[R:8]; gender [R:8]; social class
(middle) [R:1]

Health care access barriers (poverty,
transportation, ineffective health fa-
cilities, distance, travel and waiting
time, cost, urgency and quality of
care, stress reduction, and satisfac-
tion) [R:2,3,4,9,10,12,13]; disease
condition (severity, upsurge, uncer-
tainties of care) [R:1,2,4,6,9,13];
need for urgent/special care
[R:7,8,9,13]

Functioning infrastructure (mobile
network/connectivity, transport
system, electricity, basic test equip-
ment) [R: 1,4,6,7,8,9,11,12,13]; ac-
cess to mobile phone
[R:1,4,6,7,8,11,12,13]; availability
and affordability of (telecommunica
tion) services[R:1,3,5,6,11,12,13];
partnership and support [R:2,3,7,9];
awareness creation [R:2,5]; avoid-
ance of abuse [R:4,12]; convenience
[R:6]; confidentiality and privacy
[R:8]; (community) support [R:10]

Literacy and level of educa-
tion[R:1,2,3,4,5,6,7,11,12];
age (youth =10 years,
adults) [R:2,3,5,7,10,13];
penetration, and familiarity
(urban) [R:1,5,6,13]; train-
ing, know-how, confidence
[R:3,4,5,12]; basic, simple
[R:6,8]; personalization
[R:8,11]

Technol ogy-drivenneed/de-
mand [R:2,3,4,6,13]

Portability and easy to use
[R:6,13]; (family) support
[R:8]; maintenance (battery
recharge) [R:12]

(Positive) attitude interest, dedica-
tion, willingness, and motivation
[R:1,8,12]; good (provider-pa-
tient/community) relationship
[R:4,8,11]; language [R:5,9]; trust
and confidence [R:11]; ready to
support [R:13]

Reduce burden of cases/workload
[R:2,6,10,11,12,13]; lack of human
resources (limited specialists, un-
equal distributions of professionals,
lack of motivation) [R:9,11,12,13];
integrated care [R:3,10,13]; lack of
necessary systemsand infrastructure
(health facility, referral system,
transport) [R:9,11]; continuity of
care[R:1,13]; lack of accurateinfor-
mation [2,11]; reduce morbidity/
mortality [R:11,12]; exchange of
expertise [R:9]; cost-saving [R:9];
enhance emergency care [R:11]

Legidation and palicy (phone usage,
liability, funding mechanisms and
reimbursement, data security and
privacy, staff job description, part-
ners) [R:1,2,4,5,6,7,8,9,13]; (govern-
ment, institutional, sectoral, stake-
holders') support)
[R:1,4,5,7,9,10,12,13]; infrastruc-
ture (functioning network services,
equipment) [R:1,5,6,8,10,11]; finan-
cia resources and incentives
[R:1,6,9,10,11,12]; quality, availabil-
ity and affordability of services
[R:1,7,10,12]; sustainability plan
[R:7,10,12,13]; phone access
[R:1,4,10]; documentation and
record-keeping [R:1,2,9]; cost-effec-
tiveness [R:5,8,10]; evidence-in-
formed (research, expert advice)
[R:5,10,11]; awareness [R:10];
(mobile health) guidelines[R:1];
abuse/corruption [R:11]

Continuoustraining,
upgrade, and educa
tion
[R:4,7,9,10,11,12]

Characteristics of
disease, diagnostic
and treatment tasks
(stage)
[R:4,9,11,12]; infor-
mation need
[R:2,10]

Simple, safest and
easy technologies/
intervention (apps
and softwares)
[R:1,4]; type of
(available) technolo-
gies[R:1]; mainte-
nance [R:6]; phone
features (screen, tai-
lored operability)
[R:7]

830urce: authors own compilation based on interview results.
PR indicates the reference citations.
“Textinitaics are the additional patient- and provider-context factors of the mobile health PNE framework identified in this study.

Needs

The framework stipulates that patient and provider needs, such
as access barriers for patients (eg, long travel times and costs)

Table 3). They considered patients with severe conditions and/or
in need of special/urgent care to benefit most from mHealth

and providers lack of capacity to provide adequate care,

influence the utilization of mHealth interventions in SSA. In
this study, theinterviewed policy makers suggested that patients
who face health care access barriers of variousformsand nature
aremorelikely to perceive mHealth interventions as useful (see

interventions, particularly if the interventions contribute to
reduced travel times and better accessto providers:

It would be useful; it would reduce a whole lot of
travelling time and reduce some stress levels in
getting vehicle/transport. It may even cut down on
mortality becauseit can enhance emergency treatment
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and emergency care. [Respondent: 11]
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It would be very much useful in our settings and
circumstances where many people do not even have
access to the health facilities because of absence of
the health facility, low numbers of health workers;
that is, thelow patient to health worker ratio. If health
professionals can be reached via mobile phones or
other ICTs, that would improve the chances of more
people getting access and it would even lead to
realizing the universal health coverage. [Respondent:
12]

Onceweareableto do this, wewould save morelives
and then again wewould have lesser cases developing
into complications to demand more attention and
more time from the experts”” [Respondent: 9]

Furthermore, interviewees mentioned several tasks for which
mHealth interventions would respond to the needs of health
care providers, thus contributing to perceived usefulness and
ease of use of mHealth interventions. For example, to reduce
the workload on providers and to use mobile phones for regular
monitoring of blood sugar levels of diabetic patients:

We are aware that the health system in Ghana is
stricken by lack of facilities and diagnostics, and the
health staffs are not motivated to go and stay in the
rural areas..and because we won't have enough
doctors and enough experts in the rural areas then
we can't run away from telemedicine. [Respondent:
9

...if we are talking specifically about testing fasting
blood sugar, it shouldn’t be that the patients wait at
theclinic...because we all know that the patients have
to fast and for a diabetic, once you haven't taken the
blood sample s/he cannot eat. There should be enough
health care providers available at all times to attend
tothemimmediately. And so that should be organized
well, a mobile phone can help do that easily...
[Respondent: 3]

| think it is time we do it, it would even reduce the
workload on me [the provider]. [Respondent: 2]

Notably, the framework did not specify which particular needs
of patients influence their perceived ease of use of mHealth
interventions. Nonetheless, the interviewed policy makers
suggested that the general trend to use information technology
for other services may create a need to use mHealth in the
management of NCDs, while simultaneously making it easier
to use the technology:

We arein atechnology age; whether welikeit or not,
technology is taking over and the earlier we get
ourselves involved the better, because there would
be a time where all banking would be done online.
So, the fact that one is not computer literate nor
mobile phone literate it cannot be assumed that the
world should wait for us. o, it has to be done and it
is being done. [Respondent: 3]

Enabling Resources

Enabling resources were the most emphasized considerations
of theintervieweesin determining the sustainability of mHealth.
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The framework suggested that the 2 most important enabling
resources for the successful implementation of mHealth
interventionswere access to mobile phones (or devices) and the
availability of functioning stable telecommunication networks.
Accordingly, the interviewees maintained and also suggested
that mHealth interventions could be perceived as useful by both
patients and health care providers if access to mobile phones,
availability and affordability of the infrastructure for good
quality (telecommunication) services, reduced burden of work
for providers, the avoidance of system abuse, financial resources,
and government and institutional support aswell as legidation
and policy support are assured (see Table 3).

Now we are having a l ot of mobile phone services but
we do have challenges with them. e need to have
stable mobile phone services that are good. The
services must be available everywhere. [Respondent:
3

When you are doing a project and you have somebody
funding it like we did for the [mHealth] project, it's
cool. But then when the project comes to an end and
therealities dawn on us, our governments should give
money for some of these things. [Respondent: 1]

It hasto be a priority and all these things have to fit

in the priorities of the Ministry of Health.

[Respondent: 5]
In addition, policy makers suggested that legislation, policies,
and guidelines are needed to guide the activities of (health care)
providers. However, they maintained that such policies for the
explicit purposes of mHeath interventions should be
appropriately informed by the evidence from, for example, pilot
projects that first need to be conducted. Furthermore, they
highlighted that the avail ability of financial resourceswould be
an important enabling resource but that financial support and
commitment from governments for mHealth interventions still
remains low because of resource constraints.

[...] Yea, will you buy vaccines or you buy phones. |
will rather buy vaccines than buy phones. Those are
the realities that we deal with as people at the policy
level. [...] Sothosearethe trade-offsthat we make at
the national level and it's not an easy trade-offs [ ...]
Also we need to really come out clearly what the
parameters should be. We devel oped a mobile device
guideline and we did advocate that the mobile phone
isa medical device and so the health facilities have
to provide them. [Respondent: 1]

| believein doing pilot projects before devel oping the
policies because the findings of the pilot project
should guide the policy. So, theimmediate thing isto
have a project with the NCD programme... it can be
part of the priorities of the Ministry of Health”
[Respondent: 5]
Interviewees identified several conditions that would enable
patients to easily use mHealth interventions, including, for
example, family support and availability of maintenance
services. Inthe samevein, they emphasized that attention should
be given to the suitability of the technologies for health care
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providersincluding certain specific features, such asthe size of
the screen.

...one mobile phone platform they created for health
professionals to monitor those [ patients] who are on
medications, they secured an Android phone for all
of them, | mean something with a bigger screen that
they could do so many thingsonit. | think it has been
tailored. [Respondent: 7]

Discussion

Principal Findings

To our knowledge, this is the first study that has investigated
theviews of policy makers about factorsthat support successful
implementation and scale-up of mHealth interventions. We
found that policy makers in Ghana were well informed about
the potential of using mobile phones for health promation,
prevention, and health service delivery—and they strongly
supported the further expansion of mHealth in the country. The
results of the study also showed that the mHealth PNE
framework’s categories of predisposing characteristics, needs,
and enabling resources are a useful guide for policy makersin
ascertaining what critical factors would support the successful
implementation of mHealth interventions. None of the policy
makers stated any view that suggested that the framework has
shortcomings. Rather, the responses of interviewed policy
makers showed that they are thinking of many of the factors
suggested by the mHealth PNE framework but that they tend
to focus more on enabling resources than on predisposing
characteristics and need. Finaly, policy makers added several
relevant factors under the categories of the mHealth PNE
framework that should be considered when aiming to assure
sustainability and scale-up of mHealth interventions.

These findings have several important implications for policy
makers and researchers, aswell asfor the further refinement of
the mHealth PNE framework. First, this study showsthat policy
makers are aware of many of the factors that have been
described in the literature as particul arly important for assuring
successful implementation and scaleup of mHealth
interventions for NCDs. For example, in line with previous
literature [23], the participating policy makers highlighted that
apositive attitude of both patients and providerstoward mobile
technologies is one of the most important factors influencing
the perception of patients and providers that mHealth
interventions are useful and easy to use. Similarly, their
assessment that patientsin need of special/urgent carearelikely
to benefit most from mHealth is in accordance with previous
findings in the literature. This implies that policy makers in
Ghanabroadly agree with the findings of our systematic review
[23] that it isimportant to consider context factors, that is, PNE,
when developing and implementing mHealth interventions for
NCDs. Infact, these context factors can be moreimportant than
thetechnical aspectsof anintervention in determining its success
[23,56-58].

Second, as the thinking of policy makers tends to focus on
enabling resources, such as functioning telecommunication
infrastructure, sustainable financing, and support from
stakeholders, the mHealth PNE framework can be useful to

https://mhealth.jmir.org/2019/5/€11497/
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facilitate a more holistic and systematic assessment of other
factors supporting successful implementation, sustainability,
and scale-up of mHealth interventionsfor NCDs. For example,
futurerevisions of the GhanaeHealth Strategy [47] may benefit
from considering the categories of the PNE framework to assure
that new policies are developed, which will be adjusted to the
needs of patients and providers, while taking into account their
predisposing characteristics. The mHealth PNE framework (see
Table 3) provides a long list of predisposing characteristics of
patients and providers as well as of their needs, which can be
used as a guide by policy makers during implementation,
sustainability, and scale-up.

Third, this study has contributed to the refinement of the
mHealth PNE framework by identifying additional patient- and
provider-context factors that should be considered during
implementation, sustainability, and scale-up of mHealth
interventions.  This includes patients  predisposing
characteristics, such as gender, urban/rural location, and
personalization of technologies; patients' need, such as their
need for urgent/specialized care; and patients enabling
resources, such as avoidance of abuse, partnership, and (family)
support. Concerning providers, policy makers identified
additional predisposing characteristics, such as good
(provider-to-patient/community) relationships; additional need
factors, such as the need for exchange of expertise and for
continuity of care; and additional enabling resources, such as
support from government and other stakeholders (see Table 3).
Interestingly, policy makers noted that the increasing utilization
of mobile phones by patients for services of other sectors, for
example, in the financial/banking sector [59,60], may create a
desire (or need) to also have mobile phone-based services in
the health sector, which, in turn, may contribute to patients
finding these technol ogies easy to use.

Finally, although the study shows that the categories of the
framework are useful for policy makers, further (quantitative)
research isrequired to test the validity of the framework and to
explore the relative importance of the identified context factors
for successful implementation, sustainability, and scale-up of
mHealth interventionsfor NCDs. Thismay include, for example,
studies testing the relevance of the identified context factors
during the implementation of the WHO’s Package for Essential
NCD Interventions (ie, integration of NCDsinto primary health
care) [9,61] using mobile technologies.

Limitations

This study has severa limitations. The recruitment of
participants relied on the list of members of the technical
working group for Ghana's national NCD policy. This does not
congtitute a representative sampling of al relevant policy
makers, and it has a bias toward the inclusion of policy makers
with expertise in the area of NCDs, whereas possibly missing
policy makers with expertise in the area of mHealth. However,
the selected policy makers demonstrated that they had
considerable knowledge in the area of mHealth, in addition to
their long-standing experience from working in the health sector
in Ghana.

The scope of this study was a so limited by the use of qualitative
methods. Asaresult, the contextual factors summarized in Table
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3 are rather indicative. It is very likely that there are further
predisposing characteristics, enabling resources, and need that
are relevant for the implementation and scale-up of mHealth
interventions for NCDs beyond those identified by the
interviewed policy makers or by our systematic review [23]. In
addition, the relative importance of theidentified factorsremains
unknown. Therefore, more research is needed to confirm the
mHealth PNE framework and to operationalize some of its
categories. For example, concerning the interplay of
predisposing characteristics and perceived usefulness (see Table
3), quantitative research is needed to confirm that a positive
attitude toward mHealth is a predictor of perceived usefulness.
This requires an operationalization for measuring a positive
attitude and for quantifying its impact on the sustained use of
mHealth for NCDs. Ideally, the mHealth PNE framework would
be tested using a large dataset from a multicountry mHealth
trial, allowing sufficient variation in the context factorsthat are
hypothesized to influence long-term success of interventions.

Conclusions

There is great potential for mHealth interventions to improve
treatment and care for patients with NCDs in SSA. However,
the views of policy makers about factors that support the
successful implementation, sustainability, and scale-up of these
interventions used to be unexplored. Our qualitative study found

Opoku et a

that policy makers in Ghana are aware of many of the factors
that have been described in the literature as particularly
important for assuring successful implementation, sustainability,
and scale-up of mHealth interventions for NCDs. In addition,
the study showed that the mHealth PNE framework is useful to
guide policy makers toward a more holistic and systematic
assessment of context factors that support intervention
implementation, sustainability, and scale-up, such as
predisposing characteristics of patients and providers, as well
as their need. Furthermore, the study alowed to refine the
mHealth PNE framework by identifying additional context
factorsunder the categories of PNE that support implementation,
sustai nability, and scale-up of mHealth interventionsfor NCDs.

The implication of these findings is that policy makers may
benefit from using the mHealth PNE framework at various
stages of implementation and scale-up of mHealth interventions
for NCDs. However, it is important to be aware that the
framework istill initsearly stages of development. Researchers
may (and should) use the framework when investigating reasons
for success (or failure) of interventions. Over the years, such
an emerging body of evidence will contribute to confirming
and/or refining the factors proposed by the mHeath PNE
framework, and it may ultimately allow quantifying therelative
importance of these factors.

Acknowledgments

This study was conducted as part of a PhD research with scholarship from Paul and Maria Kremer Stiftung in Germany. The
doctoral and postdoctoral services at the Technische Universitat Berlin supported the corresponding author to participate in a
specia colloguium in Ghana, which opportunity enabled the data collection for this study. The authors thank all the study
participants for their time and Victor Stephani for supporting the study. In addition, the authors acknowledge support by the
German Research Foundation and the Open Access Publication Funds of Technische Universitat Berlin.

Conflictsof Interest
None declared

Multimedia Appendix 1
Semistructured questionnaire.

[PDF File (Adobe PDF File), 107KB - mhealth_v7i5e11497_appl.pdf ]

References

1. GBD 2016 DALY sHALE Collaborators. Global, regional, and national disability-adjusted life-years (DALY's) for 333
diseasesand injuriesand healthy life expectancy (HALE) for 195 countries and territories, 1990-2016: asystematic analysis
for the Global Burden of Disease Study 2016. Lancet 2017 Sep 16;390(10100):1260-1344 [FREE Full text] [doi:
10.1016/S0140-6736(17)32130-X] [Medline: 28919118]

2. Lawn JE, Blencowe H, Oza S, You D, Lee AC, Waiswa P, Lancet Every Newborn Study Group. Every newborn: progress,
priorities, and potential beyond survival. Lancet 2014 Jul 12;384(9938):189-205. [doi: 10.1016/S0140-6736(14)60496-7]
[Medline: 24853593]

3. The Economist Intelligence Unit Limited. 2014. Sub-Saharan African healthcare: the user experience: afocus on
non-communicable diseases URL: https.//africacapacityalliance.org/sub-saharan-african-healthcare/ [accessed 2019-03-28]
[WebCite Cache ID 77DAIUANR]

4. Ddd S, BeunzaJdJ, Volmink J, Adebamowo C, Bajunirwe F, NjelekelaM, et . Non-communicabl e diseasesin sub-Saharan
Africa: what we know now. Int J Epidemiol 2011 Aug;40(4):885-901. [doi: 10.1093/ije/dyr050] [Medline: 21527446]

5. World Health Organization. In: Noncommuni cable Diseases (NCD) Country Profiles2014. 20 Avenue Appia, 1211 Geneva
27, Switzerland: WHO Library Catal oguing-in-Publication Data; 2014.

https://mhealth.jmir.org/2019/5/€11497/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€11497 | p.46

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v7i5e11497_app1.pdf&filename=999afd2fec9abbe3676245c94004b70b.pdf
https://jmir.org/api/download?alt_name=mhealth_v7i5e11497_app1.pdf&filename=999afd2fec9abbe3676245c94004b70b.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(17)32130-X
http://dx.doi.org/10.1016/S0140-6736(17)32130-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28919118&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)60496-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24853593&dopt=Abstract
https://africacapacityalliance.org/sub-saharan-african-healthcare/
http://www.webcitation.org/77DAiUdNR
http://dx.doi.org/10.1093/ije/dyr050
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21527446&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Opoku et &

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

de-Graft Aikins A, Addo J, Ofei F, Bosu W, Agyemang C. Ghana's burden of chronic non-communicable diseases: future
directionsin research, practice and policy. Ghana Med J 2012 Jun;46(2 Suppl):1-3 [EREE Full text] [Medline: 23661810]
Agyei-Mensah S, de-Graft AA. Epidemiological transition and the double burden of disease in Accra, Ghana. J Urban
Health 2010 Sep;87(5):879-897 [FREE Full text] [doi: 10.1007/s11524-010-9492-y] [Medline: 20803094]

Ghana Statistical Services. 2014 Aug. Ghana living standards survey, Round 6 (GLSS 6), Main report, 2014 URL : http:/
/www.statsghana.gov.gh/docfiles/glss6/GL SS6_Main Report.pdf [accessed 2019-03-29] [WebCite Cache ID 77ESpbThb9]
World Health Organization. 20 Avenue Appia, 1211 Geneva 27, Switzerland: WHO Press, World Health Organization;
2010. Package of Essential Noncommunicable (PEN) Disease Interventions for Primary Health Care in Low-Resource
Settings URL: https://www.who.int/nmh/publications/essential_ncd_interventions Ir_settings.pdf [accessed 2019-03-29]
[WebCite Cache ID 77ESYyMM5P]

LeeS, ChoY, Kim S. Mapping mHealth (mobile health) and mobile penetrationsin sub-Saharan Africafor strategic regional
collaboration in mHealth scale-up: an application of exploratory spatial dataanalysis. Global Health 2017 Aug 22;13(1):63
[FREE Full text] [doi: 10.1186/s12992-017-0286-9] [Medline; 28830540]

Beratarrechea A, Lee AG, Willner IM, Jahangir E, Ciapponi A, Rubinstein A. The impact of mobile health interventions
on chronic disease outcomesin devel oping countries: asystematic review. Telemed JE Health 2014 Jan;20(1):75-82 [FREE
Full text] [doi: 10.1089/tmj.2012.0328] [Medline: 24205809]

Beratarrechea A, Moyano D, IrazolaV, Rubinstein A. mHealth interventions to counter noncommunicable diseasesin
developing countries: still an uncertain promise. Cardiol Clin 2017 Feb;35(1):13-30. [doi: 10.1016/j.ccl.2016.08.009]
[Medline: 27886783]

Bloomfield GS, Vedanthan R, Vasudevan L, Kithei A, Were M, Velazquez EJ. Mobile health for non-communicable
diseases in Sub-Saharan Africa: a systematic review of the literature and strategic framework for research. Global Health
2014 Jun 13;10:49 [FREE Full text] [doi: 10.1186/1744-8603-10-49] [Medline: 24927745]

Opoku D, Scott P, Quentin W. Healthcare professionals' perceptions of the benefits and challenges of a teleconsultation
servicein the Amansie-West district of Ghana. Telemed JE Health 2015 Sep;21(9):748-755. [doi: 10.1089/tmj.2014.0210]
[Medline: 25942579

Stephani V, Opoku D, Quentin W. A systematic review of randomized controlled trials of mHealth interventions against
non-communicable diseases in developing countries. BMC Public Health 2016 Jul 15;16:572 [FREE Full text] [doi:
10.1186/s12889-016-3226-3] [Medline: 27417513]

Global Action Planfor the Prevention and Control of Noncommunicabl e di seases 2013-2020. In: World Health Organi zation.
Geneva: WHO Press; 2013:1-55.

Eckman M, Gorski |, MehtaK. Leveraging design thinking to build sustainable mobile health systems. JMed Eng Technol
2016 Aug;40(7-8):422-430. [doi: 10.1080/03091902.2016.1218560] [Medline: 27535325]

Obasola Ol, Mabawonku I, Lagunju I. A review of e-Health interventions for maternal and child health in Sub-Sahara
Africa. Matern Child Health J 2015 Feb 5;19(8):1813-1824. [doi: 10.1007/s10995-015-1695-0] [Medline: 25652059]
Christine ZQ, Masatake Y, Vicky HA. World Bank. Mobile Applications for the Health Sector URL : http://siteresources.
worldbank.org/INFORMATIONANDCOMMUNICATIONANDTECHNOL OGIES/Resources'mHedlth report.pdf [accessed
2019-03-28] [WebCite Cache ID 77DBPLpLU]

Myers K, Nelson E, Rabinowitz T, Hilty D, Baker D, Barnwell SS, et al. American tel emedicine association practice
guidelines for telemental health with children and adolescents. Telemed J E Health 2017 Dec;23(10):779-804. [doi:
10.1089/tmj.2017.0177] [Medline: 28930496]

World Health Organization. 2012. National eHealth Strategy Toolkit URL: https://www.itu.int/dms pub/itu-d/opb/str/
D-STR-E_HEALTH.05-2012-PDF-E.pdf [accessed 2019-03-28] [WebCite Cache ID 77DCVKUIW]

European Momentum for Mainstreaming Telemedicine Deployment in Daily Practice. 2014. Eighteen critical success
factors for deploying telemedicine URL: http://www.tel emedi cine-momentum.eu/18-factors/ [accessed 2019-03-28]
[WebCite Cache ID 77DCX0IOm]

Opoku D, Stephani V, Quentin W. A realist review of mobile phone-based health interventions for non-communicable
disease management in sub-Saharan Africa. BMC Med 2017 Feb 06;15(1):24 [EREE Full text] [doi:
10.1186/s12916-017-0782-z] [Medline: 28162090]

Temmingh H, Claassen A, van Zyl S, CarraraH, Dayakalashe N, Myer L, et al. The evaluation of atelephonic wellness
coaching intervention for weight reduction and wellnessimprovement in acommunity-based cohort of personswith serious
mental illness. The Journal of Nervousand Mental Disease 2013;201(11):977-986. [doi: 10.1097/nmd.0000000000000036]
Rotheram-Borus MJ, Tomlinson M, Gwegwe M, Comulada W, Kaufman N, Keim M. Diabetes buddies: peer support
through a mobile phone buddy system. Diabetes Educ 2012;38(3):357-365 [FREE Full text] [doi:
10.1177/0145721712444617] [Medline: 22546740]

QinR, Dzombak R, Amin R, MehtaK. Reliability of atelemedicine system designed for rural Kenya. JPrim Care Community
Health 2013 Jul 01;4(3):177-181. [doi: 10.1177/2150131912461797] [Medline: 23799704]

Pastakia SD, Karwa R, Kahn CB, Nyabundi JS. The evolution of diabetes care in the rural, resource-constrained setting of
western Kenya. Ann Pharmacother 2011 Jun;45(6):721-726. [doi: 10.1345/aph.1P779] [Medline: 21558485]

https://mhealth.jmir.org/2019/5/€11497/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€11497 | p.47

(page number not for citation purposes)


http://europepmc.org/abstract/MED/23661810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23661810&dopt=Abstract
http://europepmc.org/abstract/MED/20803094
http://dx.doi.org/10.1007/s11524-010-9492-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20803094&dopt=Abstract
http://www.statsghana.gov.gh/docfiles/glss6/GLSS6_Main Report.pdf
http://www.statsghana.gov.gh/docfiles/glss6/GLSS6_Main Report.pdf
http://www.webcitation.org/77ESpbTb9
https://www.who.int/nmh/publications/essential_ncd_interventions_lr_settings.pdf
http://www.webcitation.org/77ESyMM5P
https://globalizationandhealth.biomedcentral.com/articles/10.1186/s12992-017-0286-9
http://dx.doi.org/10.1186/s12992-017-0286-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28830540&dopt=Abstract
http://europepmc.org/abstract/MED/24205809
http://europepmc.org/abstract/MED/24205809
http://dx.doi.org/10.1089/tmj.2012.0328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24205809&dopt=Abstract
http://dx.doi.org/10.1016/j.ccl.2016.08.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27886783&dopt=Abstract
https://globalizationandhealth.biomedcentral.com/articles/10.1186/1744-8603-10-49
http://dx.doi.org/10.1186/1744-8603-10-49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24927745&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2014.0210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25942579&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3226-3
http://dx.doi.org/10.1186/s12889-016-3226-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417513&dopt=Abstract
http://dx.doi.org/10.1080/03091902.2016.1218560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27535325&dopt=Abstract
http://dx.doi.org/10.1007/s10995-015-1695-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25652059&dopt=Abstract
http://siteresources.worldbank.org/INFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/mHealth_report.pdf
http://siteresources.worldbank.org/INFORMATIONANDCOMMUNICATIONANDTECHNOLOGIES/Resources/mHealth_report.pdf
http://www.webcitation.org/77DBPLpLu
http://dx.doi.org/10.1089/tmj.2017.0177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28930496&dopt=Abstract
https://www.itu.int/dms_pub/itu-d/opb/str/D-STR-E_HEALTH.05-2012-PDF-E.pdf
https://www.itu.int/dms_pub/itu-d/opb/str/D-STR-E_HEALTH.05-2012-PDF-E.pdf
http://www.webcitation.org/77DCVKUrW
http://www.telemedicine-momentum.eu/18-factors/
http://www.webcitation.org/77DCX0lOm
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-017-0782-z
http://dx.doi.org/10.1186/s12916-017-0782-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28162090&dopt=Abstract
http://dx.doi.org/10.1097/nmd.0000000000000036
http://europepmc.org/abstract/MED/22546740
http://dx.doi.org/10.1177/0145721712444617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22546740&dopt=Abstract
http://dx.doi.org/10.1177/2150131912461797
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23799704&dopt=Abstract
http://dx.doi.org/10.1345/aph.1P779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21558485&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Opoku et &

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

Osei-tutu A, Shih T, Rosen A, Amanquah N, Chowdhury M, Nijhawan RI, et al. Mobile teledermatology in Ghana: sending
and answering consultsviamobile platform. JAm Acad Dermatol 2013 Aug;69(2):€90-e91. [doi: 10.1016/j.jaad.2012.08.008]
[Medline: 23866892]

Odigie VI, Yusufu LM, Dawotola DA, Ejagwulu F, Abur P, Mai A, et a. The mobile phone as atool in improving cancer
carein Nigeria. Psychooncology 2012 Mar;21(3):332-335. [doi: 10.1002/pon.1894] [Medline: 22383275]

Ndlovu K, Littman-Quinn R, Park E, Dikai Z, Kovarik CL. Scaling up a mobile telemedicine solution in Botswana: keys
to sustainability. Front Public Health 2014 Dec 11;2:275. [doi: 10.3389/fpubh.2014.00275] [Medline: 25566520]
Littman-Quinn R, Mibenge C, Antwi C, Chandra A, Kovarik C. Implementation of m-health applications in Botswana:
telemedicine and education on mobile devicesin alow resource setting. J Telemed Telecare 2013 Feb;19(2):120-125. [doi:
10.1177/1357633x12474746] [Medline: 23454821]

Kivuti-Bitok LW, McDonnell G, Pokhariyal G, Roudsari A. Self-reported use of internet by cervical cancer clientsin two
National Referral Hospitalsin Kenya. BMC Res Notes 2012 Oct 09;5:559 [FREE Full text] [doi: 10.1186/1756-0500-5-559]
[Medline: 23046538]

Kiser M, Beijer G, Mjuweni S, Muyco A, Cairns B, Charles A. Photographic assessment of burn wounds: asimple strategy
in aresource-poor setting. Burns 2013 Feb;39(1):155-161. [doi: 10.1016/j.burns.2012.04.003] [Medline: 22647494]
Kingue S, Angandji P, Menanga A, Ashuntantang G, Sobngwi E, Dossou-Yovo R, et a. Efficiency of an intervention
packagefor arterial hypertension comprising telemanagement in a Cameroonian rural setting: The TELEMED-CAM study.
Pan Afr Med J 2013;15:153 [FREE Full text] [doi: 10.11604/pam|.2013.15.153.2655] [Medline: 24396559]

Holeman |, Evans J, Kane D, Grant L, Pagliari C, Weller D. Mobile health for cancer in low to middle income countries:
priorities for research and development. Eur J Cancer Care (Engl) 2014 Oct 17;23(6):750-756. [doi: 10.1111/ecc.12250]
[Medline: 25324023]

Greisman L, Nguyen TM, Mann RE, Baganizi M, Jacobson M, Paccione GA, et a. Feasibility and cost of amedical student
proxy-based mobile teledermatol ogy consult service with Kisoro, Uganda, and Lake Atitlan, Guatemala. Int J Dermatol
2014 Dec 29;54(6):685-692. [doi: 10.1111/ijd.12708]

Friihauf J, Hofman-Wellenhof R, Kovarik C, Mulyowa G, AlitwalaC, Soyer H, et al. Mobile teledermatol ogy in sub-Saharan
Africa: auseful tool in supporting health workers in low-resource centres. Acta Derm Venereol 2013 Jan;93(1):122-123
[FREE Full text] [doi: 10.2340/00015555-1404] [Medline: 22735496]

Fiander A, Ndahani C, MmuyaK, Vanneste T. Results from 2011 for the transportMY patient program for overcoming
transport costs among women seeking treatment for obstetric fistulain Tanzania. Int J Gynaecol Obstet 2013
Mar;120(3):292-295. [doi: 10.1016/].ijg0.2012.09.026] [Medline: 23265834]

Stewart A, Noakes T, Eales C, Shepard K, Becker P, Veriawa Y. Adherence to cardiovascular risk factor modification in
patients with hypertension. Cardiovasc J S Afr 2005;16(2):102-107 [FREE Full text] [Medline: 15915277]

Kriger C, Niemi M. A telemedicine network to support paediatric care in small hospitalsin rural Tanzania. J Telemed
Telecare 2012 Jan;18(1):59-62. [doi: 10.1258/jtt.2011.110312] [Medline: 21968000]

Chindo L. Mobile phone usein Cameroon: an increasingly useful tool for the follow-up of children with Burkitt lymphoma.
Pediatr Blood Cancer 2013 Mar;60(3):524. [doi: 10.1002/pbc.24226] [Medline: 23065945]

Azfar RS, Lee RA, Castelo-Soccio L, Greenberg M S, Bilker WB, Gelfand JM, et al. Reliability and validity of mobile
teledermatol ogy in human immunodeficiency virus-positive patients in Botswana: a pilot study. JAMA Dermatol 2014
Jun;150(6):601-607 [FREE Full text] [doi: 10.1001/jamadermatol.2013.7321] [Medline: 24622778]

Andersen RM. Revisiting the behavioral model and access to medical care: does it matter? J Health Soc Behav 1995
Mar;36(1):1-10. [Medline: 7738325]

Davis F. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Quarterly 1989
Sep;13(3):319. [doi: 10.2307/249008]

Piot P, Caldwell A, Lamptey P, NyrirendaM, Mehra S, Cahill K, et a. Addressing the growing burden of non-communicable
disease by leveraging lessons from infectious disease management. J Glob Health 2016 Jun;6(1):010304 [FREE Full text]
[doi: 10.7189/jogh.06.010304] [Medline: 26955469]

Afagbedzi S, Obuobi H, Aryeetey R, Bosomprah S. A review of Ghana's E-health strategy. J Health Inform Africa 2013
Sep 18;1(1):2013. [doi: 10.12856/JHIA-2013-v1-i1-52]

Ministry of Health Ghana. National E-Health Strategy URL: https://www.isfteh.org/filessmedia/

ghana_national_ehealth strategy.pdf [accessed 2019-03-28] [WebCite Cache ID 77DBwt6Ei]

Afarikumah E. Electronic health in Ghana: current status and future prospects. Online J Public Health Inform 2014 Feb
05;5(3):230 [FREE Full text] [doi: 10.5210/0jphi.v5i3.4943] [Medline: 24678382]

Novartis Foundation for Sustainable Devel opment. Telemedicine Project in Ghana URL : http://http//www.novartisfoundation.
org [accessed 2019-03-28] [WebCite Cache ID 77DBvO9yU]

LeFevre AE, Mohan D, Hutchful D, Jennings L, Mehl G, Labrique A, et a. Mabile technology for community health in
Ghana: what happenswhen technical functionality threatensthe effectiveness of digital health programs? BMC Med Inform
Decis Mak 2017 Dec 14;17(1):27 [FREE Full text] [doi: 10.1186/s12911-017-0421-9] [Medline: 28292288]

Macleod B, Phillips J, Stone A, Walji A, Awoonor-Williams JK. The architecture of a software system for supporting
community-based primary health care with mobile technology: the Maobile Technology for Community Health (MoTeCH)

https://mhealth.jmir.org/2019/5/€11497/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€11497 | p.48

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jaad.2012.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23866892&dopt=Abstract
http://dx.doi.org/10.1002/pon.1894
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22383275&dopt=Abstract
http://dx.doi.org/10.3389/fpubh.2014.00275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25566520&dopt=Abstract
http://dx.doi.org/10.1177/1357633x12474746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23454821&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-5-559
http://dx.doi.org/10.1186/1756-0500-5-559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23046538&dopt=Abstract
http://dx.doi.org/10.1016/j.burns.2012.04.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22647494&dopt=Abstract
http://www.panafrican-med-journal.com/content/article/15/153/full/
http://dx.doi.org/10.11604/pamj.2013.15.153.2655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24396559&dopt=Abstract
http://dx.doi.org/10.1111/ecc.12250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25324023&dopt=Abstract
http://dx.doi.org/10.1111/ijd.12708
https://www.medicaljournals.se/acta/content/abstract/10.2340/00015555-1404
http://dx.doi.org/10.2340/00015555-1404
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22735496&dopt=Abstract
http://dx.doi.org/10.1016/j.ijgo.2012.09.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23265834&dopt=Abstract
http://blues.sabinet.co.za/WebZ/Authorize?sessionid=0:autho=pubmed:password=pubmed2004&/AdvancedQuery?&format=F&next=images/ejour/cardio/cardio_v16_n2_a8.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15915277&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2011.110312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21968000&dopt=Abstract
http://dx.doi.org/10.1002/pbc.24226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23065945&dopt=Abstract
http://europepmc.org/abstract/MED/24622778
http://dx.doi.org/10.1001/jamadermatol.2013.7321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24622778&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7738325&dopt=Abstract
http://dx.doi.org/10.2307/249008
http://europepmc.org/abstract/MED/26955469
http://dx.doi.org/10.7189/jogh.06.010304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26955469&dopt=Abstract
http://dx.doi.org/10.12856/JHIA-2013-v1-i1-52
https://www.isfteh.org/files/media/ghana_national_ehealth_strategy.pdf
https://www.isfteh.org/files/media/ghana_national_ehealth_strategy.pdf
http://www.webcitation.org/77DBwt6Ei
http://europepmc.org/abstract/MED/24678382
http://dx.doi.org/10.5210/ojphi.v5i3.4943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24678382&dopt=Abstract
http://http//www.novartisfoundation.org
http://http//www.novartisfoundation.org
http://www.webcitation.org/77DBvO9yU
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-017-0421-9
http://dx.doi.org/10.1186/s12911-017-0421-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28292288&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Opoku et &

52.
53.

55.
56.

57.

58.

59.

60.

61.

initiative in Ghana. Online J Public Health Inform 2012;4(1):- [FREE Full text] [doi: 10.5210/0jphi.v4i1.3910] [Medline:
23569631]

Schreier M. Qualitative Content Analysisin Practice. London: SAGE Publications Ltd; 2012.

Tong A, Sainsbury P, Craig J. Consolidated criteriafor reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int JQual Health Care 2007 Dec;19(6):349-357 [ FREE Full text] [doi: 10.1093/intghc/mzm042]
[Medline: 17872937]

Republic of Ghana Ministry of Health. 2012. Strategy for the Management, Prevention and Control of Chronic
Non-Communicable Diseases in Ghana URL : http://www.national planningcycles.org/sites/defaul t/files/country docs/
Ghana/ghana.pdf [accessed 2019-03-28] [WebCite Cache ID 77DBn8Njc]

Uwe F. The Sage Handbook Of Qualitative Data Analysis. London: Sage Publications; 2019.

Broens TH, Huis 1V, Vollenbroek-Hutten MM, Hermens HJ, van Halteren AT, Nieuwenhuis LJ. Determinants of successful
telemedicine implementations: aliterature study. J Telemed Telecare 2007 Jun;13(6):303-309. [doi:
10.1258/135763307781644951] [Medline: 17785027]

L'Engle K, Plourde KF, Zan T. Evidence-based adaptation and scale-up of a maobile phone health information service.
Mhealth 2017 Mar;3:11 [FREE Full text] [doi: 10.21037/mhealth.2017.02.06] [Medline: 28567408]

Slater H, Campbell IM, Stinson JN, Burley MM, Briggs AM. End user and implementer experiences of mHealth technol ogies
for noncommunicable chronic disease management in young adults: systematic review. JMed Internet Res 2017 Dec
12;19(12):e406 [FREE Full text] [doi: 10.2196/jmir.8888] [Medline: 29233804]

Hossain M, Ahmed F. University of Dhaka. 2014. Evaluating the Impact of Mobile Banking Deployment for Microfinance
Institutions URL : http://www.dumarketing.ac.bd/html 5boil erplatemkt/upl 0ads/2013/11/

08Eval uating-the-1mpact-of-M obile-Banking-Depl oyment.pdf [accessed 2019-03-29] [WebCite Cache ID 77EXWPCPa]
Dzokoto V, Appiah E. Virginia Commonwealth University. Making Sense of Mobile Money in Urban Ghana: Personal,
Business, Socia and Financial Inclusion Prospects URL: https.//www.imtfi.uci.edu/files/docs/2014/

dzkoto final_report_feb2014.pdf [accessed 2019-03-28] [WebCite Cache ID 77DBXUFPK]

Nyarko KM, Ameme DK, Ocansey D, Commeh E, Markwei M T, Ohene S. Capacity assessment of selected health care
facilitiesfor the pilot implementation of Package for Essential Non-communi cable Diseases (PEN) intervention in Ghana.
Pan Afr Med J 2016;25(Suppl 1):16 [FREE Full text] [doi: 10.11604/pamj.supp.2016.25.1.6252] [Medline; 28149441]

Abbreviations

eHealth: electronic health

mHealth: mobile health

NCD: noncommunicable disease

PNE: predisposing characteristics, need, and enabling resources
QCA: gualitative content analysis

SSA: sub-Saharan Africa

WHO: World Health Organization

Edited by G Eysenbach; submitted 05.07.18; peer-reviewed by M Mars, V Sephani; comments to author 09.08.18; revised version
received 04.10.18; accepted 25.01.19; published 03.05.19.

Please cite as:

Opoku D, Busse R, Quentin W

Achieving Sustainability and Scale-Up of Maobile Health Noncommunicable Disease Interventions in Sub-Saharan Africa: Views of
Policy Makers in Ghana

JMIR Mhealth Uhealth 2019;7(5):€11497

URL: https://mhealth.jmir.org/2019/5/€11497/

doi:10.2196/11497

PMID: 31066706

©Daniel Opoku, Reinhard Busse, Wilm Quentin. Originally published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org),
03.05.2019. 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 origina work, first published in IMIR mhealth and uheglth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2019/5/€11497/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€11497 | p.49

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/23569631
http://dx.doi.org/10.5210/ojphi.v4i1.3910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23569631&dopt=Abstract
http://intqhc.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=17872937
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
http://www.nationalplanningcycles.org/sites/default/files/country_docs/Ghana/ghana.pdf
http://www.nationalplanningcycles.org/sites/default/files/country_docs/Ghana/ghana.pdf
http://www.webcitation.org/77DBn8Njc
http://dx.doi.org/10.1258/135763307781644951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17785027&dopt=Abstract
http://dx.doi.org/10.21037/mhealth.2017.02.06
http://dx.doi.org/10.21037/mhealth.2017.02.06
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28567408&dopt=Abstract
http://www.jmir.org/2017/12/e406/
http://dx.doi.org/10.2196/jmir.8888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29233804&dopt=Abstract
http://www.dumarketing.ac.bd/html5boilerplatemkt/uploads/2013/11/08Evaluating-the-Impact-of-Mobile-Banking-Deployment.pdf
http://www.dumarketing.ac.bd/html5boilerplatemkt/uploads/2013/11/08Evaluating-the-Impact-of-Mobile-Banking-Deployment.pdf
http://www.webcitation.org/77EXWPCPa
https://www.imtfi.uci.edu/files/docs/2014/dzkoto_final_report_feb2014.pdf
https://www.imtfi.uci.edu/files/docs/2014/dzkoto_final_report_feb2014.pdf
http://www.webcitation.org/77DBXUFPK
http://www.panafrican-med-journal.com/content/article/25/16/full/
http://dx.doi.org/10.11604/pamj.supp.2016.25.1.6252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28149441&dopt=Abstract
https://mhealth.jmir.org/2019/5/e11497/
http://dx.doi.org/10.2196/11497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31066706&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Sabben et al

Original Paper

A Smartphone Game to Prevent HIV Among Young Africans
(Tumaini): Assessing Intervention and Study Acceptability Among
Adolescents and Their Parents in a Randomized Controlled Trial

Gaélle Sabben, MPH; Victor Mudhune?, MBA, MPH; Ken Ondeng'eé?, MPH:; Isdorah Odero?, BSc; Richard Ndivo?,
BSc; Victor Akelo®, MBChB, MPH; Kate Winskell*, PhD

IHubert Department of Global Health, Rollins School of Public Health, Emory University, Atlanta, GA, United States
2Centre for Global Health Research, HIV Research Branch, KenyaMedica Research Institute, Kisumu, Kenya

Corresponding Author:

Geélle Sabben, MPH

Hubert Department of Global Health
Rollins School of Public Health
Emory University

1518 Clifton Road

Atlanta, GA, 30322

United States

Phone: 1 4046833103

Email: gaelle.sabben@emory.edu

Abstract

Background: Young people aged 15 to 24 yearsaccount for one-third of new adult HIV infections. Controlling the HIV epidemic
requires effective interventions targeted toward young people and their needs. Smartphone games offer a promising avenue for
reaching this population with evidence-based HIV prevention interventions. It iscrucial to the effectiveness of these interventions
that they be acceptable and intrinsically motivating to adolescents as well as acceptable to their parents.

Objective: Tumaini is a narrative-based smartphone game designed to help prevent HIVV among young Africans aged 11 to 14
years by delaying first sex and increasing condom use at first sex. Following a 16-day feasibility study of Tumaini, we assessed
the acceptability (1) of the intervention, where acceptability was operationalized as appeal, relevance, value, usability, and
understandability, and (2) of this study and a planned future randomized controlled efficacy trial.

Methods: During the randomized feasibility study (n=60) of Tumaini in western Kenya in spring 2017, 30 participants used
the intervention on a study-provided smartphone. The app automatically logged participant interaction with the game in
time-stamped log files. All 30 participants compl eted an Audio Computer-Assisted Self-1nterview—based game experience survey,
and 27 took part in 4 focus group discussions (FGDs) about the game’s appeal, relevance, value, usability, and understandability.
Their parents (n=22) also participated in 4 FGDs about the acceptability of theintervention, of thisstudy, and of aplanned efficacy
trial. Survey datawere analyzed using SA S software (SAS Institute Inc); FGD transcripts were coded and analyzed in MAX QDA
12 (Verbi GmbH); and gameplay log files were analyzed using Microsoft Excel.

Results: Adolescent participants' survey responsesindicated that Tumaini scored well with playerson all indicators of acceptability
(appeal, relevance, value, usability, and understandability). Focus group analyses aligned with these findings and emphasized a
high degree of player engagement with the game, which was supported by log file analysis. Adolescent participants were eager
for additional content, and parents were receptive to a longer study involving biomarkers, based on their positive experiences
with this study. There is scope to improve communication with parents about their role in the intervention. As the game was
tested in beta version, there is also scope to fine-tune some of the game mechanics to increase usability.

Conclusions: This study shows the strong acceptability of an interactive smartphone-based game both to adolescents and their
parentsin western Kenyaand that of the study methods used to pilot-test the intervention. It also suggeststhat longitudinal efficacy
studies of this type of intervention, including those using biomarkers, have the potential to be acceptable among parents.

Trial Registration: ClinicalTrials.gov NCT03054051; https://clinicaltrials.gov/ct2/show/NCT03054051 (Archived by WebCite
at http://www.webcitation.org/70U2gCNtW)
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Introduction

Background

Young peopl e aged between 15 and 24 years, particularly young
women and those from sub-Saharan Africa, account for alarge
proportion of new HIV infections among adults [1]. Due to
demographic change, a youth bulge, or a particularly large
cohort of young people aged 15 to 24 years, makes up alarge
segment of the population in many sub-Saharan African
countries, including those affected by HIV [2]. Without a
significant decrease in HIV incidence, this youth bulge will
result in large numbers of new HIV infections among young
people each year. Any effort to reduce the incidence and
prevalence of HIV must address this age group’s specific needs
through targeted prevention efforts. Reaching them with prerisk
interventions can help them to delay sex and to develop safer
sexual behaviors from the onset of sexua activity [3,4],
including by establishing patterns of consistent condom use[5].

Mobile technologies, including smartphones, are rapidly
becoming more affordable and accessible, including in
sub-Saharan Africa [6,7]. Their increasing ubiquity offers
exciting opportunitiesfor delivering targeted, culturally relevant
prevention messaging and skills-building interventions at scale
and remotely [8]. Thisisespecially appealing for settingswhere
local capacity for implementation and facilitation of group-based
interventions may be limited: remotely delivered interventions
would not rely on trained facilitators to ensure intervention
fidelity or to regularly provide updated content [9].

Smartphones provide a platform for interactive and immersive
interventions, including games, which may be particularly well
suited for young people [10] and have the potentia to be
leveraged in ways that cannot be achieved with traditional
intervention models[11]. Serious games, that is, those designed
with aprimary purposethat isnot entertainment [12], adequately
grounded in behavioral, instructional, and communication theory
[13-15], can provide an engaging and safe environment to build
and rehearse health protective knowledge and skills. Studies of
existing serious games have shown their effects on clinical
outcomes among adol escents[14,16], and an emphasisisbeing
placed on assessing the efficacy of newly developed
technology-based interventions on both health and behavior
[11].

Establishing intervention efficacy is crucial; however, it is no
less important to assess factors likely to affect adoption,
preferably early in the development process [9]. These factors
include the acceptability of theintervention to itsintended users,
their intrinsic motivation to engage with it, and any potential
barriers to its uptake [17]. As a key component of
implementation research, appropriateness of an intervention
can be defined asits* perceived fit, relevance, or compatibility”
for aparticular purpose and consumer [17]. For an intervention
delivered using a technological platform, acceptability of the

http://mhealth.jmir.org/2019/5/€13049/

delivery mode itself, including its perceived ease of use and
relevance, must be considered as influencing users’ eventual
uptake [18]. In this paper, these aspects of user acceptance and
perception of theintervention are combined under the umbrella
term acceptability.

An intervention aimed at minors, especially oneintended to be
delivered remotely without a facilitator, must be acceptable to
the young users as well as to their parents, who are likely to
control access. Assessing intervention acceptability is
particularly important when using new modes of delivery
because little prior research existsto indicate what children and
their parents are likely to find most palatable. In the case of
interventionsintended for |ow-resource settings, evaluation and
dissemination of technologically advanced interventions and
systems have received even less attention.

The success of an efficacy trial for an intervention aimed at
minors also lies in the acceptability of the trial’s design to
parents because their consent is necessary for children’s
participation and thus the feasibility of the study. Parents can
justifiably force study procedures to change or even atria to
end if the methods are unacceptable to them. Therefore, their
acceptance of the methods is critical to studies’ success, in
particular, that of studies focusing on adolescent sexual health,
including HIV prevention research [19]. As such, parents must
be involved early in the process of developing study methods
to identify potential barriers to a study’s acceptability and
smooth the way for successful efficacy trial implementation.

Intervention

Tumaini isanarrative-based smartphone game designed to help
prevent HIV among young Africans. It was tested in a
randomized controlled feasibility trial in Kisumu, western
Kenya, in collaboration with the Kenya Medical Research
Ingtitute (KEMRI) in spring 2017. Pilot outcome datafrom this
study were promising, showing significant effects on behavioral
mediators of sexual debut and condom use[20]. The objectives
of the pilot study included assessing the acceptability (1) of the
game-based intervention, where acceptability is defined as
appeal, usability, understandability, relevance, and value and
(2) of the study itself and of a potential future randomized
controlled trial to establish the efficacy of the game to delay
first sex and increase condom use at first sex. This planned
study would test participants for HIV and herpes simplex virus
type 2 (HSV-2) as proxy for cumulative sexual activity, a
measure motivated by the recognized challenges with
inconsistent self-reporting of sexual behavior (as a risk factor
for HIV) among adolescents [21]. This paper thus shares
findings on the acceptability to adolescent participants and their
parents of the Tumaini intervention and the study itself with a
view toinforming the development of other related interventions
and studies.
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Methods

Data Collection

The participants allocated to the intervention arm of the study
(n=30) were provided with low-cost Android smartphones
loaded with the game Tumaini and asked to play for at least 1
hour per day for the duration of the 16-day study. All other
phone functions, with the exception of the alarm clock (for
reminders), were disabled. The app automaticaly collected
time-stamped gameplay data. Phones were provided to
participants for the duration of the study to ensure consistency
of technology and to avoid any socioeconomic bias resulting
from using smartphone ownership as a criterion for inclusion
in the study.

Both adolescents and their parents were told that Tumaini was
the adolescents' “space to learn” and that adolescents should
feel free to navigate the game as they wished. It was explained
that adolescents could seek help or advice from and speak to
others about the game and its contents if they so desired, and
that parents should feel comfortable speaking to their children
about the game and what he or she was |learning. Parents were
also asked to remind their children to play daily and to contact

the study staff with any concerns, problems, or questions.

Immediately postintervention, all 30 participants completed a
survey about their experience playing the game, delivered via
Audio Computer-Assisted Self-Interview. Participants and their
parentswere a soinvited to take part in focus group discussions
(FGDs) to provide additional insight into their experiences
during the study. Ethical approval was granted by the Emory
University and KEMRI ingtitutional review boards, and the
study was registered with Clinical Trials.gov. Further details of
the study protocol are provided elsewhere [22].

Intervention

Tumaini aims to help prevent HIV among young Africans by
delaying first sex and increasing condom use at first sex. It does
this by increasing knowledge about sexual health and HIV;
building risk-avoidance and risk-reduction skills and related
self-efficacy; challenging HIV stigmaand harmful gender norms
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and attitudes; fostering future orientation, goal setting, and
planning; and promoting dialogue with adult mentors. Tumaini
was developed in collaboration with a US commercial game
developer, Redtime Associates, and US-based and Kenyan
specialistsin adolescent sexual health and HIV prevention and
with input from Kenyan adol escents and their parents. The game
isin English with an audio track featuring Kenyan voice talent.

Tumaini is grounded in narrative and narrative-based applied
communication and social behavioral theory and existing
evidence-based HIV prevention interventions to promote
problem solving, cognitive and behavioral rehearsal,
observational learning, and immersion (manuscript under
review), and it draws on extensive research on HIV-themed
narratives written by young Africans [23-25].

The choose-your-own-adventure interactive narrative follows
6 characters, 3 male and 3 female, as they progress through
adolescence and facereal-life challengesthat playersare likely
to face in their own lives. These challenges include peer
pressure, puberty, violence, and decisions about smoking,
alcohol, drugs, and sex. Players make decisions for the
characters that affect their narrative trajectories and reflect
possiblereal-world consequences of these decisions. The content
explored in the narrative is bolstered by 2 additional
components: minigamesthat tieinto the themes of the narrative
chapters and strengthen players’ knowledge and skills and My
Sory in which players create a personal avatar and respond to
guestionsthat connect the contents of therole-playing narrative
to their lives. Tumaini includes approximately 12 hours of
discrete gameplay; it is designed to be replayed so that players
can observe the outcomes of different decisions.

Participants

All 30 intervention arm participants played the game and
responded to the survey. Subsequently, 27 participated in 4
FGDs, stratified by participant gender and age (11-12 and 13-14
years). The 4 parent FGDs were stratified by gender and age of
the enrolled child and included 22 parents, mostly female. The
demographics of the players, adolescent FGD participants, and
parents are presented in Table 1.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€13049 | p.52
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Table 1. Participant demographics.
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Characteristics

I ntervention adolescents (n=30)

FGD? adolescents (n=27) FGD parents (n=22)

Gender, n (%)

Female 14 (47)
Male 16 (53)
Age (years), mean (SD) 12.8 (1.0)
Religion, n (%)
Catholic 14 (47)
Protestant/Anglican 8(27)
Muslim 2(7)
Seventh-day Adventist 4(13)
Other 2(7)
Living with both parents, n (%) 22 (73)
Housing type, n (%)
Permanent 8(27)
Semipermanent 11 (37)
Temporary 9 (30)
Iron sheets 2(7)
Smar tphone owner ship (check all that apply), n (%)
Parent 21 (70)
Self 2(7)
Sibling 11(37)
Other adult 4(13)
No one 3(10)
Have used a smartphone before baseline, n (%) 22 (73)

12 (44) 19 (83)
15 (56) 3(17)
12.9(0.9) b

13 (48) —
6(22) —
2(7) —
4 (15) —
2(7) —
19 (70) —

8 (30) —
9(33) —
8 (30) —
2(7) —

19 (70) —
2(7) —
10 (37) —
4 (15) —
3(11) —
20 (74) —

3FGD: focus group discussion.

bDemographic data not collected directly from parents but expected to reflect adolescents’ self-report.

Measures and Analysis

The Technology Acceptance Model’s (TAM) framework for
the acceptability of technology-based systems separates
acceptability or user acceptance into (1) a system’s usefulness
and (2) its ease of use. These influence a user’s affective
response and, as aresult, likelihood of using the system [18].
In line with this framework, the survey included questions on
the game's appeal, relevance and vaue (usefulness), and
usability and understandability (ease of use). The appeal of
specific aspects of the game, including its graphics and
characters, was also assessed, and as an indirect measure of
likability, participants were asked whether they would
recommend the gameto afriend. Ease-of-use measuresfocused
on how easy it was to understand how to play the game
(usability) and to understand the English used in the game
(understandability). The game's usefulness questions focused
on what players had learned, how useful they found that content
(value), and how suitablethey found the gameto befor different
player age groups and genders (relevance).

The FGD guide for adolescents included questions about
players impressions of the game, parts they liked and did not
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like, and sections that were hard to play; individual game
components; what they learned; and recommendations for
additional changes or other comments. The discussion guide
for parents focused on their reactions to the game and study,
their suggestionsfor improvements, and their recommendations
for a future larger longitudinal study likely to involve blood
tests. The focus groupswere conducted in amixture of English,
Dholuo, and Kiswahili by moderatorsfluent in all 3 languages.
The participants were encouraged to use any combination of
languages they were most comfortable using.

Survey data were imported into and analyzed using SAS
software (SAS Institute Inc), version 9.4. Descriptive statistics
were calculated and stratified by participant sex and age group.
Transcripts were trandated into English and uploaded to
MAXQDA 12 software (Verbi GmbH) for thematic coding
using inductive (eg, age appropriateness) and deductive (eg,
misunder standings) codes. The datawere analyzed thematically
and compared across demographics. Once the phones were
collected at the end of the intervention, the Tumaini app
gameplay log files were exported to Microsoft Excel and
analyzed for mean exposure time.
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Results

Acceptability of the Game

Appeal

Survey responses indicated that most players played every day
as instructed (87%, 26/30), in most cases for at least an hour
each time (77%, 23/30; Table 2). Almost al players reported
that playing was "very fun" (90%, 27/30), with the 3 others, al
older male participants, responding that playing was “fun.”
Most also responded that given the opportunity, they would like
to play the game much more (93%, 28/30) and that they would
tell friends to play (97%, 29/30), a measure of participants
engagement with the intervention. Log file analyses indicate
that players used the gamefor closeto 27 hours on average, and
all but 1 participant completed the game at least once.

Participants’ enthusiasm was apparent during both participant
and parental focus groups. The adolescents explicitly and
repestedly described the game as"fun”, with 1 young girl saying
she “felt like laughing” when she played (FGD for 11- to
12-year-old females) and all groups saying they would tell their
friends to play also. One older male participant noted that
playing avariety of characters was very enjoyable:

| felt good playing them because even when | was
watching TV and | found it boring, | would just go to
my bed and look at the game [FGD for 13- to
14-year-old males]

Participantsidentified the skillsthey learned and the future goal
planning practice as especialy motivating and useful. They
suggested that the emphases on refusal skills, condom use, HIV
prevention, and future planning would also be appealing to their
friends. Parents comments about their children’s engagement
with the game provided further indication that it had high
motivational appeal. Children appear to have played “willingly,”
not needing or relying on the alarm to remind them to play, and
there were several spontaneous reports of children being
reluctant to return the phones at the end of the study as they
wanted to play more.

Also speaking to the game's appea to players, participants
enthusiastically suggested adding further content to the game
and expanding prizes in the game’s reward system. The older
male participants were particularly enthusiastic about this,
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asking for “30 chapters” “or even 55, as well as more
characters of both genders, growing up over alonger period.

When asked which aspect of the game they liked most (story,
minigames, My Sory, rewards, or look of the game), 14 of the
29 players who indicated a preference (48%) chose the story,
although 29 (97%) players also reported liking the design and
minigame components “alot.”

Usefulness

Players were also enthusiastic about Tumaini 's value to their
lives and its relevance for their age group. All players found
Tumaini to be equally suitable for male and female players
(Table 3). When asked what age group the game was "best for",
half of the players (n=15/30) selected the 13 to 14 years age
range, and 12 others (40%) identified the 11 to 12 years age
range. Two-thirds of the participants indicated that the game
was best suited to their own age group (11-12 or 13-14 years).

Relevance

A total of 13 participants (43%, 13/30) further indicated that
Tumaini would be suitable for adolescents over 14 years and 6
participants (20%, 6/30) for children under 11 years. However,
during FGDs, 5 younger children expressed discomfort around
the age-appropriateness of certain content: 2 boys and 1 girl
said that because of their age they were "confused" about or
"uncomfortable” with the reproductive system and information
about condom use, and 2 girls reported being "frightened" by
scenarios of older men pressuring young women (FGDsfor 11-
to 12-year-old males and females). Older participants, in
contrast, appreciated playing older charactersin preparation for
encountering those situations in their own lives. As one 13- to
14-year-old male explained:

...it felt good because as| was playing the game | was

imagining these things happening in real life. [FGD

for 13- to 14-year-old males)
Concerns about content age-appropriateness were expressed in
one of thefocus groups by 2 parents of younger children (FGD2
for parents of 11- to 12-year-old children). The mother of an
11-year-old boy felt that he should not yet be exposed to
information about condoms. When asked if the subject should
be removed, she demurred:

...it"'s hard for a parent to teach them because it’s of
no usetothem|...] the11-12 year oldsarestill young
and don’t even know how to use condoms

Table 2. Frequency and percentage of respondents responding most positively to questions on appeal by gender.

Variables Age 11-12 years, n (%) Age 13-14 years, n (%) All (n=30), n (%)
Males (n=7) Females (n=5) Males (n=9) Females (n=9)

Played every day 7 (100) 4(80) 7(79) 8(89) 26 (87)

Played 1 hour or more each time 7 (100) 2 (40) 7(78) 7(78) 23 (77)

In general playing was very fun 7 (100) 5 (100) 6 (67) 9 (100) 27 (90)

Would like to play much more 6 (86) 4(80) 9 (100) 9 (100) 28(93)

Would tell friendsto play 6 (86) 5 (100) 9 (100) 9 (100) 29 (97)
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Table 3. Freguency and percentage of participant responses to questions on
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relevance of game by gender.

Variables Age 11-12 years, n (%) Age 13-14 years, n (%) All (n=30), n (%)
Males (n=7) Females (n=5) Males (n=9) Females (n=9)

Age groups suitable for? (years; check all that apply)
Younger than 9 0(0) 2 (40) 1(11) 0(0) 3(10)
9-10 0(0) 1(20) 1(11) 2(22) 4(13)
11-12 4(57) 5 (100) 7(79) 3(33) 19 (63)
13-14 4(57) 5 (100) 8(89) 7(78) 24 (80)
15-16 1(14) 2(40) 5 (56) 3(33) 11(37)
Older than 16 0(0) 0(0) 3(33) 3(33) 6 (20)

Age group best for? (years)
Younger than 9 0(0) 1(20) 0(0) 0(0) 1(3)
9-10 0(0) 0(0) 1(11) 0(0) 1(3)
11-12 5(71) 3(60) 2(22) 2(22) 12 (40)
13-14 2(29) 1(20) 6 (67) 6 (67) 15 (50)
15-16 0(0) 0(0) 0(0) 1(11) 1(3)
Older than 16 0(0) 0(0) 0(0) 0(0) 0(0)

Best for both genders 7 (100) 5 (100) 9 (100) 9 (100) 30 (100)

Most parents, however, indicated that although they had some
initial fears about the appropriateness of the content, these were
soon allayed:

| wasinitially worried that there would be harm, that

the game would contain sexual issues or even

pornography that would influence her attitude...after

playing the game for like a week, | stopped being

concerned [FGD2 for parents of 13-14 year olds]
Oneparent (FGD2 for parentsof 13-14 year olds) soon realized

that the game, rather than being a bad influence, actually
“discouraged her from such bad thoughts about sex.”

Value

The game aso scored high on the measures of its value to
participants. All 30 participantsindicated that they had |earned
“alot” by playing Tumaini and that the information they had
acquired would be “very useful for the future” (Table 4). All
but 1 participant (97%, 29/30), a young male, also indicated
that they had found the game's contents to be immediately

useful. Participants also felt that the game had increased their
preparedness and self-efficacy for managing risky situations:
28 (93%, 28/30) participants responded that they felt more
prepared to handle difficult situations, and 29 (97%, 29/30)
responded that they were more surethat they could say no firmly
in situations of pressure.

During FGDs, adolescents explained that an important aspect
of the game'sintrinsic appeal lay in the value of the game and
itscontent to their lives both in theimmediate and in preparation
for situations they might face in the future. Some reported
feeling encouraged by characters’ positive developments and,
in some cases, applying what they had learned intheir own lives
or sharing their new knowledgeto help others. When discussing
why they would recommend the game to others, 1 young boy
summarized:

| would like to tell them that the game of Tumaini is
a very beautiful game that you can play and
understand thingsthat may help youinlife. [FGD for
11- to 12-year-old males]

Table 4. Freguency and percentage of participants responding most positively to questions on value of game by gender.

Variables Age 11-12 years, n (%) Age 13-14 years, n (%) All (n=30), n (%)
Males (n=7) Femdes(n=5) Males(n=9) Females(n=9)

Learned alot 7 (100) 5 (100) 9 (100) 9 (100) 30 (100)

Information very useful now 6 (86) 5 (100) 9 (100) 9 (100) 29 (97)

Information very useful for future 7 (100) 5 (100) 9 (100) 9 (100) 30 (100)

Sinceplaying Tumaini, | feel more prepared for difficult situations 7 (100) 3(60) 9 (100) 9 (100) 28 (93)

I might face in the future

Since playing Tumaini, | feel more sure | can say no firmly when 7 (100) 5 (100) 9 (100) 8(89) 29 (97)

people are trying to pressure me
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Parents also expressed satisfaction with the ways in which the
content of the game related to the real-life challenges young
people face. They reported that their children had shown
increased interest in topics such as HIV after playing the game
and that the lessons their children had shared with them were
beneficial. These benefits ranged from recognizing and
distancing themselves from peers negative influences to
increasing empathy for others and effectively planning for the
future. Part of the appea of the game for parents was its
resonance with their children’slives:

...the game touched many things; schooal life, life at
home, diseases like HIV...to me it was all okay
because it touches all the parts of life. [FGD1 for
parents of 13-14 year olds)]

Ease of Use

The game's usability and understandability scored reasonably
well on the game experience survey, with 67% (20/30) of
adolescents rating Tumaini"very easy to understand how to
play" and a further 10% (3/30) rating it “a little easy” to
understand (Table 5). Usability rated higher among older
participants.

Usability

During FGDs, adolescents also gave a positive assessment of
the game’s usability, with participants in al groups reporting
that overall the game was "easy", both to play and understand.
Most parents confirmed that their children had not needed much
help to navigate Tumaini. Minor usability concerns centered on
certain of the minigame mechanics being too complex,
particularly among younger players, though players were able
to overcome those hurdles by seeking advice from parents,
siblings, or other trusted adults. Similarly, although adolescent
participants in every FGD noted challenges that arose from
content that they had not encountered previously, they succeeded
by seeking help or, as a 13- to 14-year-old girl noted, through
perseverance:

...some parts like drawing the condom steps were
difficult but | tried and managed. [FGD for 13- to
14-year-old femaleg]

Parents in 2 FGDs mentioned having contacted the study staff
for troubleshooting help. Although afew participants mentioned
minor bugs that remained in the version of the game used for
thetrial, these do not seem to have affected players’ engagement
with the game or its usability.

Under standability

Thegame'slevel of English did not prove achallengeto players,
with 83% (25/30) saying the English was “ easy to understand”
and 1 parent (FGD2 for parents of 11-12 year-olds) reporting
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that her child had told her that “the English in the game was
simple, they are able to understand.” One parent (FGD2 for
parentsof 11-12 year olds) even reported that her son had asked
therest of the household to speak English asaresult of playing
the game. Indeed, in the survey, 25 participants (83%, 25/30)
also said that English was the language in which they would
most liketo play, rather than Dholuo or Kiswahili. Of the others,
2 participants expressed a preference for Dholuo and 3 for
Kiswahili.

The intervention showed a high level of acceptability to
adolescents, judging by their positive reviews in terms of its
appeal, value, and relevance. Participants found the game a
highly appealing way to learn important information, would
recommend the intervention to others, and, given the chance,
opt to play longer. Adolescents also confirmed that, overall,
Tumaini had been appropriately pitched to their age group,
although they indicated that older adolescents might also enjoy
and benefit from playing. The content of the game also spoke
to the adol escents, who reported gaining knowledge, skills, and
self-efficacy with both immediate and future rel evance.

Acceptability of the Study

This Study

Parents’ experiences with the pilot study appear to have been
very positive. They thanked the team for engaging them in the
study, and several spontaneously asked to beincluded in future
studies. Most comments about the acceptability of the study
related to the acceptability of the intervention and its positive
influence on their children, either through its content or by
keeping the child busy during the school holidays. Delivering
the intervention via smartphone was al so acceptabl e to parents,
who noted the family and adolescents’ joy at having a phone
to play with as part of the study. They appreciated that the
phones' other functions were blocked so that it could not be
used for communication by their children. They had no concerns
about their children’s safety while in possession of the phone,
in part because the functions were blocked.

A small number of parents reported not having felt free to
interact with their children around Tumaini and its content.
Although many parents engaged with their children on arange
of topics and with positive results, 3 parents noted that the study
team’sinstructions had discouraged them from playing the game
or interacting with their children asthey would have liked, with
1 parental FGD agreeing on thispoint when it wasraised. These
parents had understood the study team’s instructions about
allowing the child to play without interference as restricting
parents from responding to their children’s questions or helping
their children navigate difficult parts of the game.

Table 5. Freguency and percentage of respondents responding most positively to questions on usability and understandability by gender.

Variables Age 11-12 years, n (%) Age 13-14 years, n (%) All (n=30), n (%)
Males (n=7) Females (n=5) Males (n=9) Females (n=9)

Very easy to understand how to play 4 (57) 3 (60) 7 (78) 6 (67) 20 (67)

English was easy to understand 4 (57) 4 (80) 8(89) 9 (100) 25(83)

Want to play game in English 6 (86) 4 (80) 7 (78) 8(89) 25 (83)
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In one focus group, 2 parents agreed that:

...there were some parts that when he reached he
could have wanted to ask me, but from the way they
were told to own the phone he could not ask

and that the study team:

...didn’t set us free to discusswith this kids when they
were playing thisgame[...] maybeif you left usfree
that maybe we can interact with them at the time they
areplaying that gameit would have been fair. [FGD1
for parents of 11-12 year olds]

Degpite this misunderstanding, there were many reports of
parent-child communication across a broad range of topics,
which are detailed in a separate publication [26].

Future Studies

Parents discussed the possibility of future studies involving
Tumaini, focusing on the logistics of alonger study, aswell as
the possibility of such astudy including blood draws and HSV-2
testing. Parents cited their positive experience with thistria in
support of alonger study and their expectation that any gains
their children made during a short intervention period would
be magnified if they were exposed to the game for longer.
Several, infact, volunteered their family’s participation in such
a study.

In general, there was no opposition to blood collection or to
HSV-2 testing. Several parents of younger children wanted to
be present for blood draws and emphasized that communication
from the study team about the purpose of the blood draw would
be important to ensure acceptability both among potential
participants and in their communities. One mother explained:

It's important you educate so that we be open and
free. If you don't educate usit can be a flop because
people have been doing monkey business with
peopl e’ sblood, which has made peopl e devel op some
diseases that they cannot explain. [FGD1 for parents
of 11-12 year olds]

Some also highlighted the importance of preparing the child for
the test and for the possibility of positive results, including
appropriate explanations, support, and counseling. They aso
expressed a desire to know the results of any test that was
conducted.

Parents questioned when the study intervention periods and
study activities would take place, whether during school or
holiday periods. Most voiced a preference for the study to only
take place during holidays so that it would not coincide with
school responsihilities, and children would not be distracted
from schoolwork by the game.

Discussion

Principal Findings

Both participants and their parents expressed a high level of
acceptability for the game Tumaini. Adolescents and parents
indicated that Tumaini held a great deal of appeal, was highly
valuable and rel evant to adol escents' lives, and was overall easy
to use and understand. Parents responded positively to aplanned
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multiyear study involving biological biomarkers. Thesefindings,
in combination with the data on the intervention’s effects on
secondary (behavioral) outcomes, presented in a separate
publication [20], suggest that a large-scale efficacy trial of
Tumaini iswarranted and would be acceptable to parents of the
target adol escent popul ation.

Acceptability of the Intervention

Adolescents’ positive assessments of the interventions suggest
that these types of serious games and smartphone-based
intervention are acceptable and engaging ways to reach young
people with important sexual health content, including about
HIV. Whether the participants were motivated to use the
intervention because of its entertaining nature or its educational
promise, it is clear that acceptability was high. In the context
of aself-regulated and remotely delivered intervention, such as
this one, it is crucial that users be motivated to access and use
theintervention repeatedly. Thisgroup of adolescent participants
reported regular extended use of the game, requested additional
timewith the intervention, and suggested that additional content
be made available, reflecting high intrinsic motivation to use
the app. Parents’ reportsthat their children had played willingly
and had not needed the alarm reminder to do so imply that
Tumaini’s intrinsic motivational appeal to adolescents may be
high enough to result in unprompted use by the target audience
in the context of alonger efficacy trial and beyond.

Although acceptability is understood to be akey aspect of early
intervention development [9], definitions of the term
acceptability with regard to an intervention are inconsistent;
reliable measuresto assessthisconstruct arefew [27]. Tumaini’'s
nature as atechnol ogy-based intervention resulted in this study’s
definition of acceptability drawing on Davis's TAM framework
[18], in addition to Proctor’s definitions of acceptability [17],
to account for the game's perceived usefulness to and ease of
use for participants, both of which affect its overall likeability.
Participants linking the appeal of Tumaini to its perceived
usefulness and ease of use suggests that the TAM is a useful
framework for assessing acceptability of this type of
intervention. At the time of study design and measures
development, there were, to the best of our knowledge, no
validated acceptability scae or measures. However, the
acceptability and appropriateness dimensions of Weiner et a’s
[28] proposed implementati on outcomes instrument, devel oped
since, do aign well with the items used in this study. As the
field of mobile health (mHealth) continuesto grow, instruments
specifically designed to assess acceptability for this type of
intervention will facilitate comparison of acceptability across
individual interventions.

It is unlikely that al adolescents who fall within the
intervention’starget age range will havetheir own smartphones
(only 3 of the 60 adolescent participantsin this study did at the
time of the study). Thisintervention, if proven efficacious and
made available for download, would likely be used, at least by
some young adolescents, on aparent’s or other family member's
smartphone. It isvery encouraging that during this study, parents
appeared to find Tumaini highly appealing, valuable, and
relevant to their children’'s lives. A small number of parents
minor concerns about the age-appropriateness of the content
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presented were outweighed by the majority’s endorsement of
the positive changes they saw in their children and attributed
to the intervention as well asthe role they saw the intervention
playing in preparing their children for challenges they would
face.

In Kenya, primary school education has been free and
compulsory since 2003, and all subjects are taught in English
from standard year 4 (age 10+ years) onward, so this study’s
eligibility criterion of English proficiency equivalent to grade
3 to 4 did not limit enrollment. The game's English level,
supported by an audio track, appears to have successfully
matched adol escents’ proficiency, making it accessibleto study
participants.

The study had been scheduled to take place during the August
2017 school holiday period. However, the timeline was
advanced by several monthsto avoid coinciding with the August
2017 Kenyan national elections. As a result, there was not
enough time before the study to prepare a fully beta-tested
version of Tumaini. This resulted in users noticing some bugs
and some of the minigame mechanics proving more challenging
than intended. These minor usability issues did not appear to
affect the overall acceptability of the game or its appeal and, in
fact, resulted in additional communication with older family
members about the game as they sought help [26]. Theseissues
will be addressed and a full bug test conducted before further
gametesting as originally planned.

Acceptability of Study

Parents had no negative experiences with or concerns about
their children’sinvolvement in the study and indicated that they
approved of the use of study-provided functionally limited
phones as an intervention delivery mechanism. In addition, there
was no loss to follow-up of adolescent participants, who
continue to engage with the study team on additional
postintervention qualitative research to this day. The only aspect
of the study procedures that raised any issues were the
instructions given to parents about their interactions with their
children around the intervention. Although the instructions to
let children play as they wished were intended to maximize
adol escents’ ownership of their game experience without undue
parental interference, the message was misinterpreted by asmall
number of parents as barring them from discussing the game
with their children. In isolated cases, this resulted in less
conversation and freedom of communication than anticipated.
With parent-child communi cation, such animportant protective
factor for young peopl€'s healthy decision making around sexual
health [29], inadvertently minimizing discussions between
adolescents and their parents about the contents of this type of
intervention through midleading study instructions has the
potential to limit the effects of the intervention. Before any
future studies of Tumaini, instructions relating to parent-child
communication and parents' role in the intervention will be
pretested to ensure that they are clearly understood asintended.

Based on their positive experiences with this study, parents had
few reservations about a study spanning multiple years or one
including the collection of blood for biomarkers. Any anticipated
longitudinal efficacy trial of Tumaini would be planned such
that study visits take place during Kenyan school holidays in
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line with parents’ recommendations. HIV and HSV-2 testing
would follow Kenyan testing guidelines [30], which provide
for pre- and posttesting counseling aswell as parental presence
for young adolescents, addressing parents’ concerns regarding
testing procedures. In light of this, the planned efficacy study
is expected to prove acceptable to parents of other adolescents
in this age group. Other research from Botswana involving
HSV-2 testing as a biomarker for sexual activity identified some
potential barriers to acceptability from parents, which aligned
with parents' concernsin this study [31].

Gooding et a [32] note that defining trial acceptability is
challenging, that it may change over the course of a study’s
duration, and that it islikely to differ across participants. They
encourage an early definition of trial acceptability specific to
the study and its aims rather than an al-purpose definition
applied to studies across the board. They additionally warn
against using loss to follow-up as an indicator of continued
acceptability as withdrawal, or continued participation, may
result from factors external to study methods. This study was
relatively short and parents’ comments on the acceptability of
the planned efficacy trial may not reflect how acceptable the
trial is with participants once the trial is underway. However,
with these caveats, it is encouraging that participants engaged
in this study do not foresee barriers to the acceptability of a
longer study or oneinvolving blood collection. Additional data
collection should be carried out before and a ongside the planned
trial to identify, minimize, and account for emerging obstacles
to continued acceptability, and not merely tolerance, of the study
to al participants [33]. This study adds to the current body of
literature on the development of digital interactive sexua and
reproductive health interventions aimed at adolescents and
young adults. It provides detailed insights into different facets
of acceptability of this intervention intended to inform future
trials of Tumaini. In addition, it discusses the importance of
assessing the acceptability of an intervention and of study
methods before undertaking large-scale efficacy trials and the
value of developing standards to alow for the comparison of
interventions in terms of acceptability.

Limitations

This study included 30 adolescents in the intervention group
and 27 adolescents and 22 parents in the FGDs, and the
intervention period was just over 2 weeks. As most of the
parents were female, it is possible that fathers may have had a
different perception of the game and study. Adolescents were
not asked about the acceptability of blood tests or of a
longitudinal study, and acceptability of afuture study was based
on a hypothetical description of a study rather than a detailed
study plan. This study was conducted in Kisumu, western
Kenya, and the findings may not be generalizable throughout
Kenya or to other parts of East Africa.

Conclusions

As researchers develop innovative mHealth prevention
interventions and strengthen efficacy testing, they must consider
the acceptability of the intervention and trial as crucia to
success. For interventions aimed at adolescents, acceptability
must include acceptability to parents to minimize barriers to
trial retention and intervention uptake. Our study findings show
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a high level of acceptability for a smartphone-based HIV ~ The acceptability constructs used in our study align with new
prevention serious game intervention among adolescents and  frameworks proposed by Weiner [28] and Gooding [32], and
their parents as well as the methods used to conduct the study.  we hope they can help inform similar intervention studies.
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Abstract

Background: Developing and maintaining resilient health systems in low-resource settings like Ghana requires innovative
approaches that adapt technology to context to improve health outcomes. One such innovation was a mobile health (mHealth)
clinical decision-making support system (mMCDMSS) that utilized text messaging (short message service, SMS) of standard
emergency maternal and neonatal protocols viaan unstructured supplementary service data (USSD) on request of the health care
providers. ThismCDMSS was implemented in a cluster randomized controlled trial (CRCT) in the Eastern Region of Ghana.

Objective: This study aimed to analyze the pattern of requests made to the USSD by health workers (HWSs). We assessed the
relationship between requests made to the USSD and types of maternal and neonatal morbidities reported in health facilities
(HFs).

Methods: For clustersin the intervention arm of the CRCT, all requests to the USSD during the 18-month intervention period
were extracted from aremote server, and maternal and neonatal health outcomes of interest were obtained from the District Health
Information System of Ghana. Chi-sguare and Fisher exact tests were used to compare the proportion and type of requests made
to the USSD by cluster, facility type, and location; whether phones accessing the intervention were shared facility phones or
individual-use phones (type-of-phone); or whether protocols were accessed during the day or at night (time-of-day). Trends in
requests made were analyzed over 3 6-month periods. The relationship between requests made and the number of cases reported
in HFs was assessed using Spearman correlation.

Results: Intotal, 5329 requests from 72 (97%) participating HFs were made to the intervention. The average number of requests
made per cluster was 667. Requests declined from thefirst to the third 6-month period (44.96% [2396/5329], 39.82% [2122/5329],
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and 15.22% [811/5329], respectively). Maternal conditions accounted for the majority of requests made (66.35% [3536/5329]).
The most frequently accessed maternal conditions were postpartum hemorrhage (25.23% [892/3536]), other conditions (17.82%
[630/3536]), and hypertension (16.49% [583/3536]), whereas the most frequently accessed neonatal conditions were prematurity
(20.08% [360/1793]), sepsis (15.45% [277/1793]), and resuscitation (13.78% [247/1793]). Requests made to the mCDM SSvaried
significantly by cluster, type of request (maternal or neonatal), facility type and its location, type-of-phone, and time-of-day at
6-month interval (P<.001 for each variable). Trends in maternal and neonatal requests showed varying significance over each
6-month interval. Only asphyxia and sepsis cases showed significant correlations with the number of requests made (r=0.44 and
r=0.79; P<.001 and P=.03, respectively).

Conclusions: There were variations in the pattern of requests made to the mCDM SS over time. Detailed information regarding
the use of the mCDMSS provides insight into the information needs of HWs for decision-making and an opportunity to focus

support for HW training and ultimately improved materna and neonatal health.

(JMIR Mhealth Uhealth 2019;7(5):€12879) doi:10.2196/12879
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Introduction

Background

Wesak health systems are amajor barrier to achieving improved
health outcomesin low- and middle-income countries[1]. It is
therefore not surprising that many countriesthat could not attain
the Millennium Development Goals (MDGs) 3 and 4 which
targeted improvements in maternal, neonatal, and child health
(MNCH), were from the parts of the globe with poorly
developed health systems such as sub-Saharan Africa and
Southern Asia [2]. As global efforts to improve MNCH
intensifies through the Sustai nable Devel opment Goals (SDGs)
3.1 and 3.2 [3], hedth system strengthening has become
imperative to attain these SDGs.

Among the many interventions currently being implemented to
address MNCH chalenges, mobile heath (mHealth)
interventions have been widely used in low- and middle-income
countries [4] as apotential solution to maximize health worker
(HW) impact, efficiency, and health outcomes|[5,6] and improve
service utilization [ 7]. Common areas of application of mHealth
tools include point-of-care decision-making support,
provider-to-provider communication, and datacollection [4,8,9].
Though mHealth interventions are well received by HWs and
the community [9-12], data about their effectiveness with
regardsto patient health outcomes, improved efficiency of health
systems, or their use by HWs are limited [5,7-9,13,14].

Ghana, a sub-Saharan African country, reports unacceptably
high maternal and neonatal deaths that fell short of the MDGs
targets [2]. Ghana's maternal mortality is presently estimated
at 319 per 100,000 live births [15] and its neonatal mortality
rateis 25 deaths per 1000 live births, with higher mortality rates
being reported in rural areas of the country [16-19]. Though
numeroustraining programs and maternal audits are performed
in Ghanato improve the quality of MNCH services[20], health
system constraints still remain. Health system constraints
contributing to persistently high maternal and neonatal mortality
in Ghanainclude cost, distance, availability of health facilities
(HFs), attitude of nurses toward pregnant women [21,22], and
nonadherence of HWsto clinical guidelines[23,24]. To address

http://mhealth.jmir.org/2019/5/€12879/

the constraint of poor adherenceto clinical guidelinesby HWSs,
we designed an mHedth intervention—a clinica
decision-making support system (CDMSS) to facilitate easy
access to maternal and neonatal guidelines for routine and
emergency obstetric, antenatal, and neonatal care for frontline
providers of maternal and neonatal carein Ghana[25].

Description of the I ntervention

This mHealth clinical decision-making support system
(mCDMSS) consisted of 4 components: (1) Phone calls (to
facilitate verbal communication between frontline health
workers, FHWSs), (2) SMS text messaging (short message
service, SMS; to facilitate communication between FHWs
during periods of nonsustained network connectivity), (3)
Access to an unstructured supplementary service data (USSD)
for standard emergency obstetric and neonatal protocols via
SMS text messaging (to provide quick and easy access to the
standard guidelines to maternal and neonatal health protocols
in Ghana), and (4) Accessto theinternet (to facilitate access to
health information that may not be found in the USSD
protocols). All these components were embedded in acomposite
intervention on a project nonsmart mobile phone. The
multifaceted nature of the mCDM SSwas aimed to assure access
to clinical decision-making support for HWs at all times
following suggestions from FHWsfor clinical decision-making
support in a formative study [26]. Access to the USSD was
considered to be the main intervention component. Health
workers were expected to use the phones primarily to access
neonatal and maternal health emergency protocolsviathe USSD
and obtain additional support from colleagues and the internet
via the other intervention components. The messages on the
USSD were created by a team of FHWSs, family physicians,
obstetricians, and pediatricians in the Greater Accra Region,
drawing on the Ghana's Safe Motherhood protocols [27]. The
development of the intervention was done using an iterative
process that piloted and tested the USSD messages among
FHWs in the Greater Accra Region to assure comprehension
and appropriateness of the USSD messages. The USSD was
designed such that new protocol requests needed to beinitiated
if arequest session wasterminated prematurely. FHWSs, mainly
midwives were provided with 312 dedicated nonsmart mobile
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phonesto accesstheintervention. These phoneswere classified
by the research team as shared facility phones if dedicated for
shared-use by all providers of maternal and neonatal health care
services in a HF or, as individual-use phones if dedicated to
personal use of midwives. Each midwife at post in each HF
during baseline assessment was provided with 1 mobile phone
(individual -use phone) as they work closely with maternal and
neonatal patients. FHWs were assumed to be familiar with the
basi c functioning of a mobile phone (making calls, texting, and
accessing the internet) as documented in previous studies
[28,29], so the training concerning the use of the mMCDMSS
focused on how to usethe USSD. Navigation through the USSD
has been demonstrated in Multimedia Appendix 1.

We tested the intervention in a cluster randomized controlled
trial (CRCT) in the Eastern Region of Ghana. The CRCT has
been described in detail elsawhere [25]. Vodafone Ghana, a
telecommunication company, provided technical support for
the mCDMSS and collected routine data regarding how the
intervention was used throughout the intervention period.

Study Objectives

The USSD component of the intervention explicitly and
objectively providesinsight into theinformation needs of FHWSs.
As details of protocols accessed from the USSD by FHWSs are
not known, we aimed to, first, describe the pattern of USSD
protocol requests made by frontline providers of maternal and
neonatal health services in district level HFs in the Eastern
Region of Ghana and second, to examine the relationship
between the patterns of requests made and the incidence of
maternal and neonatal morbidity in HFs accessing the
intervention.

Methods

Study Design and Sampling

This study was conducted within the context of the
aforementioned CRCT, which aimed to assess the impact of the
MCDMSS on institutional neonatal mortality in the Eastern
Region of Ghana and comprised 16 districts randomized into 8
intervention and 8 control clusters. In agiven cluster, all public
and private HFs that work with the Ghana Health Service
participated in the CRCT. We extracted al requests made to
the USSD during the 18 months of intervention implementation
(August 1, 2015 to January 31, 2017) from the USSD server of
Vodafone Ghana; and all morbidity casesfor the aforementioned
timeframe for which reguests were made, from the District
Health I nformation Management System (DHIM S2) in Ghana.
The DHIMS2 is a data recording, collection, collation, and
analysis tool that hosts the entire national institutional health
data of Ghana mainly from the public sector and a few private
facilities [25].

This study was approved by the Ghana Health Service Ethics
Review Committee before its commencement; study approval
number GHS-ERC: 04/09/16.

Data Collection

Before data extraction, phone numbers assigned to various users
was collated such that each intervention user, the HF aswell as
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the district (cluster) the user worked in, was documented and
coded in Vodafone Ghana's database. Thisensured that requests
made to the USSD could be traced back to the clusters, HFs,
and FHWs using the phone. A total of 5 of the individua-use
phones could not be traced back to the FHWs who received
them as they were not signed for, and efforts to reach these
numbers were futile. These 5 phone numbers were thus, not
included in analysis. The USSD data were extracted monthly.
Duetotechnical challengesat Vodafone Ghana, 22 days of data
were lost during the first 6 months of the intervention. From
the DHIM S2 database, maternal cases of postpartum hemorrhage
(PPH), antepartum hemorrhage (APH), hypertensive disorders
in pregnancy (HDP), and neonatal cases of prematurity,
asphyxia, jaundice, cord sepsis, and sepsis occurring in the
intervention period were extracted. In the DHIMS2, data
captured regarding the aforementioned maternal cases cover
hospital in-patients only. In the case of neonatal morbidity, the
DHIMS2 captures data regarding neonatal cases of sepsis and
prematurity at only hospital level, whereas neonatal cases of
asphyxia, jaundice, and cord sepsis are captured as aggregate
datafor all typesof HFs, that is, hospital s, health centers (HCs),
and Community-based Health Planning and Services (CHPS)
working with or within the Ghana Health Service. Due to
challenges with the DHIMS2, some hospitals entered data
concerning morbidities of interest that were not captured or
could not be extracted from the DHIMS2 onto Excel
Spreadsheets that were given to the project team for analysis.
Thedataentry in such situations was done by the hospital health
information officersresponsible for entering those datainto the
DHIMS2, and the data were validated by the head of the health
information unit in these hospitals.

Statistical Analysis

The data were checked for errors and exported from Microsoft
Exce (Microsoft Corporation) to Stata version 13 (StataCorp
LLC) for cleaning and analysis. We classified HFsinto 2 groups
of remote and nonremote areas based on access. Remote
facilities were either located more than 30-min’ walk or more
that 15-min motorbike ride from the main district township and
had poor road access (uneven and untarred roads overcrowded
with weeds and shrubs) |eading to them. Nonremote HFs were
either located within 30-min’ walk or 15-min motorbike ride
from the main district township and had good road access
leading to them. Due to the similarities in organizational
structure, personnel and health services provided by CHPS, and
maternity homes, requests from these 2 facility types were
combined for analysis. Time of accessing the USSD was coded
as day if requests were made from 6 am to 6 pm; all other time
periods were coded night. Maternal morbidities— gestational
hypertension, chronic hypertension, eclampsia, pre-eclampsia,
and hypertensive encephal opathy were al classified as HDP.
Placenta praevia and abruption were considered as APH, and
retained placentawas considered as PPH as patientsare usually
hospitalized because of bleeding from these conditions.
Unspecified cause of bleeding and vomiting were excluded
during analysis. The Vodafone data were not corrected for the
22 days of missing data in the first 6 months of intervention
implementation asthe datawere considered missing compl etely
at random [30].
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Descriptive analysis of requests made to the USSD server from
clusters, HFs, type-of-phone (individual-use or shared-use), HF
location, and time-of-day (explanatory variables) was done and
expressed in numbers and percentages, first, as a combined
18-month data.and then at 6-month intervals. Trendsin maternal
and neonatal requests were assessed. Chi-square and Fisher
exact tests were applied to these analyses to assess the
significance of the observed pattern of USSD requests.
Morbidity from af orementioned cases of interest were estimated
from the DHIMS2. The relationship between USSD requests
and morbidity from cases for which requests were made was
also estimated using Spearman correlation. All analyses were
performed using Stata 13 statistical software and using 2-tailed
tests at alpha=.05.

Results

User Statistics

A total of 74 HFsin al 8 intervention clusters were recruited
into thisstudy (Table 1). Each cluster included at least 1 district
hospital but avarying mix of HCsand CHPS. In all, datafrom
307 mobile phones were analyzed; 74 were shared-use phones,
whereas the rest were individual-use phones. At the end of the
intervention period, atotal of 5329 requests were made to the
USSD. Of these requests, 2396 (44.96% [2396/5329]) were
made during the first 6 months, 2122 (39.82% [2122/5329]) in
the second 6 months, and 811 (15.22% [811/5329]) in the last
6 months. Throughout theintervention period, maternal requests
(66.35% [3536/5329]) were made more frequently compared
with neonatal requests (33.65% [1793/5329]). Requests per
cluster ranged from 1167 (representing 21.90% [1167/5329] of
total requests) to 403 (representing 7.56% [403/5329] of

Table 1. Background characteristics of clusters.

Amoakoh et al

requests); the average request made per cluster was 667. All
clusters made arequest to the USSD. Of the 74 HFs (combined
from all clusters), 72 accessed the USSD at least once during
the intervention period. The 2 HFs that did not access the
intervention included a privately owned maternity home that
had no midwife at post throughout intervention implementation
and a CHPS compound whose midwife shared during aroutine
supervisory visit by the research team that she trusted her
competence in midwifery practice and so did not see the need
to consult the USSD protocols. Among HFs, requests from
hospitals declined from the first to the last 6 months, whereas
requests from HCs and CHPS increased. Close to hundred
percent (98.44% [2904/2950]) of all reguests made from
hospitals were with individual-use phones compared with the
proportion of requests made with individual -use phonesin HCs
(52.87% [654/1237]) and CHPS (30.74% [351/1142]; P<.001).

At night, the proportion of requests made from HCs (27.81%
[344/1237]) and CHPS (27.67% [316/1142]) was lower than
the proportion of requests from hospitals (34.17% [1008/2950];
P<.001). There were similarities in the observed proportion of
maternal protocols assessed by individual -use phones (65.49%
[2560/3909]) and shared-use phones (68.73% [976/1420];
P=.03); and in the proportion of requests made at night by both
phone types (27.62% [450/1630] for shared-use phones and
31.52% [1371/4350] for individual-use phones; P=.003).
Shared-use phones were used more often in remote areas
(78.24% [1111/1420]) compared with individual-use phones
(11.49% [499/3909]) in accessing the intervention (P<.001).
The frequency of shared-use phones accessing the intervention
increased over time, whereas the frequency of individual-use
phone decreased.

Cluster® Number of health facilities

Demographic location of health facilities, n (%) Number of

Proportion of

deliveries shared phones
Hospitad® HCs?  CHPS®  Maternity home! ~ Remote Nonremote per midwife?  received, n (%)
A 1 1 7 0 7(78) 2(22) 80.0 9% (43)
B 1 7 3 0 6(55) 5 (45) 1304 11(38)
c 3 2 9 1 6 (40) 9 (60) 99.0 15(26)
D 2 3 3 0 5(63) 3(37) 94.8 8(20)
E 1 3 2 0 3(50) 3(50) 107.6 6 (24)
F 1 8 1 1 4(36) 7(64) 101.6 11(22)
G 3 2 0 1 1(17) 5(83) 750 6(11)
H 1 3 3 1 4 (50) 4 (50) 96.4 89 (26)

&Clusters have been named A-H for anonymity.
bReference year is 2014.

CIncludes both private and public hospitals.

9HCs: Health Centers.

€CHPS: Community-based Health Planning and Services.
fIncludes only private maternity homes.

9This may differ dlightly from the sum of the number of midwives in the cluster and the number of health facilities as 2 individual-use phones from

these clusters could not be traced.
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The proportion of materna requests from remote (69.81%
[1089/1560]) and nonremote areas (64.92% [2447/3769] aswell
asthe proportion of requests made at night from remote (31.09%
[485/1560]) and nonremote areas (31.39% [1183/3769]) were
similar (P=.001for request type, P=.046 for time of day requests
were made). The frequency of remote areas accessing the
intervention increased over time, whereas the frequency of
nonremote areas decreased. Requestsby clusters, HFsand their
location, type of request (maternal or neonatal), type-of-phone,
and time-of-day varied significantly at 6-month intervalsduring
the intervention period (Table 2).

Trendsin Maternal Requests

Detailed analysis of maternal requests show that PPH protocols
were accessed the most (27.22% [450/1653]) in the first 6
months, followed by other conditions protocols (16.76%

Amoakoh et al

[277/1653]) and HDP protocols (16.21% [268/1653]). This
trend in requests was repeated in the second 6 months (PPH:
22.69% [300/1322], other conditions: 20.57% [272/1322], and
HDP: 16.34% [216/1322]). In the last 6 months, HDP (17.7%
[99/561]) was the second most accessed protocol after PPH
(25.3[142/561]), whereas APH and other conditions contributed
14.4% (81/561) each to reguests made. Across clusters, this
trend in maternal requests was significant at each 6-month
interval (P<.001 for each timeframe). Across HFs, the trend of
maternal requests af orementioned differed significantly only in
the first and second timeframe (P=.04, P=.03, and P=.15,
respectively); by type-of-phone, this trend varied at all 3 time
points (P=.05, P=.01, and P<.001, respectively); and across
HFs, maternal request trends differed in the third 6th month
aone (P=.57, P=42, and P=.001, respectively, for each
timeframe).

Table 2. Distribution of unstructured supplementary service data requests at 6-monthly intervals.

Variable First 6 months, Second 6 months, Third 6 months, Total, frequency (%)  p value for X2 test
frequency (%) frequency (%) frequency (%)
Cluster?
244 (10.18) 216 (10.18) 198 (24.41) 658 (100.00) <.001
B 262 (10.93) 184 (8.67) 42 (5.18) 488 (100.00) <.001
c 406 (16.94) 311 (14.66) 97 (11.96) 814 (100.00) <.001
D 174 (7.26) 220 (10.37) 98 (12.08) 492 (100.00) <.001
E 173 (7.22) 153 (7.21) 77 (9.49) 403 (100.00) <.001
F 552 (23.04) 438 (20.64) 177 (21.82) 1167 (100.00) <.001
G 261 (10.89) 468 (22.05) 48 (5.92) 777 (100.00) <.001
H 324 (13.52) 132 (6.22) 74(9.12) 530 (100.00) <.001
Type of request
Maternal care 1653 (68.99) 1322 (62.30) 561 (69.17) 3536 (100.00) <.001
Neonatal care 743 (31.01) 800 (37.70) 250 (30.83) 1793 (100.00) <.001
Type of facility
Hospitals 1563 (65.23) 1069 (50.38) 318 (39.21) 2950 (100.00) <.001
HCS 418 (17.45) 587 (27.66) 232 (28.16) 1237 (100.000 <.001
CHPSC and maternity homes 415 (17.32) 466 (21.96) 261 (32.18) 1142 (100.00) <.001
Type of phone
Individual -use 1921(80.18) 1531 (72.15) 457 (56.35) 3903 (100.00) <.001
Shared-use 475 (19.82) 591 (27.85) 354(43.65) 1420 (100.00) <.001
Demographic location
Nonremote 1906 (79.55) 1435 (67.62) 457 (56.35) 3769 (100.00) <.001
Remote 490 (20.45) 687 (32.38) 354 (43.65) 1560 (100.00) <.001
Time of day
Day 1573 (65.65) 1526 (71.91) 562 (69.30) 3661 (100.00) <.001
Night 823 (34.35) 596 (28.09) 249 (30.70) 1668 (100.00) <.001

8Clusters have been named A-H for anonymity.

PHCs: Health Centers.

SCHPS: Community-based Health Planning and Services.
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There was no variation in maternal requests trends by
time-of-day reguests were made at 6-month intervals (P=.16,
P=.58, and P=.93, respectively). Detailed analysis of maternal
requests pertaining to other conditions showsthat hyperemesis
wasthe most frequently requested protocol accounting for 26.3%
(47/179) and 37.4% (70/187) of requestsin thefirst and second
6 months, respectively. This was followed by fetal distress,
which accounted for 18.4% (33/179) and 13.9% (26/187) of
reguests and premature rupture of membranesfor gestation <37
weeks, which accounted for 17.3% (31/179) and 13.9% (26/187)
of requests for other conditions for the same timeframe. In the
third 6 months, cord prolapse, hyperemesis, and premature
rupture of membranes for gestation <37 weeks accounted for
28% (15/54), 28% (15/54), and 19% (10/54) of other conditions
request, respectively. Figure 1 describesin detail the pattern of
maternal requests made by the clusters, HFs and their location,
type-of-phone, and time-of-day for each 6-month period. Overall,
therewas a20.02% (331/1653) and a57.56% (761/1322) decline
respectively, in the number of maternal requests made from the
first to the second 6 months and from the second to the third 6
months of intervention implementation.

Trendsin Neonatal Requests

Trends in neonatal requests show that prematurity protocols
were accessed the most (22.6% [168/743]) in the first 6 months,
followed by abnormal breathing protocols (15.8% [117/743])
and neonatal sepsis protocols (16.2% [113/743]). In the second
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6 months, prematurity was most requested (16.9% [135/800]),
followed by neonatal sepsis (16.38% [131/800]) and then
neonatal more (16.3% [130/800]). In the last 6 months,
frequently requested protocol s were prematurity, resuscitation,
and asphyxia in descending order of 22.8% (57/250), 14.8%
(37/250), and 14.0% (35/250), respectively. Across clusters,
thistrend in neonatal requests was significantly different during
the first and second 6 months of intervention implementation
(P<.001 in each interval and P=.12 in the third 6 months).
Across HFs, this trend of neonatal requests was again
significantly different during thefirst 6 months (P=.001, P=.07,
and P=.15, respectively, per interval); by type-of-phone, the
observed trend aforementioned varied significantly during the
first 6 months (P<.001, P=.38, and P=.07, respectively, per
timeframe); by HF location and time-of-day, requests varied
during the second 6 months only (P valuesfor location type=.31,
P=.001, and P=.13, respectively; P values for time-of-day
analysis=.20, <.001, and .78, respectively). Detailed analysis
of neonatal more requests show that 55.4% (72/130) of requests
concerned neonatal seizuresand the rest concerned birth trauma.
Figure 2 describes in detail the pattern of neonatal requests
made by the clusters, HFs and their location, type-of-phone, and
time-of-day for each 6-month period. Overall, therewasa7.7%
(57/743) increase and then a 68.8% (550/800) decline,
respectively, in the number of neonatal requests made from the
first to the second 6 months and from the second to the third 6
months of intervention implementation.

Figurel. Maternal requests at 6-month interval by cluster, health facility type and location, phone type, and time of day requests were made. P values
are chi-square tests or Fisher exact test comparing requests within each subcategory of each explanatory variable at 6-month intervals. Clusters have
been labeled A-H for anonymity; CHPS: Community-based Health Planning and Services.
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Figure 2. Neonatal requests at 6-month interval by cluster, health facility type and location, phone type, and time of day requests were made. P values
are chi-square tests or Fisher exact test comparing requests within each subcategory of each explanatory variable at 6-month intervals. Clusters have
been labeled A-H for anonymity; CHPS: Community-based Health Planning and Services.
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Correlation Between Requests M ade and | ncidence of
Cases
Generally, the number of maternal and neonatal cases exceeded

the number of requests made except in the case of PPH. The
correlation between requests made and actual number of cases

recorded in HFs ranged from weak to strong positive and
negative correlations. Spearman correlation was, however,
significant for only asphyxia (Spearman rho=.44; P<.001) and
sepsis cases (Spearman rho=.79; P=.03). Table 3 details the
correlation coefficients for al outcomes of interest.

Table 3. Correlation between requests made to the intervention and actual number of cases recorded in health facilities.

Type of case Number of requests® (%) Number of cases (%) Spearman rho P value
Maternal®
Antepartum hemorrhage 231 (51.7) 242 (100.0) .05 .90
Postpartum hemorrhage 438 (49.1) 298 (100.0) -.03 .93
Hypertension 267 (45.8) 1339 (100.0) -32 41
Neonatal
Asphyxia 320 (100.0) 2004 (100.0) 44 <.001
Jaundice 15 (100.0) 158 (100.0) 18 12
Cord sepsis 6 (100.0) 63 (100.0) -07 57
Sepsis? 124 (40.4) 185 (100.0) 79 .03
Prematurity® 208 (57.9) 831 (100.0) -22 58

8Represents the proportion of requests from only health facilities included in analysis.

bReprasents hospital level dataexcluding 3 of the 12 hospitalsin the intervention arm. Two of these 3 hospitals are in the same district and are privately
owned; data from hospitals excluded were unavailable to researchers as of time of data analysis (August 2018).
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Discussion

Principal Findings

This study describesthe pattern of requests made to a SM Stext
messaging—hased mobile CDM SS by FHWs providing maternal
and neonatal health services in Ghana. We assessed the
relationship between protocol requests made and types of
maternal and neonatal morbidities for which requests were
made. All clusters accessed theintervention, which is consistent
with known findings of general acceptability of mhealth
interventions among HWs and communities [9-12]. Maternal
protocol s were requested for more often than neonatal protocols,
suggesting differencesin information needs among FHWswith
regards to maternal and neonatal care. Such differences in
information needs was previously documented among
community-level HWs in Nepa who seemed to be more
knowledgeablein neonatal than maternal care matters[31]. This
observation could also be a reaction of FHWSs to the extensive
maternal death audits conducted in Ghana[20]. Neonatal deaths,
on the other hand, have not received such attention.

The high number of requests for protocols of PPH, HDP,
prematurity, and sepsisin our study reflectsthe global and local
trend in maternal and neonatal morbidity where these
morbiditiestop thelist [2,32-34]. This observation emphasizes
the persistence of these morbiditiesin low-resource settings and
the consequent need for health system strengthening in this
regard and focus on these areas during HW training.

Within clusters, PPH and prematurity protocols were most
commonly requested, suggesting that FHWSs in the different
clusters have a common information gap regarding these 2
morbidities that was bridged by this intervention. Differences
inrequests by category of HFs appearsto reflect the differences
in information needs of FHWs at the different levels of health
care[35]. Surprisingly, the majority of requests emanated from
hospitals where one would assume resource availability to be
higher. The higher number of requests from hospital FHWs
could indicate an unmet need for clinical decision-making
support that is action-oriented even at higher levels of the health
system. D’ Adamo and his colleagues made similar findings of
anear or complete lack of accessto current useful information
for digtrict- and community-level HWsin their study [35]. Itis
striking that the trend in both maternal and neonatal requests
did not differ significantly by HF location at al 3 time points
in our study. A plausible explanation for this observation is
similarities in competencies of FHWs in both remote and
nonremote settings. Thismay be particularly true asin the Ghana
Health Service, HWs may befreely transferred from 1 HF type
to another. Similaritiesin FHW competencies across HFs may
explain the absence of differences in request trends by the
time-of-day requests were made. Detailed information about
the FHWSs who utilized the intervention could have provided
more information regarding this analysis but was not collected
in this study. The higher proportion of requests made by
nonremote areas compared with remote areas is most likely
because of the higher proportion of individua-use phones in
nonremotes areas where there are generally higher numbers of
midwives. Hence, a collinear relationship between requests
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made by type-of-phone and HF location can be observed.
However, it isremarkable that nearly all requestsfrom hospitals
were made with individual -use phonesimplying anear absolute
redundancy of shared-use phonesin hospitals. Thisobservation
suggests that FHWs who were given the project phones are
probably the same and only people who used the intervention
in hospitals. Lack of knowledge transfer concerning the
availability and use of the intervention with other FHWs who
missed the project team’s training sessions, the practice of
keeping project phones under lock and key in senior colleagues
offices, and the use of project phones as though they were
individual-use phones by HWs who received these phones on
behalf of the HFs, as documented in a study to understand how
and why the intervention was used [36], could explain the low
number of USSD requests by hospital shared-use phones. These
observations are common health system challenges in
low-resource settings that need to be addressed as not al HWs
may attend the various training programs constantly organized
for staff, and scarce resources have to be shared.

The setup of our intervention database is unique and allowed
for in-depth analysis of requests madeto the USSD by individual
users unlike previous work [11]. Our study shows varying
pattern of requests for emergency protocols across and within
clusters, HFs and their | ocation, type-of-phone, and time-of-day
and type of request made at all 3 time points considered in this
study. Thisreflects the dynamic nature of information needs of
FHWSs. Such dynamism has been reported [10,37,38] and is
important to take into account in the design and maintenance
of CDMSS[10,12,37,38] aswell astraining for FHWSs.

The intervention phones were predominantly used for voice
calls(64%), followed by data (28%), SM Stext messaging (5%),
and USSD to access protocols (2%), respectively [36].
Differential baseline technological literacy among FHWs may
have impacted the use of the different intervention components
[36]. The declined usage of the USSD over time can be
explained by the so-called novelty effect associated with mhealth
interventions [37,39-42]. Novelty effect is the tendency for
performance to initially improve when new technology is
instituted, not because of any actual improvement in learning
or achievement, but in response to increased interest in the new
technology [43]. However, the novelty-effect alone cannot be
considered asthe reason for the much lower number of requests
made in the last 6 months of the study. Another possible
explanation for this phenomenon may be testing effect in
learning (that long-term memory is often increased when some
of the learning period is devoted to retrieving the
to-be-remembered information [44]). The much lower usage of
the USSD in the last 6 months is most likely because of
conversion of USSD protocols into tacit knowledge of FHWs
[36]. Availability of specialist obstetricians, doctors, and senior
midwives in hospitals and the need to conform to instructions
from superior colleagues (eg, doctors) can also explain this
finding, particularly in hospitals where the observed declinein
requests was highest [36]. Conflict from overreliance on
CDMSS [37] by users of the CDMSS and provider knowledge
and experience from nonusers of the CDMSS may lead to
abandonment of the CDMSS in resolving such conflicts with
the mindset that critical thinking of the human mind must not
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be taken over by a CDMSS [37]. Where there is a disconnect
between protocols and the reality on the ground (such as lack
of equipment), HW may also decide not to access electronic
resources [10]. Technical and supervisory support to motivate
users may also play arole in the decline in requests observed
[12,36], and thus, this observation warrants further probing.

The moderate to strong correl ation between the number of sepsis
and asphyxiarequests suggest that FHWs actually encountered
these cases and used these protocols in their decision-making
for these morbidities. The converse may be true where weak
and negative associ ations are observed; exploration of the USSD
protocol sto satisfy FHW curiosity and mobile network problems
[11,45,46] necessitating that FHWs send multiple requests may
explain these weak and negative associations.

Limitations

Though our study highlightsimportant patterns of useof aSMS
text messaging—bhased CDMSSS, the use of information accessed
in the care of patients or clients is undetermined in this study.
Though this limitation is inherent in the design of this study,
this study provides much needed insights asto how an mHealth
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SMS text messaging—based CDMSS functioned in a
low-resource setting and quantifies the information needs of
FHWs providing maternal and neonatal health carein thistype
of setting. Insight into the information needs of FHWSs can
inform the design of interventions mHealth (or otherwise) to
meet these needs.

Conclusions

This study demonstrates that health care providers of maternal
and neonatal health servicesin Ghanareadily useamobile SMS
text messaging—based CDM SSin their clinical decision-making.
These FHWs used the mHealth tool to request emergency
protocols depending on their information needs, which varied
across and within clusters, HFs and their location, and with
time. Thus, the information needs of HWSs is not static but
continues to change over time requiring health system
strengthening strategiesthat take cognizance of thisdynamism.
Mechanisms to sustain utilization of similar mHealth CDMSS
interventions must be designed to suit relevant context if such
interventions will be up-scaled as health system strengthening
strategiesin future.
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Abstract

Background: Despite the existence of adequate technological infrastructure and clearer policies, there are situations where
users, mainly physicians, resist mobile health (mHealth) solutions. This is of particular concern, bearing in mind that severa
studies, both in developed and developing countries, showed that clinicians' adoption is the most influential factor in such
solutions’ success.

Objective: Theaim of this study wasto focus on understanding clinicians' rolesin the adoption of an oncology decision support
app, the factors impacting this adoption, and its implications for organizational and social practices.

Methods: A qualitative case study of a decision support app in oncology, called ONCOassist, was conducted. The data were
collected through 17 in-depth interviews with clinicians and nurses in the United Kingdom, Ireland, France, Italy, Spain, and
Portugal .

Results: This case demonstrates the affordances and constraints of mHealth technology at the workplace, its implications for
the organization of work, and clinicians role in its constant development and adoption. The research findings confirmed that
factors such as app operation and stability, ease of use, usefulness, cost, and portability play amajor rolein the adoption decision;
however, other social factors such as endorsement, neutrality of the content, attitude toward technology, existing workload, and
internal organizational politics are also reported as key determinants of clinicians' adoption. Interoperability and cultural views
of mobile usage at work are the key workflow disadvantages, whereas higher efficiency and performance, sharpened practice,
and location flexibility are the main workflow advantages.

Conclusions: Several organizational implications emerged, suggesting the need for some actions such asfostering awork culture
that embraces new technologies and the creation of new digital roles for clinicians both on the hospitals or clinics and on the
development sides but also more collaboration between health care organizations and digital health providersto enable electronic
medical record integration and solving of any interoperability issues. From atheoretical perspective, we also suggest the addition
of afourth step to Leonardi’s methodological guidance that accounts for user engagement; embedding the usersin the continuous
design and development processes ensures the understanding of user-specific affordances that can then be made more obvious
to other users and increase the potential of such tools to go beyond their technological features and have a higher impact on
workflow and the organizing process.

(JMIR Mhealth Uhealth 2019; 7(5):e13555) doi:10.2196/13555

KEYWORDS

telemedicine; smartphone; cell phone; oncologists; electronic health record; workflow; workload; workplace; public health
practice; technology; perception; health education; mHealth; mobile health; telehealth; eHealth
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Introduction

Background

Globally, health care sectors are facing persistent challenges
including increasing costs, inconsistent patient care, and a
growing burden of chronic disease. One way of overcoming
these challenges that have become increasingly the focus of
policy change is the transformation of care through a
patient-centric service design and taking a more proactive and
preventive approach that focuses on quality of lifeand not only
on treating the disease [1].

Smartphones can and do play a strong role here. The latest
developmentsin mobile technology have allowed smartphones
to achieve increasingly sophisticated tasks [2], so much so that
anew areaof health, mobile health (mHealth), hasemerged [3].

The global observatory of electronic health in the World Health
Organization defines mHealth as “medical and public health
practice supported by mobile devices, such as mobile phones,
patient monitoring devices, personal digital assistants (PDAS),
and other wireless devices’ [4]. mHealth solutions differ from
other information and communication technology applications
in the sense that they are typically user-driven, accessible, and
affordable [5]; therefore, a good understanding of the factors
impacting user adoption and the rolesthey play in such adoption
are key to the success of such solutions.

However, despite the existence of adequate technological
infrastructure and clearer policies, there are situations where
users, mainly physicians, resist mHealth solutions [6]. Thisis
particularly relevant, bearing in mind that several studies, both
in developed and devel oping countries, showed that clinicians
adoption isthe most influential factor in such solutions’ success
[7-10]. Remarkably, studies show that social aspects are the
major factor behind the nonadoption of new technologies,
mainly owing to their complexity and the fact that users tend
to prefer existing systems over newly introduced ones [11,12].
Furthermore, clinicians attitude toward risk isacrucial element
in the successful implementation of new health care technol ogies
[13].

Objectives

Therefore, this research focuses on understanding clinicians
roles in the adoption of mHealth solutions and its implications

for clinicians practice. The topic is investigated through the
following subquestions:

«  What are clinicians' roles in the adoption of mHealth
solutions?

«  What are the factors that constrain or afford clinicians
adoption of mHealth?

« Does the use of mHealth impact socia practices in this
context? How?

These questions are addressed through a case study of an
oncology decision support mHealth solution called ONCOassi st
and its adoption by clinicians across Europe.

Created in 2012, ONCOassist, shown in (Multimedia A ppendix
1), isafree decision support app for oncology clinicians, with

https://mhealth.jmir.org/2019/5/€13555/
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over 11,000 active users worldwide in 2019 at the time of
writing this paper. The app gives oncologists and oncology
nurses easy access to arange of features that aim to help them
save time and improve the quality of patient care. The app’s
key features are explained in Multimedia Appendix 2.

User research, as a mode of inquiry, has shifted from the
assumption that there is a stable material thing (a technology)
and separate and identifiable user preferencesin relation to it
toward an understanding in which use and technology are seen
as bound together within one another and are constitutive of
one another [14-16]. From this ontological perspective, it is
challenging to explain user choices within existing modes of
inquiry [17-20]. It follows that new and more balanced
user-research methodol ogies are needed if questions about user
choices and preferences, with regard to new technology, are to
be asked.

Contemporary sociomaterial scholars explain that, from their
perspective, the social and materia combine over time
(imbricate) to yield stable sociomaterial constructions—such
as stable patterns of use and new organizational structures[21].
Technology partly constrainsthese constructions, without wholly
determining them, as users interact with certain preferred
features of technology to create particular technology
affordances [17,18,22,23]; that is to say that technology is
defined not just by its functions and its materiality but by how
precisely it is constructed through use. At the same time, use
cannot be seen as distinct from those functions or the materiality
of the technology in question [22]. Technology affordance, in
other words, lies somewhere between the user and technol ogy.

Understanding the aff ordances resulting from this sociomaterial
interaction isalso key in accounting for how technology impacts
on organizations and the process of organizing, as people's
interactions with objectsinfluences the way they organizetheir
microlevel relations [24] and a so impacts on the definition of
people's roles [25,26]. Moreover, as organizations become
increasingly digital, scholars have portrayed how the
technol ogies used at the workplace are central to the enablement
of new forms of organizing and practice and how, in turn, new
practices are essential to the enablement of new technologies
and new organizational forms[27,28].

Therefore, to better understand therole of clinicians (the users)
in the adoption of mHealth (new technologies) and the
implications for health care organizations (organizing), the
research themes and questions were developed in line with
Leonardi’s Methodological Guidelines for the Sudy of
Materiality and Affordancesto crystallize the focus of the data
collected in the interviews [22].

This study used Leonardi’s guidance to build a solid analysis
of the role of users in technology adoption and its impact on
organizations following these 3 main steps:

« Understanding and documenting the material aspects of
technology and their limitations by identifying utility and
limitations of the app as perceived by the participating
clinicians.
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- Linking the material aspects of technology to the tasksthat
they enable and facilitate by recognizing the real constraints
upon opportunities faced by clinicians when using the app.

« Recognizing the processes resulting from these affordances
and determining the consequential interactionstaking place
in the organization by understanding the workflow
advantages and disadvantages related to the app’s usage.

The following section explains the research method and how
theinterview questions and subsequently the analysis stemmed
from these 3 steps.

Methods

A qualitative paradigm was adopted becauseit gives precedence
to the voices of participants and the individual and unique
reflexivity of the researcher [29] and because of therichinsights
it offers, which can help draw out and understand clinicians
experiences and perceptionsin different ways that quantitative
methods cannot [30,31].

Data Collection

Thedatawere collected viain-depth semistructured interviews.
Given that participants were in many different locations across
Europe, not all interviewswere held face-to-face, some of them
were conducted via Skype, Google Hangouts, or telephone
conferencing. Furthermore, physical artifacts such as screenshots
of the app, the devices it can be used on, and example written
feedback to the devel opers (eg, app reviews on the app store)
were collected to develop a broader perspective about the
solution subject of the study [32]. The data collection took place
from February 2018 to January 2019, and atotal of 17 interviews
were conducted with 13 participants (4 were follow-up
interviews with the same participants to clarify some details or
to ask more questionsthat were necessary for theanalysis). The
interviews lasted between 23 min and 110 min and were all
conducted and recorded by thefirst author (CJ) in English. Data
collection stopped when an acceptable level of saturation was
reached.

Table 1. Sample demographics and characteristics (N=13).

Jacob et d

Sampling Techniques and Participants' Profiles

Purposive sampling was used, where potentia participantswere
selected based on their ability to provide rich and in-depth
information about the research topic [29,30]. Key informants
in the participating company were contacted, and asnowballing
sampling was used to identify suitable participants in their
solutions’ user base. The main selection criteria were that
participants must be active clinicians or former users of the app
being studied. To avoid the possible selection bias that might
result from the key informants selectively choosing users with
apositive inclination toward the studied solution, it was agreed
that participantswould be asked if they can inturn refer to other
colleagues who were using the solution and were willing to
participate. Some participants did refer other colleagues, who
were using the app, and some agreed to participate in the study.
However, unfortunately, none of the userswho had discontinued
use of the app agreed to take part in the research when they
were asked.

The participants were working in hospitals and clinics in the
United Kingdom, Ireland, France, Italy, Spain, and Portugal;
and the sample was composed of 8 oncologists (one of them
was also an ONCOassist cofounder), 3 nurses, and 2 other
members from the ONCOassi st team as shown in Table 1.

Data Analysisand Ethical Considerations

Thematic analysis was used to identify and extract themes that
addressed the research questions and explained what each theme
could mean as well as the links between themes [33]. QSR'’s
NVivo was used for coding and then excerpts were selected to
create an account that tellsthe narrative of each themein away
that hel psthe reader to understand the analysis. Thefirst author
(CJ) conducted the interviews and did the initial analysis and
coding; she is a digital strategist with more than 17 years of
experience and has contributed to the creation and realization
of several digital solutions in health care. Then, the second
author (ASV) reviewed the coding; any cases of disagreement
about coding were discussed in conjunction with the last author
(Cl) and mutually agreed. The thematic map is represented in
Multimedia Appendix 3, and the phases of thethematic analysis
are clarified in Multimedia Appendix 4.

Sample Characteristics Composition
Function (%)

8 oncologists (one of them is also an ONCOassist cofounder) 61.5

3 nurses 23

2 other ONCOgassist cofounders 155
Gender (%)

5females 385

8 males 61.5
Tech awareness (Participants were asked to define their tech awareness on ascale of 1 to 10), mean 7.25
Health care experience (years), mean 145
Moabile health experience (years), mean 7

Location

United Kingdom, Ireland, France, Italy,
Spain, and Portugal
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Theinfographic creator, Venngage, was used to visualize some
of the findings and not to quantify the data but to emphasize
the frequency by showing visually which themes were brought
up by more participants than others. The frequency reflected in
theinfographics countsthe theme only once per participant and
doesnot accumulateif the same participant brought up the same
theme several times. Such visualization mainly aimsto improve
the comprehension of the article especially when contrasting 2
elements such as workflow advantages and disadvantages [34]
and can provide a clear and simpleillustration of the dominant
themes and ideas for lay readers[35].

Ethical approval was obtained from the Faculty Research Ethics
Panel under the terms of Anglia Ruskin University’s Research
Ethics Policy, and all participants were briefed about the
research context and signed a study consent form agreeing to
participate.

Interview Themes and Questions

The interview questions addressing each of the 3 following
themes are reflected in the interview topic guides available in
Multimedia Appendix 5. Thefirst interview guide was used for
clinicians and the second was used for providers.

Theme 1: Accounting for Materials

This theme evolves around understanding the limitations of
technology and the types of usesthat it enables. Understanding
the material aspects of mHealth solutions is crucial because it
allows us to identify the different ways it can be used as well
as things that cannot be done with it owing to material
limitations.

Accordingto Leonardi, technological features* can have various
degrees of utility based on the forms into which they are cast”
[22]. He explainsthat agood understanding of the technol ogical
features of the solution, recognizing what it can do versus what
it cannot do, should help avoid the misconception that userscan
achieve unlimited tasks with the technologies that they usein
their daily work. Therefore, understanding not only the
opportunities but also the limitations of mHealth solutions is
crucial asafirst step of the analysis.

The way atechnological tool is built matters because based on
that some uses might be very difficult or impossible to achieve,
the same way that materials often resist scientists' efforts to
control them, implying that materials have agency [36].
Nevertheless, the user’s ability to rearrange or reshape the
materials impacts the way they are used [37].

Therefore, researchers need to understand the materials that
form a specific technological tool, how they are organized into
specific features, and what such features do or not do.
Answering these questionsiskey to understanding any potential
limitationsto the use of a specific technology at work; therefore,
recognizing the rea constraints upon opportunities is the first
step toward the rationalization of the role of materiality [22].

Theme 2: Accounting for Materiality

The focus of this theme is to understand users’ perceptions of
technology and how they intend to useit. Leonardi clarifiesthat
peopl €' sviews of technology can influence theway they utilize
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it in their everyday practice; he explains that claiming that a
certain technology has materiality means that its materials are
being entangled or imbricated with users experiences and
culture in forms that make it hard to define the technological
tool separately from its context of usage [22]. This
understanding acknowledgesthat users' intentions and the goals
that they want to achieve when using a specific technology have
an impact on its affordances.

Several scholars believe that materiality is mainly created
through observations of affordance and constraint [18,38,39];
such observations can explain how materiality arises at the
junction between technology and its users [40,41]. Some
scholars suggest that affordances happen when the existing
material properties of aspecific technology are given ameaning
based on its users’ behavior and that people will not interact
with atechnology unlessthey aready recognizeits utility [42];
this would entail that one technology can result in different
outcomes based on the understanding that materiality can offer
various affordances [22]. Conversely, other scholars suggest
that affordances are created by design and waiting to be
perceived, are not atered across the diverse contexts of use,
and are not created by the users but rather by the designers, and
it is up to the usersto discover them [43,44].

Hutchby takes the middle ground explaining that affordances
go beyond users and technology’ s properties and are established
based on the kind of relationship formed between people and
the technology that they use; accordingly, affordances of a
specific solution can change from one context to another even
when its material features remain unchanged [45]. This is
because users usually have different objectives when
approaching materiality, so they distinguish different uses that
a specific technology can afford [36]. This relational nature of
affordances also means that technology can have various uses,
which can result in various ways in how work is organized
[46,47].

Therefore, researchers need to understand what social
organizations shape the users' objectives, how these objectives
impact users' understandings of what a specific technology can
or cannot do, and what makes users perceive different
constraints or affordances based on the options obtainable by
the material aspects of the technology itself [22].

Theme 3: Accounting for Materialization

Leonardi explains that once the researcher understands
technology limitations and users' intentionsfor its use and how
this impacts the affordances, it is important to expand the
analysis to comprehend the influence of technology on
organizing. This evolves around analyzing and realizing the
instances when specific affordances influence and transform
the actions, hierarchies, and relationships that constitute the
organizing process [22].

It is important to remember that not every technology will
clearly impact the organizing process, it is the creation and
enablement of specific affordances that helps materials and
materiality to materialize in a way that actualy impacts
organizations and how work is being organized [22]. Thisidea
is emphasized in Leonardi’'s example of how a group of
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technicianswho were given anew Information Technology (1T)
system started by using it for its initially defined feature of
assigning jobs to others, and as they realized its affordances,
their use developed to use it for documenting completed jobs,
which further evolved to use this past documentation to define
who is the best technician to be assigned a new job based on
previous experiences. Only then did the new system start to
materialize as a crucial element in organizing and optimizing
work in that department [48].

Therefore, researchers need to understand how the current
patterns of organizing rely on the materiality of specific
technologies, why some organizing processes create a socia
context in which technology can materialize in actions and
interactions’ flows, and how have the affordances enabled by
technology supported, changed, or transformed the way that
people work or interact in a specific organization [22].

Results

Accounting for the Materials: Utility and Limitations

Participants were first asked to name the features that they use
most in the app to better understand the technological artifacts
that they find most useful. They named the featuresin Table 2.

They were then asked to explain how the app helped them and
their patientson adaily basisto better understand ONCOassist’s
utility from their perspective; 3 key themes emerged as
visualized in Figure 1. The size of the circles reflects the
frequency of the themes; blue represents utility elements and
gray, limitations.

All participants mentioned that the app helps them to savetime
and be more efficient in their daily work. The app also alows
amore seamless clinic experiencefor patients becauseit enables
clinicians to make critical decisions at the point of care, aso
enhancing patient safety and quality of care. The compact
overview of numerous tools and the possibility to switch
between the Web application and the mobile app were also

Table 2. Most used features.

Jacob et d

highly valued. Sample participants quotes are reflected in
Multimedia Appendix 6.

To complete the picture, the participants were al so asked about
any limitations they faced when using mHealth apps. And as
most participants did not recall many limitations in the
ONCOeassist app, they were also asked to reflect on limitations
associated with other mHealth solutions they had experienced.
Thelimitations are visualized in Figure 2 and explained below.

Factors such as information incompleteness or incorrectness,
for example, outdated information, can be perceived as
limitations. Apps where the design is too cluttered and users
cannot find what they are looking for are usually abandoned.
This was not the case with ONCOassist, but some participants
mentioned it as the reason why they stopped using other apps.

Furthermore, interoperability and electronic medical record
(EMR) integration are the key system-related limitations that
most mHealth apps are currently facing. Shortage of resources
can be an issue, financing isaconcern, especially in Europe, as
most hospitalsare publicly funded. Again, thiswas not the case
with ONCOeassist, which is free, but some participants
mentioned it as a general barrier with other paid mHealth
solutions. Sample participants quotes are also reflected in
Multimedia Appendix 6.

To have a deeper understanding of perceived limitationsin the
current features, the parti cipants were al so asked to suggest new
features that they would like to add to the app. They requested
alink to guidelines, adding drug interactions, immunotherapy
toxicity, access to new research on different protocols and
regimes, adding a prostate-specific antigen (PSA) doubling
calculator, a feature for patient monitoring and management,
the possibility to use big data for predictive models, breast
cancer protocols, clinical trial matching, enabling acommunity
aspect for clinician discussions, loca drug prices and
reimbursement information, geriatric tool improvement,
interpersonalization based on subspecialty, Systemic
Anti-Cancer Treatment (SACT) datasets, and product
characteristics.

Feature Sample quote

Toxicity criteria

Calculators

“1 find it very easy for doses of toxicity... it's very practical becauseit'sal in one” (P3)

“It'sreally useful for when | have to calculate carboplatin dosage using the right formula. It allowsmeto doital in

the app as opposed to the really, really long calculation that you normally have to make” (P4)

Staging tools
Adjuvant tools
Product characteristics

Customer service
and | need help with that” (P8)

Drug interaction

Offline functionality
on how these apps work” (P8)

“Themain thing that | used the most was the AJCC because it has the super summarized staging” (P7)

“1 use ONCOassist for prognostic values in choosing adjuvant chemotherapies’ (P6)

“It'suseful ... especially with the new treatments. They're evolving all thetime” (P4)

“And the customer service specifically with ONCOassist is very good. | can directly ask, even if |'ve got any issues

“And now the drug interaction checker, which is very, very, very important for us’ (P6)

“A lot of hospitals, the way they are, for some reason the signal is never good. And therefore, that also has a bearing
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Figure 1. Workflow Improvements and Disadvantages.
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Figure 2. Utility and Limitations.
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In afollow-up interview, the ONCOQOassist team explained that
features such as the product characteristics and new research
on different protocols and regimes already exist in the app but
probably the participants who mentioned them were not awvare
of it. Furthermore, the features drug interactions and PSA
doubling calculator were about to be launched at the time of
writing of this paper just in time to meet the participants
requests. The patient monitoring and management feature is
also being piloted at the time of writing this paper.

The team explained that other requested features such as drug
prices and reimbursement information can be quite challenging
to implement because they can vary drastically from country
to country and they are subject to frequent change, which
requires a large team that is constantly working on updating
thisinformation to guarantee it is correct.
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Accounting for Materiality: Constraintsand
Affordances

To understand affordances, it is important to first start by
understanding the intention for use. Therefore, the participants
were asked to explain why they decided to use the app in the
first place and what they intended to achieve with it.

Most participants decided to use the app because it could help
them save time and be more efficient as the information that
they need on a daily basis is aggregated reliably in one place;
it also increases efficiency by offering a standardized and
reliable tool. Recommendations from another oncologist, a
medical society, a conference, or even social media channels
such as Linkedln motivated them to try the app; furthermore,
usefulness and the constant development and update make the
information on the app more accurate than other sources and
can improve the quality of care by aiding clinical decisions.
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For a more comprehensive analysis, it is also important to
consider the reasons for nonadoption; however, it was not
possibleto recruit nonusers, presumably because they were not
interested in the topic. To addressthis gap, the participantswere
asked about what they thought could be the reasons why other
colleagues might not adopt mHealth solutions. The main reasons
given were due to social and cultural factors such as attitude
toward technology, age, attitude toward change, previous
negative experiences, and perceptions of the use of a personal
device at work; furthermore, the nature of the role can also be
a factor; depending on how complex the role is, the need for
apps may differ. Also, thereis a greater awareness of apps that
are advertised more and, accordingly, use is more widespread.

The interview questions evolved to address the participants
more holistic views of the factors impacting the adoption of
mHealth from their perspective, going beyond ONCOassist to
have a general understanding of barriers and opportunities for
mHealth adoption. The main themes arereflected in Multimedia
Appendix 7 with sample participants quotes and a visua to
emphasize their frequency.

App operation and stability including factors such as app size,
offline functionality and reliability on connectivity, loginissues,
and the type of device used may be perceived as constraints or
affordances to the use of such apps. Almost al participants
mentioned cost as a key factor that could hinder the adoption
of such apps, especialy for younger clinicians. Most partici pants
mentioned ease of use as a decisive factor for the adoption.

Usefulnessisalso very important, that the app addresses aneed
for clinicians to adopt it, purely informative solutions are not
perceived as value adding in the form of an app. Endorsement
and recommendations from people or institutions that they can
trust are an important factor for adoption. Reliability and
neutrality of the content, as well as things such as regulatory
approval, are decisive factors for the adoption.

Social and cultural factorsthat impact peopl€’s attitudes toward
technology, such as digital savviness or perceptions of the use
of apersonal device at work, can also play a considerablerole
in the adoption. Work overload and workplace politics can also
play arole in the adoption, depending on what each clinician
is focusing on and prioritizing. Finaly, the portability and
location flexibility of the app asapocket solution isasignificant
affordance for adoption.

Accounting for Materialization: Social and
Organizational Implications

The partici pants acknowl edged several social and organizational
impacts of the app usage as visualized in Multimedia A ppendix
8to emphasize their frequency, along with participants sample
quotes.

The app helps users feel more empowered and autonomous.
The progress of Health Tech in general isfostering the creation
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of new digital rolesfor cliniciansand their involvement in digital
training and raising awareness about mHealth among their
colleagues. The decision to use one mHealth solution or the
other lies with the individual clinicians themselves and not
centralized through the administration.

Owing to the need for speed, location flexibility, and the limited
number of computers available at the workplace, clinicians
prefer to reach out to their personal mobile for quick access
rather than using the computers at work. Participants also noted
that new health technol ogies, including mHealth, are replacing
traditional toolsin health careingtitutions. Also, if systematically
embraced by the organization, such an app could be used as a
tool for people evaluation and reward.

When asked about workflow improvements, the participants
brought up 3 key themes as visualized in Figure 1 and detailed
below. The size of the circles reflects the frequency of the
themes; the blue color represents workflow advantages, and the
gray color represents workflow disadvantages. Sample
participants’ quotes are reflected in Multimedia Appendix 9.

The app made their work easier, hel ped them be more efficient,
looked more professional, and meant less interruption. It also
sharpened their practice by giving them a backup and a safety
net. It offered them location flexibility by helping them
overcome computer shortage as well as decision making at the
point of care or in meetings; it can also be an alternative in
places where a computer is not allowed.

Participants also mentioned 2 workflow disadvantages that
should be considered, as shown in Figure 1.

Thereisdtill aninteroperability issue, asthe majority of mHealth
apps are not integrated into EMRs and therefore could easily
be dismissed in favor of bigger vendors who offer such an
integration. Cultural views on the usage of mobile phones at
work and the perception that it is wasting time can impact
mHealth users negatively in the workplace.

FutureVision and Clinicians' Rolein Adoption

Participants agreed that the future of mHealth is promising and
will have a considerable impact on health care. Intotal, 3 main
themes emerged in the discussion about their views of the future
of mHealth. They expect a rise in the adoption of mHealth
solutions, especially with the standardization of EMRs, and
such solutions can then beintegrated or plugged into the system.
They also expect to be able to benefit from artificial intelligence
and all the big data that will result from the implementation of
EMRs more widely; such data can be fed through mHealth, for
example, to create predictive models and proactive treatment.
This could a so enable amore patient-centric approach to health
care.

They al aso agreed that clinicians would play a centra role
not only in the adoption of mHealth solutions but also their
development as shown in Table 3.
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Table 3. Clinicians' rolesin the adoption of mHealth.
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Theme

Sample quote

New digital rolesfor clinicians, bothin digital health start-upsand
in health care institutions

More involvement in the devel opment and design, not only in the
early stages but also through the whole lifecycle of the app.

Education and awareness by acting as ambassadors, raising
awareness, and taking the lead for digital health education in health
careingtitutions

With the efficiencies achieved with mHealth apps, clinicians will
be able to focus more on the human side and invest more timewith

“By having CCIOs, clinical information officers, to get involved with the I T side
of service provision. Soit'snot IT companies just serving up a ready-made
product, but they're actually engaging clinicians at an earlier stage to make them
more useful” (P5); “And so we will have more and more, some doctors involved
in the development. Maybe if these companies will hire doctors’ (P9); “I think
of having an experienced nurse that her daily job won't be to see the patients but
rather to see the parameters on her computer ... it'slike acontrol centre that will
take care of the patients’ (P3)

“Well, hopefully, we'll be engaged in the design of these processors, which we
are being, alittle bit more than we used to be”, (P11); “I think the physicianswho
know alot can have good ideas and more things that can better these apps’ (P5)

“So it's organising forums that even that they can be discussed, and educating
other staff about them” (P12); “ Education. Remove the fear. Stigmas about use
of mobile phonesin workplace, in hospitals need to stop” (P4)

“And | don't think there is going to be any machine able to sit with a patient and
explain to them and look at them in the eye, all those things that robots don't do

the patients themsel ves as opposed to spending al the time getting
the task done.

but we as humans do” (P7)

How Do These Insights Make Their Way Back to the
Design?

Given the interesting affordances and workflow impacts that
emerged from the insights, it was important to understand
whether the providers have processes that help them identify
these affordances, understand any limitation, and embed these
insightsin the constant development of the tool. In afollow-up
interview with the team to better understand how they engage
their users, they explained that their key to successisto follow
Steve Bank’s advice by getting out of the building and talking
to their users [49]; one of the company’s founders explains,
“And part of our CE approval is that we're always engaging
with users, always asking how can we improve.”

Therefore, they established a process that enables them to
systematically engage with their users depending on how
engaged they are as visualized in Multimedia Appendix 10.

All active usersreceive weekly learning emailsfor thefirst few
weeks about various features on the app where they are also
asked to give feedback. Every user that exceeds 25 active
sessions automatically gets an email asking them to fill out a
survey; then after 50 sessions, they get another email prompting
them to leave app store feedback; they also get emails at various
stages throughout their life cycle, asking them what they think,
“Is there anything we need to improve?’

Inactive users, defined by the providers as every user that has
not used the app for 60 days, automatically get an email asking
themtofill out asurvey to help the team better understand why
these users stopped using the app.

Engaged users, also known as power users, are the users that
giveregular feedback, they are usually invited to a30- to 60-min
interview during one of the major oncology conferences such
as the European Society for Medical Oncology to have amore
in-depth discussion with the team and give more detailed
feedback. Theteam explainstheimportance of theseinterviews
to them:

https://mhealth.jmir.org/2019/5/€13555/

| think people are more likely to tell you like—when
you meet themin person, they're going to tell you the
small little things that annoy them, more so when
they're responding to surveys or emails. The slight
littlethingslike, “ | haveto click hereto go back here
to find this” Those kind of things, which | think is
really useful.

The team started to identify users who were willing to be more
involved to be invited to become official advisors as part of the
extended team. One of the founders clarifies, “We need more
medical input, so we're trying to kind of get this panel of
clinicians giving us input and paying them for that, in order to
kind of help us go to the next level of tools” This effort has
just started, and the team is looking at how they can expand it.

After collecting the feedback, the team discusses together to
start screening the users’ input and decide on which features to
add accordingly; one of the founders explains:

We are lucky in that the majority of users request
similar tools and content, this makes our jobs easier.
| think as ONCOassist developsit’s obvious what is
missing, and most of our engaged users notice this
and point it out. It may be because certain tools and
content are becoming more relevant, because of new
products on the market. Sometimes we get feedback
that may be a little different, which is very useful as
well, but 60-70% of the time the requests are similar.
Other timeswe get requests for toolsthat are difficult
for usto build in the short to medium term. We take
note of thisto seeif trends emerge.

The team also ensured that there was a process to allow them
to inform the users when the feature they requested was
implemented, as they clarify, “We usually take note of the
emails, and then when it goes out, we let them know. And
there’s also—like we send them a short email, a personalised
message, saying, ‘Hey, just so you know, thisis now live’. But
they’ll get a group email as well,” this helps the team build a
personal relationship with these engaged users.
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Some of the requests that they receive are also about existing
features, as they explain:

Other times—all of what our biggest problem at the
moment isaround discovery. e have content in there
that people don't know is available, so that's
something we're working on aswell. It’s like making
sure that people know that we have what they need
already... It can be an educational process.

The ongoing challenge that the company is facing, similar to
most mHealth start-ups, is monetization, as the team explains:

| feel like we' ve figured out the user interaction, and
getting that feedback, and building based on that
feedback. Now, for us, the big challenge is figuring
out how to kind of have a scalable model with
companiesthat resultsin us generating good revenues
and kind of having on-going relationshipsin helping
and showing improved outcomes.

Discussion

The results show that technology adoption in our case study is
influenced by factors that go beyond the technical and material
features of the app; there are other social and organizational
factors that play a crucial role in the adoption and success of
such new technologies as detailed below.

Under standing the Possibilities and Limitations of
Technological Artifacts

Overall, the participants found the app useful, but not all features
were seen as equally so; some were emphasized more than
others were and some more rel evant to specific cases. Features
relevant to everyday tasks at the point of care such us toxicity
criteria, calculators, staging tools, and adjuvant tools topped
thelist. Whereas other features, such as product characteristics,
were perceived as important in the case of new drugs because
clinicians may not be familiar with new medications and this
tool can allow them to quickly check drug-related information,
especially given that new drugs are continuously being
produced.

The main utility of the app is time saving and efficiency as it
helpsbusy cliniciansintheir daily work in different ways. From
one side, it serves as a memory aid as they cannot memorize
all theformulasand checking toxicity calculations, for example,
takes time, but with the app, they can get that in a couple of
seconds while on the go, thismakesit faster and easier to extract
information. At the sametime, the app helpsthem ensure higher
quality of care and patient safety by enabling them to make
critical decisions at the point of care, such as recaculating a
dose based on body weight fluctuation, contributing to a
seaml ess patient experience at the clinic or hospital. Clinicians
created further affordances by using it as a support tool in their
discussionswith the patientsto better explain to them why some
decisions were made (eg, why should they continue with
chemotherapy even after the tumor is out) extending the use of
the app from a clinician tool to a support tool in patient
discussions.
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Even though the participants explained that there was nothing
inthe app that they cannot find el sewhere (eg, medical websites
or paper-based calculators), it was the compact overview and
the presence of all relevant toolsinasingle app that isaccessible
anywhere anytime that made it particularly useful for them.
Here, it is clear that the material features of the mobile app, its
portability, and accessibility played an important role in the
way it is being used by the users and why they perceived it as
more convenient and easier to use compared with possible
alternatives.

However, the app is not without limitations, the lack of
information completeness or correctness is perceived as the
main limitation, for example, not all adjuvant tools are on the
app; hence, if clinicians need to use one that is missing from
the app, they will need to use a different tool to do so.
Design-related limitations such as clutter also made it difficult
for the users to find what they were looking for; this was not
the case for ONCOQOassist, but the participants mentioned that
they did face this issue with other medical apps. Hence,
reaffirming Kallinikos' idea that the way a material feature is
shaped or arranged has an impact on the way it is actually used
[37]. Thelack of EMR integration was also seen asalimitation,
such an integration would make it very easy to adjust
calculations and toxicity criteriato specific patient profilesand
electronic records, taking the app’s utility to awhole new level
of convenience and efficiency. This technological
interoperability hurdle confirms that often it is the software
rather than the feature themselves that can be limiting to some
technology uses [22]. Furthermore, there are also social and
organizational aspects such as shortage of time and financial
resourcesthat can cause limitationsto such solutions' adoption.

When talking about limitations and features that they would
liketo add to the app, it wasinteresting to see that some existing
features were on the requested list, showing that participants
were not always aware of everything that the app could do,
which underlined the crucia role of awareness and training.
Oudshoorn and Pinch emphasized this point when they
explained that the success and adoption of new technologies
usualy depends on the users knowledge of its features and
how to use them, stating that “It has long been recognized that
the most sophisticated and complex computer hardware and
software will come to naught if users don’t know how to use
them” [50].

Under standing Constraintsand Affor dancesas Defined
by the Users

When exploring the intention of use and theinitial motivesthat
encouraged initial use of the app, participants highlighted severa
features of the app and what it enabled them to achieve, that is,
saving them time, increasing work efficiency, and improving
quality of patient care. As Gibson proposes, users might refrain
from interacting with an object or in this case a technological
solution, without learning what it is good for [42]. However,
participants also mentioned some aspects related to what
technology in general allows, such asthe constant devel opment
and update of digital sources, which makesthem more accurate
than media—such as medical books or paper-based tools.
However, social aspects, such as endorsement, also impacted
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the intention of use, which is a reason for adoption given by
nearly all participants. Hence, clinicians mostly trust tools that
are endorsed by other clinicians or reliable medical associates
they know, showing how social and material aspects start to
become entangled, while the decision for adoption does not
only rely solely on the tool’s features and capabilities but also
on social aspects such astrusted endorsement. Thisimpliesthat
without social aspects such as endorsement some exceptional
mHealth solutions might not get used.

Social and cultural factors are perceived as the main source of
constraints when it comesto mHealth adoption; general attitude
toward technology and change, age, previous negative
experiences, and perceptions of the use of a personal device at
work can be decisive factors in the nonadoption of mHealth
according to participants. For instance, an important example
of entanglement of the social and the material is when the use
of the smartphone at work is routinely perceived as a
nonprofessional activity. Even though professional apps that
can run on smartphones are no longer a novelty, the stigma
related to the use of personal devices at work persists. Users
being concerned with negative perceptions resulting from
cultural views of smartphone use at work validates previous
scholars argument that “culture tells us what something
affords,” implying that constraints and affordances are the joint
result of the entanglement between the material aspects of
technology and cultural practices forming users’ perceptions
[22,51].

A further look into the participants views of what elements
would afford or constrain mHeath helps us understand
materiality at the intersection between social and material
aspects as Farg) and Azad and Majchrzak et a explain [40,41].
The material aspects mentioned by clinicians mostly evolved
around app stability and operation, cost, ease of use, usefulness,
and portability; these findings agree with previous research that
also reported similar factors [3,52].

However, these aspects intertwined with other important social
aspects namely recommendations from people or institutions
they can trust, reliability and neutrality of the content (the
content provider must be neutral to betrusted, whereas examples
given highlighted concerns of bias where content was provided
by Pharma companies), social and cultural factors impacting
peopl€'s attitudes toward technology, and some organizational
factors such as workload and internal politics. These findings
complement previous research that shed light on nontechnical
factorsthat play acrucial role in mHealth adoption [53-56].

It's also worth noting, however, how the material properties of
different technologies can also afford different use cases
depending on the context they are being used in [22]; this was
clear with participants experiences around how they switch
between the maobile app and the Web app on the desktop when
they are using ONCOeassist. Several examples showed that the
mobile app’s portability, accessibility, and compact overview
are the key added values of the solution; however, in specific
socia contexts, that is, if the clinician is showing agraph to the
patients using the app they might prefer to use the Web
application to avoid a persona message showing on the phone
being seen by the patient, which, in turn, might appear as
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unprofessional. This highlights the importance of both mobile
apps and Web applications astheir use can differ from one social
context to another.

Under standing How Technology Materialized in the
Organizing Process

Various socia and organizational impacts of the app usage were
mentioned, namely people empowerment, asthe app helpsusers
be more autonomous and gives them more power through
knowledge and education; it al so empowers young doctors that
find themselves in an environment that does not encourage
guestions as they can find answers to any queries via the app
without having to ask a more senior colleague. Furthermore, at
this early stage of adoption, the decision making is till
individualized, meaning that the decision to use one mHealth
solution or another lieswith theindividual cliniciansthemselves;
however, this may change as the rise of the adoption of such
solutionsis also driving the creation of new rolesfor clinicians
evolving around digital solutions. We now start to see clinical
information officers in some hospitals and clinics to deal not
only with the medical aspects but also the IT side of such
services including topics such as interoperability and software
integration, which could lead to more centralized decision
making in the future.

Clinicians also prefer to use their personal devices rather than
the work devices due to the need for speed, location flexibility,
and the limited number of computersavailable at the workplace.
In addition, these apps are rapidly replacing some traditional
tools such as textbooks, paper-based calculators, and websites.

Another examplethat can have clear organizational implications
isthe use of the app for people eval uation and rewards through,
for example, streamlining the calculations and SACT datasets
and attaching them to Commissioning for Quality and
Innovation, based on which staff members get monetary
rewards. However, this is only feasible if it is systematically
embraced by the organization and not decided on an individual
basis. This reinforces the argument that the impact of the
materials and materiality on the organizing process can only be
seen if something enables their materialization [22]; in our
example, thiswould not happen unless the management enforces
the use of the app for people evaluation and rewards.

Asfor workflow advantages, the app enhanced users’ efficiency
and performance by making their work easier, quicker, more
professional, and with fewer interruptions. It aso led to a
sharpened practice because it provided a backup solution and
asafety net to double check drug dosages and cal culations then
adjust in case of fluctuations in patient’s weight, for example.
The personal phone usage also enabled location flexibility; by
hel ping them overcome computer shortages or instant decision
making at the point of care or in meetings, it can also provide
asolution in places where traditional devices are not permitted
such as the clinica room where computers are not allowed
because of infection control.

Nevertheless, interoperability and lack of integration with EMRs
are seen as key workflow disadvantages because the app as it
standstoday cannot be directly linked to a specific patient health
record, meaning that clinicians have to enter the individual
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patient values manually for each cal cul ation. Some participants
suggest that appsthat do not offer EMR integration could easily
be dismissed in favor of bigger vendors who offer such an
integration. On the contrary, cultura aspects such as
assumptions made regarding mobile phone usage in the
workplace and the perception that it is a waste of time could
impact mHealth users negatively in the workplace unlesstackled
and awarenessiis raised.

Theseinsights complement the existing literature that pinpointed
the importance of organizational and workflow factorsthat can
considerably hinder mHealth adoption if not addressed properly
[6,54,57]

Accounting for User Engagement: Affordances
Enablement

The 3 stepsin Leonardi’s methodol ogical guidelines smoothly
lead usinto understanding the materials, followed by materiality,
then materiadization, and how the materiality impacts the
organizing process. What it does not address though is how can
the affordances be enabled through user engagement; in other
words, how is user feedback considered and how does this
feedback make its way into the design process. It isimportant
to find a way to identify mechanisms that would enable the
designers to understand and maximize the potential of the
affordances created by the users.

ONCOeassist offers a best practice example of embedding the
usersin the development process and how it made for a constant
interaction between the socia and the material, allowing the
material to develop in away that best serves both organizational
and social practices. They explained how they capture feedback
from every user category depending ontheir level of engagement
and that they keep adding new features based on this feedback.
They also recently established an advisory board that includes
some of the apps’ power users. This enables them to always be
on top of newly emerging medical needs and stay relevant in a
world that is constantly changing.

From their side, clinicians showed clear interest in being a part
of the development process and foresee arise in digita roles
for clinicians, both in digital health start-ups and in health care
institutions. This would entail more involvement in the

Figure 3. Accounting for User Engagement.

Step 1: Accounting for
materials

Step 2: Accounting for
materiality

Step 3: Accounting for
materialization

Step 4: Accounting for
user engagement
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development and design of such solutions, not only in the early
stages but also through the whole lifecycle of the app, and they
would act as ambassadorsraising awareness and taking the lead
for digital health education in health care institutions. Some
clinicians are clear advocates of such solutions because they
believe that it would help them focus more on the human side
through the efficiencies that they create.

This paper proposes the addition of afourth step to Leonardi’s
guidelines to account for user engagement as visualized in
Figure 3 [22], by identifying existing feedback loops,
understanding which user-suggested features and affordances
are selected for further devel opment, how they are selected and
based on which criteria, and who the decision maker is. These
guestions would help to capture any processes that activate the
role of the users and the implementation of affordances that
might arise.

Including the users in the constant development and testing of
innovativetoolsis not without challenges, especially considering
the very competitive environment that mHealth start-ups are
operating in; hence, they are protective of their ideas, which
resultsin most of the design and testing being done inside the
company without involving anyone external [58]. This, however,
needs to change to enabl e the user-created affordances to make
their way to the design and to ensure that these new tools will
stay relevant to the usersin aworld that changes continuously.
A balance between user engagement and confidentiality can be
achieved through advisory contracts, nondisclosure agreements,
or thelike.

Practical and Theoretical Implications

This case demonstrates the affordances and constraints of
mHealth technology at theworkplace, their implicationsfor the
organization of work, and clinicians’ role in their constant
development and adoption. The research findings confirmed
that factors such as app operation and stability, ease of use,
usefulness, cost, and portability play a major role in the
adoption. However, other socia factors such as endorsement,
neutrality of the content, attitude toward technol ogy, workload,
and internal politics are also perceived as key determinants of
adoption.

Understanding any potential limitations to the use of a specific technology at
work; recognizing the real constraints upon opportunities is the first step
towards the rationalization of the role of materiality (which is the next step).

Exploring the entanglement of the social and the material through the
understanding of users’ views of technology, their usage intentions, decision
drivers and what they perceive as an affordance or constraint when using it.

Recognizing how the organizing process is impacted by the affordances
created by new technologies in the workplace.

Identifying existing feedback, which user-suggested features and
affordances are selected for further development, what are the selection
criteria, and who's the decision maker.

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€13555 | p.85
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Several organizational implications also emerged, suggesting
the need for some actions such as fostering awork culture that
embraces new technol ogies and the creation of new digital roles
for clinicians both on the hospitals or clinics and on the
development sides but aso more collaboration between health
care organizations and digital health providers to enable EMR
integration and solve any interoperability issues.

From atheoretical perspective, this study suggests the addition
of a fourth step to Leonardi’s methodological guidance to
account for user engagement; embedding the users in the
continuous design and development processes ensures the
understanding of user-specific affordancesthat can then be made
more obvious to other users and increase the potential of such
toolsto go beyond their technol ogical features and have ahigher
impact on workflow and the organizing process.
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Limitations and Recommendations for Future
Research

This case study is limited to a specific mHealth solution and a
specific geography during a specific timeframe, and therefore
its findings may not be generalizable to other contexts where,
for example, the health care system and its regulations could
be considerably different. Furthermore, the sample size is
relatively small and excluded nonusers because their recruitment
proved to be very challenging. Moreover, given the constantly
evolving nature of mHealth, the context of the research might
change very quickly necessitating new research to update the
findings.

To address some of these limitations, future research should
cover other mHealth solutionsin other geographies, timeframes,
and contexts. It would also be very relevant to include some
nonusers to the participants mix to cover their views as well.
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Abstract

Background: Patient-generated health data (PGHD), especially lifelog data, are important for managing chronic diseases.
Additionally, persona health records (PHRS) have been considered an effective tool to engage patients more actively in the
management of their chronic diseases. However, no PHRs currently integrate PGHD directly from Samsung S-Health and Apple
Health apps.

Objective: The purposes of this study were (1) to demonstrate the devel opment of an electronic medical record (EMR)—tethered
PHR system (Health4U) that integrates lifelog data from Samsung S-Health and Apple Health apps and (2) to explore the factors
associated with the use rate of the functions.

Methods: To upgrade conventional EMR-tethered PHRs, a task-force team (TFT) defined the functions necessary for users.
After implementing a new system, we enrolled adults aged 19 years and older with prior experience of accessing Health4U in
the 7-month period after November 2017, when the service was upgraded.

Results: Of the 17,624 users, 215 (1.22%) integrated daily steps data, 175 (0.99%) integrated weight data, 51 (0.29%) integrated
blood sugar data, and 90 (0.51%) integrated blood pressure data. Overal, 61.95% (10,919/17,624) had one or more chronic
diseases. For integration of daily steps data, 48.3% (104/215) of patients used the Apple Health app, 43.3% (93/215) used the
S-Health app, and 8.4% (18/215) entered datamanually. To retrieve medical documentation, 324 (1.84%) users downloaded PDF
filesand 31 (0.18%) usersintegrated their medical recordsinto the Samsung S-Health app viathe Consolidated-Clinical Document
Architecture download function. We found a consistent increase in the odds ratios for PDF downloads among patients with a
higher number of chronic diseases. The age groups of >60 yearsand =80 yearstended to use the download function less frequently
than the others.
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Conclusions: Thisis the first study to examine the factors related to integration of lifelog data from Samsung S-Health and
Apple Health appsinto EM R-tethered PHRs and factors related to the retrieval of medical documents from PHRs. Our findings
on the lifelog data integration can be used to design PHRs as a platform to integrate lifelog data in the future.

(JMIR Mhealth Uhealth 2019;7(5):€12691) doi:10.2196/12691

KEYWORDS

personal health record; patient generated health data; lifelog; electronic medical record; mobile phone

Introduction

The increase in the prevalence of preventable chronic diseases
has become an enormous problem worldwide in recent decades
[1,2]. Chronic diseasesimpose an immense societal and financial
burden [3,4]. Three of every five people with type 2 diabetes
develop complications such as stroke, heart disease, and eyesight
problems. Therate of avoidable hospitalization for hypertension,
whichisamajor risk factor for heart disease, hasincreased more
than 90% over the last 10 years [5]. The main reason for this
increase is that patients tend to neglect chronic conditions,
because most of these diseases are indolent during subclinical
stages. Therefore, it is important to manage chronic diseases
before they transition from the subclinical to the clinical phase

[6,7].

Personal health records (PHRs) have been considered an
effective tool to engage patients more actively in the
management of their chronic diseases [8-10]. However, most
provider-based PHRs have been unsuccessful in engaging
patients in their health care because most patients and health
care professionals have failed to obtain benefits from PHRs
[11,12]. The health-related information in PHRsisinconsi stent
and inaccurate because most administrative functionsin PHRs
are solely dependent on PHR users [13,14]. If users are not
interested in inputting information into PHRs, PHRs become
useless. Therefore, patient-generated health data (PGHD) are
crucial determinants of the success of PHRs, as doctors can
recommend or prescribe treatments based on PGHD in PHRs
[15,16]. PGHD are hedth-related data recorded, created, or
gathered by or from patients, caregivers, or family membersto
monitor and address a health concern [15]. PGHD generally
include health history, treatment history, biometric data,
symptoms, and lifestyle choices. From these data, biometric
and lifelog data can be collected via objective methods such as
wearables, smartphones, or smart devices.

http://mhealth.jmir.org/2019/5/€12691/

Seoul National University Bundang Hospital (SNUBH) has had
its own onsite electronic medical record (EMR) solution since
2003. It also started an EMR-tethered PHR system called
Health4U in June 2013, integrating PGHD such as daily steps,
deep patterns, weight, and blood pressure directly from
Samsung S-Health and Apple Health apps for the first time
beginning in November 2017, and was the first hospital in the
worldtodo so[14,17,18]. In particular, daily steps are recorded
automatically by the mere use of asmartphonein everyday life,
and the information can be streamed into Health4U without
much effort. Doctors and nurses can check patients’ daily
activities by merely monitoring those records. Health4U also
adopted medical document download functions for health
information exchange. This study explored the features of
EMR-tethered PHRs that can integrate S-Health and Apple
Health data and investigated factors related to the use pattern
of the lifelog integration and medical document download
functionsin Health4U.

Methods

Development Process

A task-force team (TFT) of 5 attending physicians, 3 nurses,
and 4 engineerswas formed to upgrade Health4U. In June 2017,
the TFT began conducting an analysis of a previous version of
Health4U, and for 6 months, they defined functions that should
be upgraded based on this analysis (Table 1).

Health4U isinstalled on a personal computer and mobile. The
overall system architecture is described in Figure 1. When a
user logs into Health4U, the server communicates through the
hospital information system (HIS) server attached to the HIS
database. All data streamed between the Health4U server and
the HIS app server are encrypted.
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Table 1. Important functionalities identified by the task-force team.

Domain Functions
Medical record View the medical history
Lab results Change the date standard from the reporting date to the order-issued date

Prescription history

Diagnosis history

Alarm setting for medication

Vaccination

Health notes

Medical info

Educational

Blue button

material

View health data

Login

Link to externa apps

Provide medication information (eg, drug image, usage, effect, and side effects)

View function for diagnosis history

Push natification for taking medicine/note whether to take a dose

View vaccination history (eg, for children and adults)

. Lifestyle data management for activity, weight, blood pressure, blood sugar test, sleep, and stress
o  Link to Samsung S-Health and Apple Health App data

Link to check the encyclopedia (medical information) of the famous web portal called NAVER
Provide education animation related to the patient’s diagnosis

«  Download and view the PDF of medical history
*  Transfer to Samsung S-Health in the form of C-CDA%file

View lifestyle data (eg, activity, weight, blood pressure, and sleep)/push the numerical criteriafor recommendation
Fingerprint login

Link to app for hospital webpage and BESTguide app

8C-CDA: Consolidated Clinical Document Architecture.

Figure 1. System architecture. HIS: hospital information system. WAS: web application server.

Health4U

Upgrade of the Previous Version of Health4U
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(Web/iOS/Android)

‘ User

Application
container
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Health4U Server HIS App. Server HIS Database

Web Services and Encryption HIS Task Logic HIS Task Table

The TFT concluded that the integration of PHRsinto EMR was
not enough to engage patients to manage their diseases, and

A previous version of Hedth4U was developed as an  PGHD integrationinto both PHRsand EMR can beakey feature
EMR-tethered PHR system based on the needsof usersandwas  that attracts users interest. Therefore, we added five new
composed of five parts: visit history, drug notification, functionsto the previousversion: tracking of diagnosis history;
prescription history, laboratory results, and management of a push notifications for taking medicine; integration of lifelog
self-administered component (called the Health Notes; Figure  dataincluding activity, blood pressure, blood sugar, sleep, and

2) [14].

stress; fingerprint login; and links to external apps such as an
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indoor navigation app called BESTguide and a cardiovascular
disease management app called Heart4U (Figure 3) [19].

In particular, the TFT designed a key function that integrated
lifelog data directly from Samsung S-Health and Apple Health
apps. This is the first instance worldwide of use these two
platforms as portals to collect lifelog data for EMR-tethered
PHRs (Figure 4). The TFT believed that patients no longer
needed to complete structured questionnaires such as the
International Physical Activity Questionnairefor tracking daily

Figure 2. The Heath4U app for personal computer and mobile phone.

Health &)

Jung et &

activities, and doctors could check patients' daily steps on the
dashboard without much effort if we were successful in
implementing the daily stepsintegration function. Additionally,
information in PHRs can be downloaded in PDF format or
directly integrated into the Samsung S-Heath app via the
Consolidated Clinical Document Architecture (C-CDA) file
(Figure 5). Furthermore, we devel oped a dashboard for doctors

to see patients' lifelog records to provide recommendations
based on their results (Figure 6).
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Figure 4. Direct integration of mobile and wearable data.
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Figure 6. Dashboard for doctors.
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Study Population

This study used cross-sectional data extracted from a clinical
data warehouse of SNUBH. The enrollees were selected from
asample of adultsaged 19 years and older, with prior experience
in accessing Health4U in the 7-month period after November
2017, when the service was upgraded. The study participants
were selected regardless of prior hospitalization to SNUBH and
did not receive any rewards from the research when they
downloaded and used the app. A total of 17,624 patients were
included in this study.

Activity tracking is important for managing chronic diseases.
Therefore, we planned to analyze dataon daily stepsintegration
asasurrogate marker of easily obtainable activity data, because
steps data are recorded whenever users carry their smartphones
or put on their wearables such as smart watches. If patients use
a Bluetooth-based scale, sphygmomanometer, or blood sugar
checker, the data generated by those devices can be integrated
into Health4U through Samsung S-Health and Apple Health
apps. Additionaly, patients manually input those data when
they see the results on their devices. Therefore, we planned to
analyze weight, blood pressure, and blood sugar datato explore
how patients integrate them into their daily lives. Finaly, we

http://mhealth.jmir.org/2019/5/€12691/
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planned to evaluate factors associated with the use patterns of
the PDF and C-CDA download functions because they can be
used to exchange health information via social media, and we
wanted to gauge patient interest in those functions.

All analyses were performed using Stata 14.0 (Stata Corp,
College Station, TX). A P value<.05 was considered significant.
The requirement of informed consent was waived because we
used anonymized the data. This research was approved by the
Institutional Review Board of Human Research of SNUBH.

Results

Principal Results

Among the 17,624 users of Health4U from November 2017 to
May 2018, 215 (1.22%) users integrated daily steps data, 175
(0.99%) users integrated weight data, 51 (0.29%) users
integrated blood sugar data, and 90 (0.51%) users integrated
blood pressure data. Overall, 61.95% (10,919/17,624) had one
or more chronic diseases. For the function of retrieving medical
documentation, 324 (1.84%) users downloaded PDF files and
31 (0.18%) patients integrated their medical records into
Samsung S-Health via the C-CDA download function (Table
2).
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Table 2. Baseline characteristics (N=17,624).

Jung et a

Variable n (%)
Age (years)

19-40 3848 (21.83)

41-60 7043 (39.96)

60-80 5710 (32.40)

>80 1023 (5.80)
Gender

Male 9142 (51.87)

Female 8482 (48.13)
Having a spouse

Yes 11,713 (79.00)

No 3113 (21.00)
Educational level

Elementary school and lower 1497 (10.22)

Middle school degree 1249 (8.53)

High school degree 4364 (29.79)

College degree and higher 7539 (51.46)
Occupation

Blue collar 1853 (12.49)

White collar 4522 (30.48)

Student 405 (2.73)

Other jobs 4605 (31.04)

No job 3449 (23.25)
Patient type

New 1173 (6.66)

Returning 16,451 (93.34)
Number of chronic diseases®

0 6705 (38.04)

1 4112 (23.33)

2 2534 (14.38)

3 1496 (8.49)

4 989 (5.61)

>5 1788 (10.15)
Hypertension

Yes 2562 (14.54)

No 15,062 (85.46)
Diabetes mellitus

Yes 2267 (12.86)

No 15,357 (87.14)
Dyslipidemia

Yes 1843 (10.46)

No 15,781 (89.54)

http://mhealth.jmir.org/2019/5/€12691/

RenderX

JIMIR Mhedlth Uhedlth 2019 | vol. 7 | iss. 5 612691 | p.96

(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Jung et a

Variable n (%)
Cancer

Yes 5948 (33.75)

No 11,676 (66.25)
Prior hospitalization to SNUBHP

Yes 14,834 (84.17)

No 2790 (15.83)
Departments

Cancer center 2066 (11.72)

Internal medicine or family medicine 4074 (23.12)

Neurovascular center 1566 (8.89)

Surgery 2491 (14.13)

Other departments 7427 (42.14)
Daily stepsintegration

Yes 215 (1.22)

No 17,409 (98.78)
Weight integration

Yes 175 (0.99)

No 17,449 (99.01)
Blood sugar integration

Yes 51 (0.29)

No 17,573 (99.71)
Blood pressureintegration

Yes 90 (0.51)

No 17,534 (99.49)
PDF download

Users 324 (1.84)

Nonusers 17,300 (98.16)
C-CDAF® download

Users 31(0.18)

Nonusers 17,593 (99.82)

8Chronic diseases include diabetes mellitus, dyslipidemia, hypertension, and any type of cancer.

BSNUBH: Seoul National University Bundang Hospital .
¢C-CDA: Consolidated Clinical Document Architecture

For platforms integrating daily steps, 104 patients used the
Apple Health app (HealthKit), 93 patients used the Samsung
S-Hedlth app (S-Health), and 18 patients entered data by
themselves. For integrating weight, blood sugar, and blood
pressure data, participants more often input datamanually than
in other ways (Table 3).

Table 4 showsthetrends of patients' recordingsin each quarter,
who integrated lifelog data into Health4U. After the upgraded
version of Health4U waslaunched in the fourth quarter of 2017,

http://mhealth.jmir.org/2019/5/€12691/

daily steps data were integrated into Health4U from Samsung
S-Health and Apple Health apps.

We hypothesized that the rate of lifelog integration into PHRs
and the use of the PDF or C-CDA download functions depend
on a user's age, gender, educational level, occupation, and
number of chronic diseases. These variables were included as
covariatesfor multivariablelogistic regression, and additionally,
two other variables (having a spouse and department visited)
were included to adjust for other influential factors.
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Table 3. Platformsfor integrating daily steps, weight, blood sugar, and blood pressure data.

Variable n (%)
Daily stepsintegration (n=215)
Samsung S-Health 93 (43.3)
Apple Health 104 (48.3)
Manual input 18(8.4)
Weight integration (n=175)
Samsung S-Health 23(13.1)
Apple Health 4(2.3)
Manual input 148 (84.6)
Blood sugar integration (n=51)
Samsung S-Health 4(8)
Apple Health 4(8)
Manual input 43 (84)
Blood pressureintegration (n=90)
Samsung S-Health 10 (112)
Apple Hedlth 18 (20)
Manual input 62 (69)

Table 4. Number of patient recordings from the third quarter of 2017 to the second quarter of 2018. The upgraded version of Health4U was launched
in the fourth quarter of 2017.

Variable n (%)
Weight integration (n=457)
Third quarter of 2017 110 (24.0)
Fourth quarter of 2017 91 (19.9)
First quarter of 2018 121 (26.5)
Second quarter of 2018 135 (29.6)

Blood pressure integration (n=230)

Third quarter of 2017 58 (25.2)
Fourth quarter of 2017 58 (25.2)
First quarter of 2018 46 (20.0)
Second quarter of 2018 68 (29.6)
Blood sugar integration (n=164)
Third quarter of 2017 30 (18.3)
Fourth quarter of 2017 44 (26.8)
First quarter of 2018 40 (24.4)
Second quarter of 2018 50 (30.5)

Daily stepsintegration (n=370)

Third quarter of 2017 0(0)
Fourth quarter of 2017 69 (18.6)
First quarter of 2018 135 (36.5)
Second quarter of 2018 166 (44.9)
http://mhealth.jmir.org/2019/5/€12691/ JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 |€12691 | p.98
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Analysisof theLifelog Data Integration Traits

The age group of =60 years used the daily steps sync function
less often than the reference group. Women used the function
70% less often than men, and the difference was statistically
significant (P<.01). Educational level, occupation, patient type,
number of chronic diseases, and department did not influence
the userate (Table 5).

Analysisof the Traits Related to M edical Information
Download

Wefound aconsistent increase in the odds ratios for the number
of chronic diseases related to the PDF download function. The
age groups of >60 years and >80 years had alower tendency to
use this function. Patients without a spouse used the function
61% more often than those with aspouse. White-collar workers
tended to use the function 60% more often than blue-collar

http://mhealth.jmir.org/2019/5/€12691/
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workers. Userswith a college degree and higher education used
the function 2.3 times more often than users who finished
elementary school only (Table 6).

In contrast, we could not identify any factors that were
significantly associated with the use of the C-CDA download
function (Table 7).

We also analyzed the association of daily steps sync function
with download functions (PDF and C-CDA) and lifelog
integration functions (blood pressure, blood sugar, and weight).
We found that daily steps sync was strongly related with the
other functions (Table 8). Users of the PDF download, C-CDA
integration, blood sugar integration, blood pressure integration,
and weight integration functions synced their daily steps 7.8
times, 18.76 times, 18.66 times, 4.68 times, and 41.31 times
more, respectively, than users who did not use these functions.
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Table 5. Multivariable analysis of the factors associated with daily steps synced with Health4U.

Variable Adjusted oddsratio P value
Age (years)

19-40 1

41-60 0.75 .30

60-80 0.39 .01

>80 N/A2 N/A
Gender

Male 1

Female 0.30 <.001

Having a spouse

Yes 1

No 0.92 .78
Educational level

Elementary school and lower 1

Middle school degree N/A N/A

High school degree 4.05 .18

College degree and higher 5.40 10
Occupation

Blue collar 1

White collar 2.19 .03

Student 257 A5

Other jobs 191 14

Nojob 1.42 43
Patient type

New 1

Returning 1.32 .59

Number of chronic diseases”

0 1

1 1.39 .23
2 1.37 .36
3 2.16 .03
4 1.88 15
=5 173 19

Departments

Other departments 1

Cancer center 0.76 46
Internal medicine or family medicine 0.88 .61
Neurovascular center 0.85 .67
Surgery 1.40 .24

3N/A: not applicable.
bChronic diseases include diabetes mellitus, dydlipidemia, hypertension, and any type of cancer.
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Table 6. Multivariable analysis of the factors associated with the use of the PDF download function in the Health4U app.

Variable Adjusted oddsratio P value
Age (years)

19-40 1

41-60 0.75 15

60-80 041 .001

>80 0.21 .006
Gender

Mae 1

Female 0.8 a7

Having a spouse
Yes 1
No 161 .009

Educational level

Elementary school and lower 1

Middle school degree 0.67 49

High school degree 1.46 37

College degree and higher 231 .046
Occupation

Blue collar 1

White collar 1.60 .049

Student 225 .06

Other jobs 1.07 .80

Nojob 0.71 .26
Patient type

New 1

Returning 0.79 A1

Number of chronic diseases®

0 1

1 353 <.001
2 4.18 <.001
3 4.26 <.001
4 4.45 <.001
=5 6.25 <.001

Departments

Other departments 1

Cancer center 0.77 .29
Internal medicine or family medicine 0.78 17
Neurovascular center 0.79 40
Surgery 0.75 .24

@Chronic diseases include diabetes mellitus, dyslipidemia, hypertension, and any type of cancer.
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Table 7. Multivariable analysis of the factors associated with the use of the Consolidated Clinical Document Architecture integration function in the

Samsung S-Health app.
Variable Adjusted oddsratio P value
Age (years)
19-40 1
41-60 3.00 17
60-80 1.89 .50
=80 N/A2 N/A
Gender
Male 1
Female 0.59 .33

Having a spouse
Yes 1
No 225 14

Educational level

Elementary school and lower 1

Middle school degree 0.47 48

High school degree 0.78 45

College degree and higher N/A N/A
Occupation

Blue collar 1

White collar 0.89 .85

Student 248 .50

Other jobs 0.91 .90

No job 0.40 30
Patient type

New 1

Returning 112 91

Number of chronic diseases’

0 1
1 1.09 14
2 1.04 .05
3 1.23 .25
4 1.82 .70
>5 1.96 .88
Departments
Other departments 1
Cancer center 0.69 .63
Internal medicine or family medicine 1.26 .64
Neurovascular center 0.44 44
Surgery 0.31 27
&N/A: not applicable.
BChronic diseases include diabetes mellitus, dyslipidemia, hypertension, and any type of cancer.
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Table8. Multivariable analysis of the association of daily step sync function with other functions. In this analysis, the outcome variable was daily steps

synced.

Variable Adjusted oddsratio P value
Age (years)

19-40 1

41-60 0.62 A2

60-80 0.16 <.001

=80 N/A2 N/A
Gender

Male 1

Female 0.36 .001
Having a spouse

Yes 1

No 0.67 .27
Educational level

Elementary school and lower 1

Middle school degree N/A N/A

High school degree 4.79 22

College degree and higher 7.45 A2
Occupation

Blue collar 1

White collar 207 .097

Student 2.52 .24

Other jobs 1.93 .20

Nojob 158 43
Patient type

New 1

Returning 141 .59
Departments

Other departments 1

Cancer center 0.68 37

Internal medicine or family medicine 0.64 .18

Neurovascular center 051 .18

Surgery 0.87 68
PDF download

No 1

Yes 7.80 <.001
C-CDAP download

No 1

Yes 18.76 <.001
Blood pressureintegration

No 1

Yes 18.66 <.001
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Variable

Adjusted oddsratio P value

Blood sugar integration
No
Yes

Weigh integration
No

Yes

1

4.68 .02

1

41.31 <.001

8N/A: not applicable.
bC-CDA: Consolidated Clinical Document Architecture

Discussion

Overview

To the best of our knowledge, this is be the first study to link
mobile phone-based health care platforms such as Samsung
S-Health and Apple Health to EMR-tethered PHRs to collect
lifelog data. We hypothesized that there can be large hurdles
despite our efforts to integrate lifelog data directly into PHRs
from the Samsung S-Health and Apple Health apps. We also
hypothesized that the adoption rate of new functions, such as
lifelog integration and medical document downloads, depends
on a user's age, gender, occupation, educational status, and
number of chronic conditions. We analyzed the results of daily
steps integration as a representative marker of lifelog data
because it can be generated easily from wearables and
smartphones and integrated effortlessly into PHRs.

We found that the use rate of lifelog integration is very low,
given the total number of registered users during the study
period: 1.22% for daily steps, 0.99% for weight, 0.29% for
blood sugar, and 0.51% for blood pressure (Table 2). However,
we aready presented a hypothesis based on the results of
previous research that the use rate of the self-administration
functionin EM R-tethered PHRs can belowered if patients have
difficultiesinputting datainto PHRs[14]. A previous study also
revealed that the successful adoption of PHRs depends on the
patient-clinician relationship and the promotion of the
technology to physicians [8]. If we promote the use of
self-administered functionsthat can be integrated automatically
from smartphones among patients, the results might be different.
Although the use rate for lifelog integration was low, we found
interesting results. Patients who integrated daily steps used the
Samsung S-Hedlth and Apple Hedth apps more than the
self-administration function. Compared to daily steps
integration, weight, blood sugar, and blood pressure data were
integrated by patients who input their data manualy. If users
are registered to access their PHRs and launch the Health4U
app, dataon their daily stepsare automatically transferred from
their smartphones to Health4U, thus making it unnecessary for
usersto remember to integrate their activity datainto Health4U.
We concluded that the difference between the integration of
daily steps and that of other lifelog data is attributable to the
different methods by which patient data are collected in PHRs.
We proved in a previous study that health outcomes can be
improved if weintegrate lifelog datainto EM R-tethered PHRs
in order to enable doctors to provide recommendations based

http://mhealth.jmir.org/2019/5/€12691/

on shared lifelog records [16]. However, we also found that
patients usually do not want to put on wearables, such as smart
watches, for long periods of time. Therefore, collecting activity
data from only smartphones and adjusting these data with
possible real-world activity data can be a good option for
patients and health care professionals to obtain continuous
activity data.

We also found that daily steps integration was associated with
gender and the age group of =60 years. Women and people aged
>60 years were less likely to integrate their daily steps data.
These results are similar to those of previous studies. Jung et
a [14] found that women are less likely than men to use
self-administered functionsin EM R-tethered PHRs[14]. Studies
found that men were more likely to consider computer use
enjoyable, be confident about using the internet and PHRs, and
be engaged users of PHRs as compared to women [20,21]. We
were unable to find consistent results for age groups with
statistical significance, but the odds ratios were consistently
decreased when patient groups were older: The group of adults
aged =60 yearswas 61% lesslikely to integrate daily steps data
into PHRs. To integrate daily stepsinto the Health4U app from
the Samsung S-Health or Apple Health app, users must launch
the S-Health or Apple Health app at least once. It is possible
that the elderly are not interested in health-related functions
installed on their smartphones. As shown above, daily stepscan
be integrated more easily from the S-Health and Apple Health
apps than from self-administration; the age barrier for lifelog
integration can be addressed by encouraging patients to use
health-related preinstalled apps on their smartphones.

Finally, we found that the more chronic diseases a patient has,
the more frequently the patient usesthe PDF download function.
To our knowledge, thisis the first study to show that the PDF
download function for medical information in EMR-tethered
PHRsis associated with the number of chronic conditions. This
finding suggests that patients with multiple chronic diseases
want to maintain their medical records independently. In 2015,
the Office of the National Coordinator for Health IT issued a
paper [22] wherein they proposed that future PHRs should be
based on HIE because a PHR tethered to a single institution is
not sufficient for managing diseases, as patients usually visit
multiple hospitals and institutions. Another study showed that
willingnessto enroll in PHRs was associated with the presence
of doctor-diagnosed chronic diseases [23]. One other study
found that HIE can decrease the number of future encounters
and future readmissions among patients with chronic diseases
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[24]. Our findings, in conjunction with the results of these
previous studies, suggest that patients with multiple chronic
diseases are already aware of the importance of the HIE and
PHR functions for multiple chronic conditions, and these
functions may help improve health outcomes, if implemented
appropriately. For example, patients may become interested in
systemically summarized notes about their chronic health
conditions.

Participants in the age groups of >60 years and >80 years had
alower tendency to use the PDF download function. The result
of the lower use rate among these older age groups is similar
tothat of thelower userate of daily stepsintegration, indicating
that older age can be ahurdleto using advanced PHR functions.
A previous study revealed that usability concerns are barriers
to PHR adoption and use [25]. Other research proved that older
people are likely to have lower literacy for new technology
compared to younger people [26]. Therefore, to increase the
use rate of lifelog integration functions, we must consider
usability and technology literacy issues. White-collar workers
tend to use the function 60% more often than blue-collar
workers. White-collar workers today primarily perform their
jobson computers and portable devices[27], which may account
for the difference in these use rates. Users with college degrees
and higher education used the function 2.3 times more often
than users who finished only elementary school. Use rates may
also be related to technology literacy issues. To promote the
use of PHR functions for HIE, we must consider the use of
advertisementstargeted toward groupswith different educational
levels and occupational backgrounds.

Jung et a

Limitations

This research is a single-center retrospective cross-sectional
study, which makes it difficult to identify causal relationships,
and the study lacks accurate information on improvement in
the health outcomes of PHR users who integrated lifelog data.
However, this study found characteristics of users related to
lifelog integration and medication documentation downloads.
Based on these findings, future studies can be performed
effectively.

There are limitations to generalizing the results of this study
because it involved only one tertiary hospita and the
participation rate was low. However, because this study focused
on the use of novel functions implemented in EMR-tethered
PHRs at a large hospital, the results will serve as an important
background for medical institutionsintending to develop similar
featuresor for national agencies planning to devel op HIE-based
PHRs.

Conclusions

Thisisthefirst study to identify factorsrelated to the integration
of daily steps from Samsung S-Health and Apple Health apps
into EM R-tethered PHRs and the factorsrel ated to the retrieval
function of medical documents from PHRs. The finding that
patients with more chronic diseases tend to download their
medical information more frequently can serve as the basis for
enhancement of the features of an EMR-tethered PHR system
for HIE. Additionally, findings on lifelog data integration can
be used to design PHRs as a platform to integrate lifelog data
in the future.
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Abstract

Background: Singapore's current prevalence of diabetes exceeds 13.6%. Although lifestyle modification can be effective for
reducing the risks for complications of type 2 diabetes mellitus (T2DM), traditional lifestyle interventions are often difficult to
administer in the primary care setting due to limited resources. Mobile health apps can address these limitations by offering
low-cost, adaptable, and accessible platforms for disseminating lifestyle management interventions.

Objective: Usingthe RE-AIM evaluation framework, this study assessed the potential effectiveness and feasibility of GlycoL eap,
amobile lifestyle management program for people with T2DM, as an add-on to standard care.

Methods: Thissingle-arm feasibility study recruited 100 patientswith T2DM and glycated hemoglobin (HbA ) levelsof 27.5%
from a single community health care facility in Singapore. All participants were given access to a 6-month mobile lifestyle
management program, GlycoLeap, comprising online lessons and the Glyco mobile phone app with a health coaching feature.
The GlycoLeap program was evaluated using 4 relevant dimensions of the RE-AIM framework: (1) reach (percentage who
consented to participate out of all patients approached), (2) effectiveness (percentage point change in HbA ;. [primary outcome]
and weight loss [secondary outcome]), (3) implementation (program engagement as assessed by various participatory metrics),
and (4) maintenance (postintervention user satisfaction surveys to predict the sustainability of Glycol eap). Participants were
assessed at baseline and at follow-up (=12 weeks after starting the intervention).

Results. A total of 785 patients were approached of whom 104 consented to participate, placing the reach at 13.2%. Four were
excluded after eligibility screening, and 100 patients were recruited. Program engagement (implementation) started out high but
decreased with time for all evaluated components. Self-reported survey data suggest that participants monitored their blood
glucose on more days in the past week at follow-up compared to baseline (P<.001) and reported positive changes to their diet
dueto app engagement (P<.001) (implementation). Primary outcome datawere available for 83 participants. Statistically significant
improvements were observed for HbA ;. (—1.3 percentage points, P<.001) with greater improvements for those who logged their
weight more often (P=.007) (effectiveness). Participants also had a 2.3% reduction in baseline weight (P<.001) (effectiveness).
User satisfaction was high with 74% (59/80) and 79% (63/80) of participants rating the app good or very good and claiming that
they would probably or definitely recommend the app to others, respectively (maintenance).

Conclusions: Although measures of program engagement decreased with time, clinically significant improvementsin HbA ;.

were achieved with the potential for broader implementation. However, we cannot rule out that these improvements were due to
factors unrelated to GlycoL eap. Therefore, we would recommend eval uating the effectiveness and cost effectiveness of Glycol eap
using arandomized controlled trial of at least 12 months.
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Introduction

Methods

Background

The worl dwide prevalence of diabetes has almost doubled over
the past three decades and continues to rise [1]. Singapore's
current prevalence of diabetes exceeds 13.6% [ 2], and forecasts
predict that without successful interventions, the lifetime risk
of developing type 2 diabetes mellitus (T2DM) in Singapore
will be 1in 2 by 2050 [3].

Lifestyle modification can be highly effective at reducing the
risks for complications of T2DM [4], yet traditiona lifestyle
interventions are often difficult to administer in the primary
care setting due to limited resources and infrequent patient
interaction with health care personnel. Mobile health (mHealth)
apps can address these limitations by offering low-cost, highly
adaptable, and easily accessible platforms for disseminating
lifestyle management interventions. Effective T2DM apps stress
skill building; self-efficacy; and frequent monitoring of blood
glucose levels, weight, dietary intake, and physical activity
[5-9]. Severd diabetes management mHealth interventions also
provide participants with some level of personaized
communication with health professionals, including real-time
feedback [10-16].

Given the rising health and cost implications of diabetes in
Singapore, acomprehensive program that incorporates the most
effective mHealth strategies and personalized health coaching
offers a potentially scalable model to address Singapore's
diabetes epidemic. One potential program is Glycoleap
(Holmusk), a proprietary lifestyle management program for
adults with T2DM. The GlycoLeap program, which was
originaly developed for use in Singapore, comprises two
components. a comprehensive T2DM educational curriculum
delivered through online lessons and the Glyco mobile phone
app with ahealth coaching feature. The Glyco app enables users
to log and monitor their blood glucose levels, weight, meals,
and physical activity, which is captured via the mobile phone's
built-in pedometer. The app aso serves as a vehicle for
accredited dietitians, known as health coaches, to provide
personalized feedback to participants on their progress and to
present opportunities for improvement.

Goal of the Study

The goal of this study was to assess the potential effectiveness
and feasibility of the GlycolLeap program as an add-on to
standard care using the RE-AIM evaluation framework [17,18].
If results are promising, a 2-arm randomized controlled trial
aimed to test effectiveness and cost effectiveness will be
recommended.

http://mhealth.jmir.org/2019/5/€12965/

Research Design

This effort consisted of a 6-month (24-week), single-arm,
preintervention (baseline) and follow-up evaluation. One
hundred participants were recruited by a research coordinator
from a single community health care facility, SingHealth
Polyclinics-Tampines, in Singapore. All participants signed an
informed consent to participate in a baseline and follow-up
assessment that was conducted at least 12 weeks after starting
the intervention and to allow for medical records abstraction.
At the basdline assessment, participants compl eted abrief survey
(Multimedia Appendix 1) that captured demographic
information, diabetes status, and self-care activity information
(from the Summary of Diabetes Self-Care Activitiesscale[19]).
At the follow-up, participants completed a survey (Multimedia
Appendix 2) that captured self-reported changes in diabetes
self-care [19], dietary consumption, physical activity, program
engagement, and user satisfaction. Glycated hemoglobin
(hemoglobin A, or HbA,,) levels, medications, and weight
were measured or obtained from medical records at baseline
and follow-up.

Participants were eligible to participate if they (1) were aged
21 to 70 years, (2) had been medically diagnosed with T2DM
aslisted in electronic health records, (3) had an HbA ;. result of
27.5% within the past 2 months, (4) had a body mass index
(BMI) of >23 kg/m?, (5) were not on insulin, and (6) owned
and were able to use an iPhone or Android mobile phone.
Participants were excluded if they (1) had cancer requiring
treatment in the past 5 years, (2) had cardiovascular diseases
(heart attack or cardiac procedure within the past 3 months),
(3) had stroke or history of treatment for transient ischemic
attacks in the past 3 months, (4) had chronic renal failure or
were on dialysis, (5) had any amputation of lower limbs, (6)
wereusing medication for weight loss, (7) had chronic treatment
with systemic corticosteroids, (8) had bariatric surgery or
extensive bowel resection, (9) were unable to converse in or
read and write English, or (10) did not have avalid HbA ;. blood
test within the 2 months prior to the date of recruitment. Each
participant was compensated SGD20 (approximately US $15)
in vouchers at study completion. All study procedures were
approved by the SingHealth Centralized Institutional Review
Board (CIRB Ref: 2017/2013) and the study is registered at
Clinical Trials.gov [NCT03091517].

I ntervention Program

All €eligible participants received 24 weeks of free, unlimited
access to the Glycol eap program. Participants downl oaded the
Glyco app onto their mobile phones upon recruitment. An
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Accu-Chek Performa (F. Hoffmann-LaRoche Ltd) glucometer
kit with lancets and test strips, a BodyTrace (BodyTrace Inc)
wireless weighing scale, and a resistance band for strength
training were provided at no cost to participants. Although the
recommendation to switch glucometers may have been an
inconvenience, this was not raised as a concern by any of the
participants. Participants were also given printed instruction

Koot et al

guides on operating the Glyco app and devices and two
guidebooks educating them on how to make healthier food
choices and achieve weight loss. Table 1 describes key
components of the GlycoL eap program and the recommended
frequencies of engagement. Screenshots illustrating the Glyco
app user interface are presented in Multimedia Appendices 3-7.

Table 1. Description of GlycoL eap program components and recommendations for engagement.

Component

Description

Recommended frequency

Online health |essons on diabetes
and self-management

Blood glucose monitoring

Weight monitoring

Meal logging

Physical activity tracking

Health coach

A total of 24 educational lessons on diabetes and self-management were
delivered online. This curriculum was adapted for the local population
and coverstopicsthat take reference from the 7 healthy self-care behaviors
as described by the American Association of Diabetes Educators. Quizzes
tested knowledge on diabetes, obtained information about participants’
lifestyle habits, and were designed to keep participants engaged throughout
each lesson.

Blood glucose measurements obtained using the Accu-Chek Performa
glucometer kit were input manually by participantsinto their Glyco app
accounts.

Wireless weighing scal e readings were automatically synced to partici-
pants' accounts via cellular connectivity (3G).

Meal photos taken by participants were uploaded onto the app for health
coach evaluation. Health coaches rate mealsusing a1 to 5 linear scale.
Meal scores are awarded based on the balance of nutrients, food quality,
and nutritional content. The meal scorestake reference from the Singapore
Health Promotion Board's national dietary guidelines.

The Glyco app tracksthe number of daily stepstaken using the participants
built-in phone pedometers.

Health coaches rate and respond to all meal logs and regularly send mes-
sages to participants to provide recommendations, encouragement, and
personalized feedback on progress and answer participants’ questions
(Multimedia Appendices 6 and 7). Correspondence is 2-way and partici-
pants are free to initiate or respond to messages from their health coach.
All correspondenceis conducted in-app, and all participantsreceive health
coaching regardless of whether they send any messagesto their health
coach. Coaches capitalize on modalities that have been shown to lead to
effective behavior change[20,21], including several theoretical frameworks

Complete one lesson (lasting about
15 minutes) per week

At least 4 blood glucose logs per
week (preferably paired pre- and
postmeal readings)

At least one weight log per week
No recommendation was provided.

Parti cipants were encouraged to log
as often as they wanted to.

70,000 steps per week

No recommendation was provided.
Parti cipants were encouraged to en-
gage as often as they wanted to.

[22-25], and are trained in the nutrition care process [26].

Program Evaluation

The GlycoLeap program was evaluated using relevant
dimensions of the RE-AIM framework [17,18].

Reach

A proxy for Reach was used and defined as the percentage of
those who gave informed consent to participate out of all
patients approached.

Effectiveness

Asthiswasafeasibility study without acontrol group, measures
of potential effectiveness were assessed as changes in HbA
levels (primary outcome) and weight (secondary outcome)
between baseline and the follow-up. The analysis was conducted
separately on the total sample with baseline values carried
forward for those with missing data a follow-up
(intention-to-treat [I TT] analysis) and on those who completed
the study and did not initiate insulin (per-protocol analysis). All
HbA . tests were conducted using the polyclinic’s protocols
and approved laboratories, and weight was measured using

http://mhealth.jmir.org/2019/5/€12965/

validated weighing scales at the polyclinic. The window for
eligible tests was defined as within 2 months before the
scheduled baseline assessment and from 12 weeksto amaximum
of 38 weeks after the intervention start date for the follow-up.
In addition to the above indicators of potential effectiveness,
the association between changes in health outcomes and
measures of program engagement (as defined in the
Implementation section) were evaluated using the per-protocol
approach with the expectation that participants with greater
levels of program engagement will show grester improvements
in health outcomes.

Adoption

Adoption tends to focus more on system level factors and was
not captured as part of this feasibility study.

I mplementation

Implementation was assessed on the total sample by exploring
engagement with key components of the GlycoL eap program
as shown in Table 1. This includes the following process
measures. (1) number of online health lessons completed, (2)
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number of blood glucose measurements logged per week, (3)
number of weight measurements logged per week, (4) number
of meal logs per week, and (5) number of messages sent by
participants to health coaches per week. We did not evaluate
results from the physical activity component because it would
be an inaccurate reflection of activity given that participants
were not expected to carry their mobile phones with them
throughout the day and when exercising. We present the
percentage of participants that engaged with the components
over the intervention period. Self-reported changes in diabetes
self-care activities and changes in lifestyle-related behaviors
such as measures of dietary consumption and physical activity
were assessed from survey responses. See Multimedia
Appendices 1 and 2 for the baseline and follow-up surveys,
respectively, which include the full list of self-reported
measures.

Maintenance

Within-trial maintenance is included in the Implementation
domain. Here, we assess sustainability at the setting level by
exploring user satisfaction at follow-up (Multimedia Appendix
2) including ease of use, perceived value of each program
component, an overal rating of the program, and whether or
not participants would recommend the app to others. The idea
isthat the program has little chance of broader sustainability if
it performs poorly in these measures.

Sample Size and Statistical Analysis

Power calculations were not performed because this was a
feasibility study. The target sample size of 100 was selected
taking into consideration the aims of the study (testing
acceptability and potential for effectiveness rather than efficacy)
and practical feasibility. Studies on diabetes self-management
mobile app interventions often involved a sample size of less
than 100, including controlled trials [8,27].

Paired or one-sample t tests were conducted to assess for
differences in means in HbA,; and weight outcomes from
baseline to follow-up. Associations between changes in health
outcomes and measures of program engagement were assessed
using linear regression, controlling for baseline health outcomes
and for age, gender, and ethnicity. For all program engagement
explanatory variables, participants were categorized into more

http://mhealth.jmir.org/2019/5/€12965/
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engaged usersif their total number of logs, messages, or lessons
completed were above the median. Conversely, participants
were categorized into less engaged users if their total number
of logs, messages, or lessons completed were equal to or below
the median. Analyseswere performed on StatalMP version 14.0
(StataCorp LLC) and R version 3.5.1 (The R Foundation).

Results

Reach and Sample Statistics

Between June and November 2017, atotal of 785 SingHealth
Polyclinics—Tampines patients were approached by the research
coordinator. Of these patients, 681 declined to participate or
weredeemed ingligible based on a prescreen assessment, placing
the Reach at 13.2% (Figure 1). Although we did not record the
reasons for prescreen failures, anecdotal information from the
research coordinator suggeststhat the majority of patientswere
willing to participate but were assessed to be ineligible during
prescreening due to insulin treatment, English illiteracy, or did
not own a mobile phone. A total of 100 participants were
recruited and all were given access to the 24-week Glycol eap
program.

The average age of participants was 54 years old, and 50 were
male. Of the 100 participants, 45 were Chinese, 29 were Malay,
18 were Indian, and 8 were of other ethnicity. Sixty-one
participants had high school -equivalent or lower education, and
69 were employed. At baseline, the mean HbA . and weight
were 8.8% and 79.7 kg, respectively. On average, participants
were diagnosed with T2DM 9.3 years ago. Other baseline
characteristics can be found in Table 2.

Thirteen of the 100 participants withdrew from the study, either
due to insulin initiation or free will (Figure 1). Of the 87 that
reached follow-up, 4 were excluded from the per-protocol
analysis as they either did not take a follow-up HbA . test or
took their test outside the window (Figure 1). No statistically
significant differences were found in baseline characteristics
between the total sample (n=100, included in ITT analysis) and
the completes (n=83, included in per-protocol analysis) (Table
2). Eighty of the 100 participants completed the follow-up
survey.
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Figure 1. Participant recruitment and retention Consolidated Standards of Reporting Trials flow diagram.
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Table 2. Baseline characteristics of participantsin the single-arm GlycoL eap feasibility study.

Characteristics Total (n=100) Completes (n=83) P vaue
Age (years), mean (SD) 53.5(9.6) 53.5(9.7) .98
Male, n (%) 50 (50) 44 (53) 67
Weight (kg), mean (SD) 79.7 (16.8) 79.2 (15.6) 87
Height (cm), mean (SD) 163.1 (8.9) 163.5 (9.3) 75
Body mass index (kg/mz), mean (SD) 29.8(5.0) 295 (4.6) 68
Systolic blood pressure (mm Hg), mean (SD) 132.1(11.6) 132.5(11.8) .83
Diastolic blood pressure (mm Hg), mean (SD) 74.7 (10.6) 74.9 (10.5) .88
HbA 1.2 (%), mean (SD) 8.8(1.6) 8.9(17) 96
Years diagnosed with diabetes, mean (SD) 9.3(7.3) 8.8 (6.3) .56
On oral medication for diabetes treatment, n (%) 98 (98) 81 (98) .85
Ethnicity, n (%) .86
Chinese 45 (45) 38 (46) —
Malay 29 (29) 22 (27) —
Indian 18 (18) 15(18) —
Other 8(8) 8(10) —
Highest completed education level, n (%) 71
High school or lower 61 (61) 49 (59) —
Precollege (A-levels/polytechnic diploma) 21(21) 17 (20) —
College graduate/postgraduate 18 (18) 17 (20) —
Current marital status, n (%) >.99
Never married 12 (12) 10 (12) —
Married 82(82) 68 (82) —
Other 6(6) 5(6) —
Monthly household income, n (%) .58
Less than SGD 5000 10 (10) 6(7) —
SGD 5000-SGD 9999 2(2 2(2 —
>SGD 10,000 1(D) 1(1) —
Prefer not to say 87 (87) 74 (89) —
Employment status, n (%) .78
Working (full-/part-time) 69 (69) 59 (71) —
Homemaker® 22(22) 17 (20) —
Retired and not working® 9(9 7(8) -

3HbA ¢ glycated hemoglobin.

BIndividuals who are full-time housekeepers, regardless of prior employment status.
CIndividuals who were previously employed until retirement and are typically past retirement age.

Implementation (Program Engagement)

Generally high participant engagement was observed for all
componentsin thefirst week which then decreased progressively
over time. Trends in program engagement for the total sample
(n=100) are shown in Figure 2. At the end of the 24-week
program, athird of the participants (33/100, 33.0%) completed
at least one online heath lesson. On average, participants

http://mhealth.jmir.org/2019/5/€12965/

RenderX

finished 9.2 lessons. Throughout the intervention period, fewer
than 20 participants logged their blood glucose measurements
at least 4 times a week yet more than 25 participants logged
their weight measurements at least once a week, which were
the recommendations. On average, participantsentered 2.1 meal
logsand sent 2.8 messagesto their health coach each week. The
mean, median, minimum, and maximum total number of
messages sent by participantsto their health coaches throughout
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the 24-week program were 66.9, 8.5, 0, and 799, respectively.
For total number of messages sent by heath coaches to
participants throughout the entire study period, the mean,
median, minimum, and maximum were 234.9, 69, 16, and 2754,
respectively.

In total, two of the 100 participants did not engage with any of
the 5 evaluated components, and 14 engaged with at |east one
component every week throughout the intervention period.
Thirteen participants engaged with the same component(s) every
week throughout the intervention period: health lessons (2
participants), blood glucose monitoring (3 participants), weight
monitoring (6 participants), meal logging (7 participants), and
health coach messaging (5 participants).

Self-reported changesin diabetes self-care activitiesand lifestyle
behaviors at follow-up from baseline are show in Table 3 for
the 80 participants who completed the follow-up survey.
Participants reported monitoring their blood glucose on more

Koot et al

days in the week before the follow-up assessment compared to
the week before starting the intervention (2.3 days [95% CI
1.9-2.7] vs 0.6 days [95% CI 0.2-1.0], P<.001). Similarly, 68
out of 80 participants (85%, P<.001) declared positive changes
in diet dueto app engagement. On average, participants reported
consuming the recommended servings of fruit and vegetables
on moredaysin the past week at follow-up compared to baseline
(3.7 days [95% CI 3.1-4.2] vs 1.3 days [95% CI 0.8-1.8],
P<.001) and high fat food on fewer days (1.6 days [95% ClI
1.2-2.0] vs 2.3 days [95% CI 1.9-2.7], P=.003). Although 30
out of 80 participants (38%) claimed to have increased their
weekly average level of moderate-to-vigorous physical activity
due to app engagement, there was no statistically significant
difference in the number of days where participants reported
performing at least 30 minutes of continuous activity in the past
week at follow-up compared to baseline (3.9 days [95% CI
3.4-4.4] vs 3.4 days [95% CI 2.7-4.0], P=.14).

Figure 2. Proportion of program engagement by week for the total sample (n=100). Percentage of participants who (A) completed at least one lesson,
(B) logged 1, 2, 3, or =4 glucose measurements, (C) logged at least one weight log, (D) logged at least one meal log, or (E) sent at least one message

to their health coach aweek.
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Table 3. Self-reported diabetes self-care activities and lifestyle behaviors at baseline and follow-up (n=80).
Category and behavior or activity Baseline Follow-up Difference P vaue
Blood glucose monitoring, mean (95% CI)
Days that blood glucose was monitored in past week 0.6 (0.2t0 1.0) 23(19t02.7) 1.7(1.3t021) <.001
Dietary habits
Positive change in diet due to app engagement, n (%) _a 68 (85) N/AP <.001
Dayswith fruit and vegetable consumption as per recommend- 1.3 (0.8 to 1.8) 37(31t04.2) 24(1.6t03.1) <.001
ed servingsin past week, mean (95% Cl)
De;yswith high fat food consumption in past week, mean (95% 2.3 (1.9t0 2.7) 16(1.2t02.0) -0.7(-1.1t0o-0.2) .003
Cl
Physical activity, mean (95% CI)
Dayswith at least 30 minutes of continuous activity including 3.4 (2.7 to 4.0) 39(34t04.4) 05(-0.2t01.2) 14
walking in past week
Changein aver age weekly level of moder ate-to-vigorous <.001
physical activity dueto app engagement, n (%)
Increased — 30(38) N/A
Decreased — 0(0) N/A
Stayed the same — 50 (63) N/A

3Question was not present in the baseline survey asit asks for self-reported change due to app engagement.

BN/A: not applicable as question was not present in the baseline survey.

Effectiveness (Health Outcomes)

Changesin HbA ;. levels and weight are shown in Figure 3 and
Table 4. Per-protocol analysis revealed that, on average,
participants’ HbA ;. levels were 1.3 percentage points lower at
follow-up compared to baseline (7.6% [95% CI 7.2-7.9] vs8.9%
[95% CI 8.5-9.2], P<.001) and 49 of 83 participants (59%)
achieved a =1 percentage point reduction in HbA . levels. The
average duration between intervention start and fol low-up HbA ;
tests was 24.2 weeks. Based on per-protocol anaysis,
participants achieved a weight loss of 2.3 kg at follow-up

http://mhealth.jmir.org/2019/5/€12965/
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compared to baseline (77.3 kg [95% CI 74.0-80.7] vs 79.2 kg
[95% CI 75.8-82.6], P<.001), and 17 out of 83 participants
(20%) lost =5% of their initial body weight at baseline. Similar
results and levels of statistical significance were obtained with
the ITT analysis (Table 4).

Using the per-protocol approach, linear regression showed that
HbA ;. decreased by an average of 1.0 percentage point more
among those who logged their weight more (P=.007)
(Multimedia Appendix 8). No statistically significant
associationswerefound between changein weight and measures
of program engagement (data not shown).
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Figure 3. Distributions of health outcomes at baseline and follow-up: (A) HbA 1 for total sample (n=100), (B) HbA 1 for completes (n=83), (C) weight

for total sample (n=100), and (D) weight for completes (n=83).
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Table 4. Changesin health outcomes at follow-up compared to baseline for participants who reached follow-up.

Health outcomes and measures Total (n=100) P value Completes (n=83) P value
HbA 12 change
Percentage point change in HbA 1., mean (95% ClI) -1.1(-1.4t0-0.7) <.001 -1.3(-1.7t0-0.8) <.001
Participants with =1 percentage point reduction, n (%) 49 (49) 49 (59)
Weight change
Weight change expressed as a percentage of baselineweight  —2.0 (-2.8t0-1.2) <.001 -2.3(-3.3to-1.4) <.001

(%), mean (95% ClI)
Participants with loss of =5% of initial baseline weight, n (%)

17 (17)

17 (21)

8HbA 4¢: glycated hemoglobin.

Maintenance (User Satisfaction)

Among the 80 partici pantswho completed the follow-up survey,
the average user-friendliness rating for various program
components was 3.6 to 3.8 out of 5, where 5 = very easy
(Multimedia Appendix 9). Program components received
perceived usefulness scores of 3.3 to 3.5 out of 5, where 5 =
very useful (Multimedia Appendix 10). Despite being given
new glucometersto use for the study, participants gave average
ratings of 3.8 and 3.5 out of 5 for glucometer user-friendliness
and usefulness of performing blood glucose monitoring,
respectively (Multimedia Appendices 9 and 10). Most
participants gave the Glyco app an overall rating of good (41/80,
51%) or very good (18/80, 23%) (Multimedia Appendix 11).
The mgjority of participants indicated that they either probably
would (42/80, 53%) or definitely would (21/80, 26%)
recommend the Glyco app to othersfor managing their diabetes.

http://mhealth.jmir.org/2019/5/€12965/
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Only one participant probably would not recommend the app
to others, and 20% (16/80) were neutral on this matter.
Respondent datareveal ed that 21% (17/80) of participants stated
that they werewilling to purchase unlimited accessto the Glyco
app and health coaches for an annua fee of SGD100
(approximately US $73) but no participant said that they were
willing to pay an annua fee of SGD200 (approximately US
$147).

Discussion

Principal Findings
A reduction in HbA . levels of 1 percentage point has been
shown to be associated with a 21%, 14%, 37%, and 21%

decreaseinrisk of any end point related to diabetes, myocardial
infarction, microvascular complications, and diabetes-related

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 5 [€12965 | p.116
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

death, respectively [28]. This study found that on average,
participants achieved this level of improvement in HbA . level
over the study period. Feasbility studies using mobile
phone-based lifestyle management interventions for diabetes
typicaly do not observe such large changes [9,11,29,30].
Additionally, ailmost afifth of participants—all of whom were

overweight (BMI >23 kg/m?) at baseline—lost more than 5%
of their initial body weight. Behaviora interventions have
demonstrated that a weight loss of as little as 5% among
overweight adults can result in health benefits [31]. Overall,
these results are encouraging and suggest that the mHealth app
has the potential to be clinically relevant in practice. However,
we cannot rule out the possibility that factors unrelated to
GlycoL eap could be positively influencing health outcomes.

Strengths and Limitations

In spite of relatively high levels of engagement across Glyco
app componentsin the first week, the decreased usage over time
advocates that more should be done to improve and sustain
engagement. Nevertheless, despite low completion ratesfor the
online lessons, self-reported increases in blood glucose
monitoring frequency and improvementsin dietary habitsargue
that a mobile intervention like GlycoLeap may be a viable
strategy for patient education and behavior change. Asthe online
lessons were administered on a different platform and required
separate email access, this may have presented a barrier to
access. A greater completion rate may have been achieved if
the lessons were made available directly on the mobile app.

Unlike conventional T2DM lifestyle management programs
administered in the primary care setting through in-person
sessions, mHealth interventions comprising mobile phone apps
like Glyco are highly scalable, requiring comparatively fewer
manpower resources. Although we were unable to determine

Acknowledgments
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the true reach as defined by the RE-AIM framework [17,18],
we attempted to obtain a proxy for reach at SingHealth
Polyclinics-=Tampines using the percentage of patients who
consented to participate out of all patients approached. Despite
an apparent low reach of 13.2%, this percentage does not
accurately represent interest in Glycol eap as patientswho were
deemed ineligible (eg, unable to speak English or did not have
a mobile phone) during the prescreen assessment were not
offered the opportunity to give informed consent and take the
screener. Based on the anecdotal information from the research
coordinator, most of the patients approached were keen to join
the study. Hence, we anticipate that the actua willingness to
participate in GlycoLeap if offered as an add-on to standard
carewill be higher than 13.2%, especialy if GlycoL eap ismade
availablein other languages such as M andarin and mobile phone
use becomes more prevalent.

This study also suggests that GlycolL eap might be a scalable
intervention. The app received good ratings with 21% (17/80)
of participants claiming they werewilling to purchase unlimited
access to use the app and health coaches at a modest fee. In
addition, the GlycoLeap program received relatively high
user-friendliness and user-satisfaction scores compared to other
similar mobile phone apps for diabetes management [9,32].

Conclusions

These results suggest that GlycoLeap may be an effective
strategy for helping some adults with T2DM attain better
diabetic control and that it is feasible to integrate it within the
primary care setting. However, given the study design, we
cannot exclude the possibility that any health improvements
were due to factors unrelated to the GlycolLeap program.
Therefore, future efforts should assess the effectiveness and
cost effectiveness of GlycoL eap using arandomized controlled
trial of at least 12 months to evaluate longer term outcomes.
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Abstract

Background: The incidence of cancer pain increases in discharged patients because of discontinued standard treatments and
reductions in medication adherence. Moativated by the need for better pain management in discharged patients, we developed a
mobile phone app (Pain Guard) to provide continuous treatment information and feedback to discharged cancer patients suffering
from pain.

Objective: The aim was to design, construct, and test the Pain Guard app in patients managing cancer pain, evaluate the total
remission rate of pain and the improvement in quality of life (QoL) to improve pain management for cancer pain patients, and
assess patient acceptance of the app.

Methods: This randomized controlled double-arm study involved 58 patients with cancer pain symptoms. Participants were
randomly assigned to a group receiving care through the Pain Guard app (n=31) or to a control group (n=27) who received only
traditional pharmaceutical care. In apretest, participants were rated using a baseline cancer pain assessment and QoL evaluation.
During treatment, the consumption levels of analgesic drugs were recorded every week. After a 4-week study period, another
round of cancer pain assessment and QoL evaluation was conducted. The system’s usability, feasibility, app compliance, and
satisfaction were also assessed. Our primary outcome was remission rate of pain, and secondary outcomes were medication
adherence, improvementsin QoL, frequency of breakthrough cancer pain (BTcP), incidence of adverse reactions, and satisfaction
of patients.

Results: All participants (N=58) successfully completed the study. There were no significant differences in baseline pain scores
or baseline QoL scores between groups. At the end of the study, the rate of pain remission in the trial group was significantly
higher than that in the control group (P<.001). The frequency of BTcP in the app group was considerably lower than that in the
control group (P<.001). The rate of medication adherencein thetrial group was considerably higher than that in the control group
(P<.001). Improvements in global QoL scores in the trial group were also significantly higher than those in the control group
(P<.001). Theincidence of adversereactionsin thetria group (7/31) was lower than that in the control group (12/27), especialy
constipation, with significant differences (P=.01). The 31 participantsin thetrial group completed a satisfaction survey regarding
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Pain Guard: 23 (74%) indicated that they were satisfied with receiving pharmaceutical care by Pain Guard, 5 (16%) indicated
that they were somewhat satisfied, 2 (6%) indicated neutral feelings, and 1 (3%) indicated that they were somewhat dissatisfied;
no participants indicated that they were very dissatisfied.

Conclusions: Pain Guard was effective for the management of pain in discharged patients with cancer pain, and its operability
was effective and easily accepted by patients.

Trial Registration: Chinese Clinical Trials Registry ChiCTR1800016066; http://www.chictr.org.cn/showproj.aspx?proj=27153

(JMIR Mhealth Uhealth 2019;7(5):€12542) doi:10.2196/12542

KEYWORDS
cancer; pain management; quality of life; adherence

Introduction

Pain has been defined as the fifth vital sign following body
temperature, pulse, respiration, and blood pressure[1]. Previous
reports show that theincidence of painis30% to 50% in patients
with early and midstage cancer and 75% to 90% in patients with
advanced cancer [2]. Pain devastates the quality of life (QoL)
of patients with cancer, impedes cancer recovery, interferes
with activities of daily living, and resultsin long-term morbidity
[3]. Poor pain management places a huge emotional burden on
patients and their relatives and represents a significant cost
burden to the health care system and families, with pain being
the most common reason for patients with cancer to use
emergency health services [4].

In 2011, the Chinese Ministry of Health initiated the Good Pain
Management Ward Program to improve the management of
cancer pain in hospitalized patients [5]. Despite existing
guidelines to assess and manage pain [6], the management of
cancer-related pain is suboptimal, and patients are regularly
undertreated outside the hospital [7,8]. Morethan half of patients
suffering from cancer pain are not treated adequately, especially
discharged patients and remote patientswith less accessto health
care[9].

According to datafrom the Chinalnternet Network Information
Center, as of June 2018, the number of mobileinternet usersin
Chinahad reached 788 million, and 98.3% of them used mobile
phonesto accesstheinternet [10]. The use of mobile technology
to devel op low-cost and pragmati ¢ patient-centered interventions
is akey factor in reducing health care costs and advancing the
science of symptom management [11].

Although there are 165,000 medical and health apps (categorized
under mobile health [mHealth] or electronic health [eHealth]),
most of these apps are not scientifically validated [12]. In a
review of 279 pain-related apps, only one app was found to
have undergone scientific evaluation [13]. There is a need to
devel op and test theory-based and evidence-based appsto better
support patients with accessible pain care self-management.

Considering these points, we developed a mobile phone app,
known as Pain Guard. With the existing medical system and
insufficient medical resources in China, a pain management
app can be useful and appreciated by patients and health care
professionals, making it a good choice for the management of

http://mhealth.jmir.org/2019/5/e12542/

cancer pain in our country [14,15]. The purpose of our study
wasto devel op and test Pain Guard for pain management among
Chinese cancer patients discharged from hospital treatment.

Methods

Pain Guard Design

The Pain Guard app includes two opening screens. one opens
to medical staff (the therapeutic interface) and the other opens
to patients (the patient interface). The app in our study was
designed to operate on the Android and iOS mobile operating
systems to achieve an affordable, portable, and easy to use
environment for patients. A total of 30 senior domestic
pharmacy experts, clinical experts, nursing experts, and
psychologists were included in the design process.

We used the Del phi method [ 16] to design the functions of Pain
Guard to ensure that the modules and questionnaires included
in Pain Guard were practical and scientifically sound. The
construction of the questionnaires and the system module
content indicators—at al levels of the entries, grades, and
indicators of the app’s function—underwent two rounds of
expert consultation. The app’s design wasjointly accomplished
by oncology clinicad pharmacists and physicians, in
collaboration with information technology (I T) engineersat the
Union Hospital of Fujian Medical University and a music
therapist. The design team adopted a modular approach
consisting of several functional subsystemsto facilitate speedy
progress by multiple teams. After designing the system
architecture, engineering work, such as programming and system
integration, was outsourced to a professional IT company to
produce an executable mobile phone app.

The therapeutic interface of the Pain Guard App was designed
for checking a patient's medical history, which was recorded
by the system, and for providing real-time patient consultation
(Figure 1). Note that al screenshots of the app include
trandations that have been added in.

The Patient App

The patient interface of the app consisted of nine modules:
self-evaluation, reminders, reports, records, real-time medication
consultation, musical soothing treatment, pharmaceutical
moments (a module for educating patients), team expert
introduction, and my center (Figure 2).
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Figure 1. Screenshot of the medical experts' search page.
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Self-Evaluation Module

Thismodule consisted of two parts. daily cancer pain assessment
and breakthrough cancer pain (BTcP) assessment. The pain
diary (Figure 3) was a questionnaire that consisted of 12
guestions; this was used to track patients’ self-reported pain
data, including assessment of pain intensity, the location of the
pain, the nature of the pain, the pain score, the frequency of
BTcP, medication status, and any adverse reactions. A body
map displayed on the mobile phone screen allowed the patient
to choose the precise location of recently experienced cancer
pain. The pain score was based on a numerical rating scale
(NRS) from 1 to 10. The patients were asked to identify the
highest severity of pain, using NRS scores, within the previous
24 hours, aswell asto report the current pain score. The BTcP
assessment included a questionnaire that contained the score,
the location, and the duration of pain. An intervention alarm
was designed to help patients manage their pain in real time.
When moderate or severe BTcP (with apain score greater than
or equal to 4) occurred, the system would alert the patient, with
aprompt to follow medication orders. An hour later, the patient
would be prompted to reassesstheir BTcP. If the pain score till
exceeded 4, the processing plan would repeat.

Yang et a

Reminders

This modulewas designed to remind patientsto performaBTcP
reassessment and to view their examination and medication
schedules so that they would remember to take their pain
medicine on aregular basis (Figure 4).

Records

This module was designed so that patients could see their pain
status and treatment history (Figure 4).

Report Center

This module was designed to enable patients to take photos of
their inspection reportsto be forwarded to the pain management
team (Figure 4). These reports included blood tests (eg, blood
routine, liver function, and kidney function), imaging data (eg,
computed tomography and magnetic resonance imaging scans,
and ultrasound), and other findings that may be associated with
pain management that enable medical staff to monitor drug
reactions.

Real-Time Medication Consultation

This module was designed to facilitate a real-time consultation
session on pain management between the patient and the cancer
pain management team (Figure 5).

Figure 3. Screenshot of the self-evaluation module, including the pain diary and breakthrough cancer pain assessment parts.
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Figure 4. Screenshots of the reminds, records, and report center modules.
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Soothing Music Treatment

Thismodule consisted of aquestionnaire and an intelligent filter
push function. The content of the questionnaire and
recommended music catalog were formulated by the Delphi
expert correspondence method. A total of 56 sounds were
selected: 20 nature, 10 piano music, 5 harp music, 5
easy-listening music, 5 Chinese music, 5 religious (Christian)
music, and 6 religious (Buddhism) music. These sounds could
be used free of charge. According to a brief questionnaire, the
system would suggest music playlists and links to help patients
relieve tension and anxiety, raise the threshold of pain, and
increase comfort levels (Figure 6).

Pharmaceutical Moment

This module was designed to provide pharmacological
knowledgefor patients' self-learning, including information on
antitumor drugs, analgesic drugs, and adverse reaction
prevention (Figure 7).

My Center

This module was designed to survey satisfaction, collect
feedback from patientsfor further improvement of the app, and
to provide instructions for the usage and version information
of the app (Figure 8).

Figure 6. Screenshot of the soothing music treatment module.
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Study Design
An experiment was designed to test the effectiveness of Pain

Guard on cancer pain management. The experiment involved
two groups. a Pain Guard trial group and a control group.

Pain Guard Study Group

After obtaining consent from all participants, clinica
pharmacists conducted a standardized education session to teach
the participants how to operate the mobile phone, use Pain
Guard, properly assess pain, and use the rating system. The
participants in the study group were asked to complete initial
and final pain assessment questionnairesand QoL questionnaires
on the mobile phones provided to them. Participants were
encouraged to use Pain Guard as much as possible to record
their pain status, at least once every day for 4 weeks.

Control Group

The control group received conventional pharmaceutical care.
Initial and final pain and QoL assessment data were collected.
Before the patient was discharged from the hospital, the clinical
pharmacist conducted detailed medication education (including
medication methods, prevention and treatment of adverse
reactions, and precautions) and asked the patient to attempt to
maintain a paper version of the pain diary.
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Figure 7. Screenshot of the pharmaceutical moment module.
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Enrollment of the Participants

The participants had to meet the following screening criteria:
(1) able to read Chinese and use a mobile phone, (2) aged
between 18 and 75 years, (3) diagnosed with cancer and had
self-reported cancer pain within a month before the study, and
(4) could understand the study process and evaluation, agreed
to participatein thetrial, and signed the informed consent form.
Exclusion criteria included (1) severe cognitive impairments;
(2) hepatic insufficiency (alanine aminotransferase=2.5 x upper
limits of normal [ULN], aspartate aminotransferase=>2.5 x ULN,
total bilirubin = 1.5 x ULN), or renal insufficiency (serum
creatinine =2.5 x ULN); (3) inability to complete the pain
assessment; (4) participation in any other investigational
therapies or other study protocols that may have an impact on
pain intensity, which were the main outcomes of this study; (5)
history of drug abuse, addiction, or severe alcoholism; and (6)
opioid allergy.

Principle Objectives

The primary objective was to assess the effectiveness of pain
management with Pain Guard. The secondary objectives were
to evaluate the feasibility and changesin the quality of patients
lives, user satisfaction, incidence of adverse reactions, and
medication adherence when using Pain Guard.

M easur ement

Pain Assessment and Quality of Life Evaluation

All participants were asked to complete a general information
guestionnaire regarding pain management and assessment. A
baseline pain assessment was conducted using an NRS in both
groups. Furthermore, abaseline QoL evaluation was conducted
using the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire-Core 30 in both groups.
At the end of thetrial, the pain assessment and QoL evaluation
were repeated in both groups. Medication adherence was
calculated by comparing the patient’s daily dose with the
physician’s prescription and medication cycle [17]. The
consumption of the analgesic drugs was recorded by a
guestionnaire on pain management in Fujian Medical University
Union Hospital, Fuzhou City, China.

The feedback on Pain Guard was designed to evaluate
satisfaction with the system. The questionnaire was completed
by participants at the end of the study. Overall satisfaction
ratings were displayed by acertain number of stars. The number
of starswason ascale of 1to 5, with 1 star being the worst and
5 stars being the best. The data generated after the survey were
used to evaluate patient satisfaction with Pain Guard. The
guestionnaire also contained an open-ended question in which
participants were encouraged to give any other suggestions
regarding improvements to Pain Guard.

Data Analysis

Due to the nature of this pilot work and the sample size, only
limited statistical analyseswere performed. Outcome eval uators
were blinded to the data collection. The datawere processed by
using the R Statistical Software Package 3.5.1 (R Foundation

http://mhealth.jmir.org/2019/5/e12542/

Yang et a

for Statistical Computing, Vienna, Austria), and were tested for
normality by using the Shapiro-Wilk test. Notably, the mean
values of several groups were not normal distributed (P<.05),
so the nonparametric test was wused. The
Wilcoxon-Mann-Whitney test was used to analyze differences
in remission rate of pain, BTcP, medication adherence, and QoL
between the trial and control groups.

User Statistics

Theresearch wasregistered online at the Chinese Clinical Trials
Registry on May 9, 2018. The ethical review of this study was
approved by the Medical Ethics Committee of Fujian Medical
University Union Hospital in Fuzhou City on May 4, 2018. This
randomized controlled study of Pain Guard was conducted at
the Oncology Center of Fujian Medical University Union
Hospital in Fuzhou City.

Results

Participant Characteristics

A total of 58 participants (20 female, 38 male) were enrolled.
All patients underwent treatment in which analgesia principles,
titrations, maintenance, and safety for the conversion or rotation
of drugs strictly followed the National Comprehensive Cancer
Network Adult Cancer Pain Guidelines. A randomization
scheme was generated by independent statistical personnel using
acomputer. All participants were then randomly assigned into
two groups: the Pain Guard study group (n=31) and the control
group (n=27). The study group had 14 (45%) females; the
control group had 6 (22%) femaes. The participants
demographic information, aswell astheir disease characteristics,
are summarized in Table 1.

We found no significant difference in the baseline pain scores
between the two groups (Table 2). Over the 4-week study period,
there was a significant difference in BTcP scores between the
Pain Guard and control groups (median 3, interquartile range
[IQR] 2-7 vs median 13, IQR 9.5-14, P<.001). The remission
rate of pain was significantly different in the Pain Guard versus
control group (median 50, IQR 45-63 vs median 0, IQR 0-25,
P<001). The medication adherence of patientsin the Pain Guard
group was median 100 (IQR 98-100) compared with median
75 (IQR 62-89) in the control group, which was significantly
different (P<.001).

Theresults shown in Multimedia Appendix 1 indicate that there
was no significant differencein the baseline of all items of QoL
scores between the two groups (P>.05). The study group,
compared with the control group, scored significantly higher
innine QoL dimensions: cognitive functioning (W=768, P<001),
emotional functioning (W=552.5, P=.03), social functioning
(W=556, P=.03), deeping disturbances (W=124, P<001), nausea
and vomiting (W=272, P=.01), constipation (W=261, P=.008),
fatigue (W=211.5, P=.001), pain (W=177, P<001), and global
QoL (W=725.5, P<001). In the other dimensions, there was no
significant difference. The total number of participants who
completed the entire questionnaire was 58 (100%) at baseline
and 58 (100%) at 4 weeks.
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Table 1. Characteristics of participants at baseline (N=58).

Yang et a

Variable Pain Guard (n=31) Control (n=27)
Age (years), mean (SD) 51.10 (8.98) 53.96 (8.58)
Sex (female), n (%) 14 (45) 6(22)
Primary diagnosis, n (%)
Nasopharyngeal cancer 2(6) 1(4)
Cervica cancer 1(3) N/A
Esophagus cancer N/AZ 6(22)
Stomach cancer 5(16) 3(11)
Column cancer 9(29) 5(19)
Lung cancer 7(23) 9(33
Breast cancer 3(10) N/A
Ovarian cancer 1(3 N/A
Bladder cancer 2 (6) N/A
Pancreatic cancer N/A 1(4)
Osteosarcoma N/A 2(7)
Soft tissue sarcoma 1(3 N/A
Therapeutic regimens, n (%)
Oxycodone 7(23) 4 (15)
Morphine 5(16) 3(1
Methadone 13 (42) 12 (44)
Tramadol 6(19) 8(29.6)
3N/A: not available.
Table 2. Management outcome comparisons between the Pain Guard and control groups (N=58).
Management outcomes Pain Guard (n=31), median (IQR? Control (n=27), median (IQR) W val ue” P value
Baseline NRS® 4(3-4) 4(3-4) 4955 20
Remission rate of pain (%) 50 (45-63) 0(0-25) 686.0 <.001
Frequency of breakthrough cancer pain 3(2-7) 13 (10-14) 975 <.001
M edication adherence (%) 100 (98-100) 75 (62-89) 742.0 <.001
3 QR: interquartile range.
Bw: Shapiro-Wilk test.
°NRS: numerical rating scale.
User Feedback

Adverse Reactions

The occurrence of adverse reactions (Figure 9), recorded by
brief pain inventory, was lower inthetria group (7/31) thanin

the control group (12/27).

http://mhealth.jmir.org/2019/5/e12542/
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An evaluation was conducted to measure the participants
satisfaction with the Pain Guard app. Regarding their
satisfaction, 23 (74%) participants in the trial group indicated

they were very satisfied, 5 (16%) were somewhat satisfied, 2
(6%) were neutral, 1 (3%) was somewhat dissatisfied; none
were very dissatisfied. Overall, the data suggest a high level of
user satisfaction with Pain Guard.
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Figure 9. Adverse reactions profile of participants during the study (N=58).
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Principal Results

This study aimed to provide continuous professional treatment
for patients with pain after discharge from hospital to improve
QoL. We huilt a seven-module app with the following five
functions: (1) patients can report pain status, adverse drug
reactions, and physical status at any time; (2) the management
team can intervene and treat the patients, according to their
reports, in a timely manner; (3) re-evaluation and medication
reminders are available; (4) medication education is provided
to patients; and (5) music therapy treatment can be administered
in the patient’'s own home. Through a 4-week clinical trial
investigating cancer pain management through Pain Guard, it
was confirmed that Pain Guard significantly reduced the
frequency of BTcP and improved pain relief and medication
adherencein study participantswith few adversereactions. The
satisfaction survey found that participants acceptance and
satisfaction with the app were high.

The cancer pain management team consisted of clinica
pharmacists, physicians, and senior nurses. When the patient
comesin for aconsultation, the clinical pharmacist acted asthe
spokesperson for the pain management team. Simple problems
were solved by the pharmacist, whereas complex problemswere
referred to the team by the pharmacist, and the corresponding
expert would respond to the questions by consulting the patient’s
medical records. The pharmacist was in charge of
communicating the solution to the patient.

Approximately 70% of patients with cancer pain are
undertreated internationally [18] because physicians cannot
access patients' current pain status, which is how physicians
determine whether to change analgesic treatment, so the
real-time messaging providing by the app plays the most

http://mhealth.jmir.org/2019/5/e12542/

RenderX

reaction and BTcP could not be treated timely and adequately,
cancer pain may progress to a pain crisis [3]. An innovative
real-time pain assessment mechanism and electronic reporting
system were considered to be more effective in capturing pain
data [19,20]. Our team collected detailed cancer pain reports
through the app and provided personalized guidance for patients
inreal time.

Pain Guard was devel oped as amultidimensional tool, not only
for real-time pain assessment but also for real-timedrug adverse
reaction treatment assessments and real-time messaging
consultations. Such a mechanism enabled the team to convey
clinical assistance and interventions to the patients. The Pain
Guard app allowed patientsto be able to instantaneously assess
and report pain; thus, the team was able to provide prompt
advice, which was not traditionally possible. From our study,
the frequency of BTcP in the Pain Guard group was less than
the control group. Through this app, BTcP could be reported in
real time, standard treatment could be continued after the patient
had been discharged, and the symptoms of cancer pain could
be steadily controlled. Assessing adverse effects can lead to
quicker responses, thus lowering levels of inconvenience
experienced by patients[21]. Theincidence of adversereactions
is reduced when symptoms are effectively controlled. For
example, in one patient, constipation decreased from 37% to
10%. This was likely because the patient’s bowel habits and
diet structure were improved based on timely feedback and
individualized education facilitated by the app.

According to our hospital’s investigation, cancer patient’s lack
of pain knowledge can lead to poor control of cancer pain [22].
In the Pain Guard app, pharmacists can regularly educate
patients to help them understand their pain and the drugs they
take, which provides the necessary guidance for patients and
ultimately improves patient adherence. Theimproved medication
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adherence reinforces optimal pain management and improves
QoL [23].

Music interventions may have a beneficia effect on anxiety,
pain, fatigue, and QoL in peoplewith cancer [24]. Furthermore,
music represents an important intervention that isinexpensive,
nontoxic, readily available, and can potentially minimize cancer
pain, which helps reduce procedural pain [25].

According to a brief Music Therapy Self-Rating Scale [26],
based on patient preferences and assessment outcomes, music
can be suggested to patientsintelligently to aid in the processing
of thoughts and emotions and the improvement of symptom
management.

Our app establishes a pain case system such that the patient’s
pain treatment information is available through a shareable
information warehouse. The information warehouse collects
basi c information regarding patients, history of pain, history of
treatment, and user feedback. After the patient is discharged
from the hospital, authorized physicians and pharmacists can
review the patient’s history of pain management at any time
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and location. Thus, the pain management team can rapidly and
effectively manage the patient’s pain situation and achieve a
seamless connection with the hospital.

Limitations

Because this was a pilot study, illustrative data analysis from
the small sample collected over 2 months could only show
apparent trends in the management of patients with cancer pain
outcomes from baseline to poststudy.

Conclusions

Pain Guard succeeded in connecting hospital staff with
discharged patients using alow-cost, conveniently implemented
system to facilitate real-time pain recording and timely
intervention among Chinese cancer patients. Pain Guard
effectively enhanced the management of patients with cancer
pain at home, reduced adverse reactions, improved patient
medication adherence, and improved patient’s QoL. In addition,
the software operability was effective and easily accepted by
patients.
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Abstract

Background: Dengue fever (DF) is one of the most common arthropod-borne viral diseases worldwide, particularly in South
East Asia, Africa, the Western Pecific, and the Americas. However, DF symptoms are usually assessed using a dichotomous (ie,
absent vs present) evaluation. There has been no published study that has reported using the specific sequence of symptoms to
detect DF. An app isrequired to help patients or their family members or clinicians to identify DF at an earlier stage.

Objective: Theam of this study was to devel op an app examining symptoms to effectively predict DF.

Methods: We extracted statistically significant features from 17 DF-related clinical symptoms in 177 pediatric patients (69
diagnosed with DF) using (1) the unweighted summation score and (2) the nonparametric HT person fit statistic, which canjointly
combine (3) the weighted score (yielded by logistic regression) to predict DF risk.

Results: A total of 6 symptoms (family history, fever 239°C, skin rash, petechiae, abdominal pain, and weakness) significantly
predicted DF. When a cutoff point of >—0.68 (P=.34) suggested combining the weighted score and the HT coefficient, the sensitivity
was 0.87, and the specificity was 0.84. The area under the receiver operating characteristic curve was 0.91, which was a better
predictor: specificity was 10.2% higher than it was for the traditional logistic regression.

Conclusions: A total of 6 simple symptoms analyzed using logistic regression were useful and valid for early detection of DF
risk in children. A better predictive specificity increased after combining the nonparametric HT coefficient with the weighted
regression score. A self-assessment using patient mobile phones is available to discriminate DF, and it may eliminate the need
for a costly and time-consuming dengue laboratory test.

(IMIR Mhealth Uhealth 2019;7(5):€11461) doi:10.2196/11461

KEYWORDS
dengue fever; HT person mapping statistic; logistic regression; score summation; receiver operating characteristic curve

However, thereis no accurate and speedy diagnostic screening
test for DF at an early stage, as its signs and symptoms—for
example, fever, headache, and myalgia—are similar to those of
other illnesses [4-6]. Some studies [4,5] that used a univariate
analysis report that the presumptive diagnosis of DF is
imprecise. Multivariate logistic regressions also do not

Introduction

Symptoms of Dengue Fever

Denguefever (DF) isone of the most common arthropod-borne
viral diseases worldwide [1], especialy in South East Asia,
Africa, the Western Pacific, and the Americas[2,3].
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significantly distinguish patients with dengue from those with
other febrile illnesses [7]. The multivariate discrimination
analyses reported sensitivity and a specificity 0.76 and an area
under the receiver operating characteristic (ROC) curve (AUC)
of 0.93, but costly laboratory tests (Dengue Duo
Immunoglobulin M and Rapid Strips, Panbio, Queensland,
Australia) [8-11] were needed before DF was serologically
confirmed.

Assessment of Dengue Fever
DF symptoms are usually assessed using a dichotomous (ie,
absent vs present) evaluation. The dependent variable (DF' vs

DF") predicted using independent eval uations with a weighted
summation score is more accurate than that predicted using
simple evaluations with an unweighted summation score. So
far, there has been no published study that has reported using
the specific sequence of symptoms reported or observed in
specific patients suspected of having DF. All published studies
to date still report results using only a standard group of
symptoms with an unweighted summation score, and they
merely apply their results to a general group of patients who
might have DF.

The HT Fit Statistic Applied to Detect Dengue Fever

The nonparametric HT fit statistic has been used in education
and psychometricsto identify aberrant test respondents[12,13].
It is a transposed formulation of a scalability coefficient for
items (eg, symptoms in this study), and it is the best among
36-person fit statistics for detecting abnormal behaviors [14].

Objectives
In this study, we used the HT coefficient combined with
weighted and unweighted variables to examine whether these

combinations provide avalid and reliable approach for the early
detection of DF in children.

Figure 1. The equation of the HT fit statistic.

N

2

i=1

X,
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Methods

Sample and Clinical Symptoms

The sample of 177 pediatric patients (<16 years old; DF": 69;
DF: 108) was the same as in our previous paper [8] (see data
in Multimedia Appendix 1). Guided by the literature [5-7], we
collected 19 DF-related clinical symptoms from the patients
medical records to develop theinitial set of items—designated
as 0="absent” or 1="present”—to screen for DF infection: (1)
personal history of DF, (2) family history of DF, (3) mosqguito
biteswithin the previous 2 weeks, (4) fever 239°C, (5) biphasic
fever, (6) rash, (7) petechiag, (8) retroorbital pain, (9) bonepain
(arthralgia), (10) headache, (11) myalgia, (12) abdominal pain,
(13) anorexia, (14) occult hematuria, (15) stool occult blood,
(16) cough, (17) sore throat, (18) soft (watery) stool, and (19)
flushed skin. Data from these patients' charts were obtained
and approved by the Research Ethics Review Board of the
Chi-Me Medical Center.

TheHT Fit Statistic

HT is defined for the persons of a dichotomous dataset with L
items (in columns) and N persons (in rows) [12-14], where X,
isthe scored (0,1) response of person nto itemi, and P,=S/L.
Here, S, istheraw score for person m, and S, is the raw score
for person n.

HT isthe sum of the covariances between person n and the other
persons divided by the maximum possible sum of those
covariances so that therange of HT isfrom —1to +1, seeformula
(2) in Figure 1. When the responses by person n are positively
correlated with those of al the other persons, then HT (n) will
be positive. In contrast, when the responses by person n are
negatively correlated with those of all the other persons, then
HT (n) will be negative. When person n’sresponsesare random,

HT (n) will be close to zero [11]. We hypothesized that DF"
patients have different HT coefficients than DF patients. All

DF" group memberswere sequenced to the DF~ group members
to obtain an HT coefficient using formula (1) in Figure 1.

iXmi]/L_pan)

HT(n) — m=_1,m¢n

N

1

> (min[ p,(1- p,, p,,(A-p,)])

m=1,m#n
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Selecting Symptoms and Deter mining Predictor
Variables

All symptomswere examined by the probability of Type 1 error
using the following 3 steps in Figure 2 to determine predictor
variables. First, each symptom was separately examined by the
univariate approach using a Chi-sguare test and logistic

Figure 2. Overall study concept and the flow chart.

Chieneta

regression, respectively, for identifying asignificant association
with DF. Second, 2 models (ie, the univariate and the
multivariate approaches) were investigated for determining
valid predictor variables associated with DF when the
probability of Type 1 error waslessthan .05. Third, the predictor
variables were used in a weighted combination for
discriminating patients suspected with dengue virus infection.

Dengue Fever
Symptoms

Model A

(1) Unweighted

(2) Weighted——

Model B
A. Score summation:

Logistic
regression

(P<.05)

Model C
B. HT Mapping

Prediction

(_End )

Detecting Dengue Fever: A Comparison of Three
Models

The efficacy of 3 models (A, B, and C) for detecting dengue
fever was examined: (1) A comparison was made using
univariate logistic regression in Model A to examine effects
through the AUC, yielded by unweighted (ie, summed item)
scores, weighted (ie, logistic regression) scores, and HT
coefficients, respectively. (2) Multivariate logistic regression
with the 3 af orementioned factors combined was used in Model
B. (3) After selecting the significant variablesin Model B, the
combined predictive variableswere analyzed using multivariate
logistic regression in Model C to obtain effective weighted
coefficients. (4) Finally, we wanted to use a single continuous
variable yielded by the combined predictive variablesin Model
C to compare the AUC with the counterparts in Model A and
C.

Moreover, we provide the F-measure for evaluating the
predictive effect [15], which is caculated by following
equations. precison=True Positives/(True PositivestFalse
Positives); recall=True Positives/(True Positives+False
Negatives); F-measure=(2xprecisionxrecall)/(precision+recall).

https://mhealth.jmir.org/2019/5/€11461
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Statistical Toolsand Data Analyses

SPSS 15.0 for Windows (SPSS Inc) and MedCalc 9.5.0.0 for
Windows (MedCalc Software) were used to calculate (1) the
probability of false positives (Type 1 error) using a Chi-sgquare
test and logistic regression, (2) Youden Jindex (the higher, the
better), AUC, sensitivity, specificity, and the cutoff point at
maximal summations of specificity and sensitivity, (3)
correlation coefficients among variables of unweighted,
weighted, and HT scores.

Results

Demographic Char acteristicsof the Study Sampleand
the Likelihood of Dengue Fever

A total of 69 pediatric patients clinicaly diagnosed with DF
and 108 pediatric patients with no evidence of DF infection
were included in this study (Table 1). A Chi-sgquare test and
logistic regression analyses showed that only 6 symptoms
(family history, fever 239°C, skin rash, petechiae, abdominal
pain, and weakness) were significant for assessing thelikelihood
of DF (Table 2).
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Table 1. Demographic characteristics of the study sample.

Demographical variables Dengue fever (92 n (%) Dengue fever (+)b, n (%) Total, n (%) P value®
Gender
Female 47 (43.5) 29 (42) 76 (42.9) 84
Male 61 (56.5) 40 (58) 101 (57.1) _d
Age (years)
0-4 48 (44.4) 11(16.2) 59 (33.5) .005
59 24 (22.2) 20(29.4) 44 (25) —
9-16 36 (33.3) 37 (54.4) 73 (41.5) —

3Dengue fever (-): patients with a negative dengue fever strip test.
bDengue fever (+): patients with a positive dengue fever strip test.
P values were determined by the Chi-square test.

INot applicable.

Table 2. Logistic analysis of symptoms for the patients suspected with dengue virus infection using the univariate approach.

Symptom varisblesand presence  pengue fever ()2 Denguefever (+)°, Totdl, n (%) Chi-square (df)  pyguet Logisticregression
n (%) n (%) Beta  Pvaue
Family history
No 79 (73.1) 40 (58.0) 119 (67.2) 3.7(2) .053 1.35 .002
Yes 29 (26.9) 29 (42.0) 58 (32.8) _d — — —

High fever of 39°C

No 87 (80.6) 37(53.6) 124 (70.1) 13.3(2) <.001 1.48 048

Yes 21(19.4) 32 (46.4) 53 (29.9) — — — —
Skin rash

No 82 (75.9) 20(29.0) 102 (57.6) 36.1(2) <.001 2.63 .000

Yes 26 (24.1) 49 (71.0) 75 (42.4) — — — —
Petechiae

No 106 (98.1) 60 (87.0) 166 (93.8) 7.3(2) .007 2.34 026

Yes 2(19) 9(13.0) 11(6.2) — — — —

Abdominal pain

No 104 (96.3) 53 (76.8) 157 (88.7) 14.1(2) <.001 2.89 .000

Yes 4(37) 16 (23.2) 20 (11.3) — — — —
Weak sense

No 90 (83.3) 48 (69.6) 138 (78.0) 3.9(2) .049 0.98 .048

Yes 18 (16.7) 21 (30.4) 39 (22.0) — — — —
Constant

— — — — — — -3.28 —

@Dengue fever (-): patients with a negative dengue fever strip test.

bDengue fever (+): patients with a positive dengue fever strip test.

P values were determined by the Chi-square test and the Wald test of logistic regression.
INot applicable.

regression) and the HT coefficient could be jointly used for
predicting DF risk using equation (2):

( Logit=—3.32+0.93 x weighted _ score+ 1.92 x HT
- coefficient) (2)

Comparisons of the Area Under Receiver Operating
Characteristic Curvefor the Three Study Models

Comparisons of the AUCs for the 3 study models (A, B, and
C) showed that the weighted variable (derived by the Logistic
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The risk probability can be computed using the transformed
formula3:

P=exp (log it)/ (1+exp(log it)) (3)
where logit denotes a unit of log odds.

A cutoff point of >-0.68 (P=.34) was determined using the
combined predictive variables in Model C: sensitivity=0.91,
specificity=0.76, AUC=0.88, and the highest F-measure=0.82
(see Figure 3 and Table 3). Predictive power was better:
specificity was 10.2% (ie, 84.30-74.10, shown in Table 3)
higher than when using traditional logistic regression, that is,
the independence variable=sum (weighted score for each

Chieneta

symptom X the respective symptom response, 1 or O, predicting
the dependence variable, 1 or O for DF). Even if AUC using
the HT coefficient was dlightly lower (0.72) than when using
the unweighted (0.84) and the weighted (0.87) variables
(Table3), and the HT coefficients related to the weighted and
unweighted scores were 0.26 and 0.22, respectively, the
weighted score had a higher correlation coefficient than the
unweighted score to the HT coefficients, and the combined
strategy of Model C or the single continuous variable yielded
by the combined predictor variables (Table 3) are verified and
available for use in practice. More importantly, the sensitivity
is more critical than the specificity in clinical settings, as we
would not miss any 1 case with fatal diseases.

Figure 3. Four models plotted by receiver operating characteristic curves. The Combined denotesModel Cinthisstudy (sensitivity=0.87, specificity=0.84,
area under the receiver operating characteristic curve=0.91, F-measure=0.82).
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Table 3. Comparisons of area under receiver operating characteristic curve for the study models.

Approach and steps Logistic regression Receiver operating characteristic curve analysis F-measure
B2 Pvaue Areaunder  yguden P Cut point Sensitivity  Specificity
recelver oper-
ating charac-
teristic curve

Comparison of models

Model A: Univariate approach with a single variable compared with the dengue fever using Logistic regression and receiver operating charac-
teristicanalysis

Unwei ghtc l.60d <.001 0.84 0.58 >1.00 79.7 78.7 _e
Wei ghtf 0.974 <.001 0.89 0.61 >-1.20 91.3 74.1 —
HT coefficient? 3.75¢ <.001 0.72 0.53 >0.15 65.2 88 —

Model B: Multivariate approach with combined these three variables in regressing the dengue fever using Logistic regression

Unweight 0.31 .595 — — — — — _
Weight 0.7 014 — — — — — —
HT coefficient 3,084 .001 — — — — — —
Constant -1.03 .35 — — — — — —

Model C : Combined these 2 significant predictor variables using Logistic regression

Constant -0.463 751 — — — — — —

A single continuous variable yielded by the combined predictor variablesin Model C
Combined” 1 <.001 0.91 0.71 >-0.68 87 84.3 —

The predictive effect: precision recall

Unweight — 72 0.85 — — — — 0.78
Weight — .93 0.65 — — — — 0.77
HT coefficient — .78 0.82 — — — — 0.8

The combined model  — .87 0.78 — — — — 0.82

3B coefficient of logistic regression.

BYouden Jindex.

Cltem-score summation method.

dp< 05.

®Not applicable.

"Multi plying item score with the weighted regression coefficient.
9See Figure 1 for the HT equation

husi ng the 2 combined variables to predict patient’s dengue fever.

A snapshot on amobile phone responding to questions (Figure  (or therisk probability) and examine whether these 6 symptoms
4, top) was generated, and the results for assessing whether the  are useful for predicting a high DF risk (>-1.03 logits or P
patient has DF (Figure 4, bottom) were determined, which =>.26=exp(—1.03 logits)/(1+exp(-1.03 logits)). | nterested readers
indicated that patients suspected of having DF could directly are recommended to see the demonstration in Multimedia
scan the Quick Response Code to obtain their DF logit scores  Appendix 2 using a M P4 video to display.
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Figure 4. Snapshots on a mobile phone responding questions (top) and the result (bottom) for assessing the patient dengue fever.

Symptoms Analysis for Dengue fever @

Family history:

Absent
Present
5pc(ificity=75_93% Dengue fever
(] [') o -
= D +
=
s Sensitivity=91.3%
=1 ==
o
(&)

¢ =3.5 Cut>-1.03 7.5
Combined weight and Ht efficient logit score
Prob. 0.03 0.36 0.99
0.66
median= -0.63

*Highrisk at 2.39 (P=.92)

Discussion

Principal Findings

We found that using the HT coefficient yielded predictions that
were 10.2% more specific (ie, 84.30-74.10, shown in Table 3)
than those of traditional logistic regression. The HT index is
promising when the patient sequence symptom pattern is
compared with the DF" group to detect dengue fever in children.
It can be combined with the wei ghted summation scoretojointly
predict the DF risk and then report that risk on mobile phones.
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The HT coefficient has been used in education and
psychometrics to identify aberrant test respondents [12-14].
Although some have used item response theory fit statistics (eg,
outfit mean square error >2.0) to sel ect abnormal responsesthat
indicate cheating, careless responding, lucky guessing, creative
responding, or random responding [16], our literature review
revedled no published papers that reported using the HT
coefficient in medical settings, especially for detecting
individual aberrant response patterns different from the study
reference sample, or, like this study, identifying the DF risk by
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comparing their sequence symptom pattern with that of the DF*
group.

What ThisKnowledge Addsto What We Already
Knew

A diagnosisof DF isusually confirmed by 3 steps: (1) observing
DF-related symptoms, (2) testing laboratory data, such aswhite
blood cells and platelets, and (3) serologicaly verifying DF
using dengue Immunoglobulin M and Immunoglobulin G
antibodies, polymerase chain reaction analysis, and virus
isolation tests [8]. The latter 2 are relatively expensive. It is
needed to develop a self-assessment approach (eg, scanning
Quick Response Code, responding questions, and obtaining the
DF risk on hisher smartphone), (1) helping patients for
consultation at an earlier stage and (2) prompting doctors for
sampling patient |aboratory data when his’her DF risk reaches
acut point of P=.26 (=exp(-1.03 logits)/(1+exp(-1.03 logits)).

We found that the weighted score was a better predictor than
the unweighted score (see Model A and Moddl B in Table 3).
However, we still see so many scalesin amedical setting using
unweighted summation scores to determine the presence or
absence of disease. Along with the mobile phones popularly
used in the technical age, the way of obtaining the DF risk on
mobile phones using the combined HT coefficient and weighted
scores is available and worth recommending to health care
providersto use for detecting the risk for DF.
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Limitations and Future Study

This study has some limitations. First, the DF cut point based
on the symptoms of this study sample might be biased toward
that population. Moreover, we did not remove abnormal data
when the HT coefficient was lessthan the critical value of 0.22,
which best identifies aberrantly responding examinees [14].
Second, athough the sample size was small, using the HT
coefficient combined with the AUC yielded highly accurate
discriminatory screening. However, this finding requires
confirmation in prospective studies of other regions with a
substantial incidence of DF. Third, the study sample size (=177)
is too small to make the inference reliable and supportable.
More DF patients collected in a study are required to be
considered in the discernable future. Particularly, artificial
intelligence (Al) has become increasingly prevalent in recent
years.

Conclusions

Analyzing 6 simple symptoms using logistic regression isuseful
and valid for the early detection of DF risk in children.
Combining the HT coefficient with the weighted score yields
a prediction that is 10.2% more specific than that yielded by
traditional logistic regression. A self-assessment app using
patient mobile phones is available to help people suspected of
having DF, and it might eliminate the need for costly and
time-consuming laboratory tests.
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Abstract

Background: Risk-appropriate prenatal care has been asserted as away for the cost-effective delivery of prenatal care. A virtua
care model for prenatal care has the potential to provide patient-tailored, risk-appropriate prenatal educational content and may
facilitate vital sign and weight monitoring between visits. Previous studies have demonstrated a safe reduction in the frequency
of in-person prenatal care visits among low-risk patients but have noted a reduction in patient satisfaction.

Objective: The primary objective of this study was to test the effectiveness of a mobile prenatal care app to facilitate a reduced
in-person visit schedule for low-risk pregnancies while maintaining patient and provider satisfaction.

Methods: This controlled trial compared a control group receiving usua care with an experimental group receiving usual
prenatal care and using amobile prenatal care app. The experimental group had a planned reduction in the frequency of in-person
office visits, whereas the control group had the usual number of visits. The trial was conducted at 2 diverse outpatient obstetric
(OB) practices that are part of a single academic center in Washington, DC, United States. Women were eligible for enrollment
if they presented to care in the first trimester, were aged between 18 and 40 years, had a confirmed desired pregnancy, were not
considered high-risk, and had an iOS or Android smartphone that they used regularly. We measured the effectiveness of avirtual
care platform for prenatal care via the following measured outcomes: the number of in-person OB visits during pregnancy and
patient satisfaction with prenatal care.

Results: A total of 88 patients were enrolled in the study, 47 in the experimental group and 41 in the control group. For patients
in the experimental group, the average number of in-person OB visits during pregnancy was 7.8 and the average number in the
control group was 10.2 (P=.01). There was no statistical differencein patient satisfaction (P>.05) or provider satisfaction (P>.05)
in either group.

Conclusions: The use of amobile prenatal care app was associated with reduced in-person visits, and there was no reduction
in patient or provider satisfaction.

Trial Registration: Clinical Trials.gov NCT02914301; https://clinicaltrial s.gov/ct2/show/NCT02914301 (Archived by WebCite
at http://www.webcitation.org/76S55M 517)

(IMIR Mhealth Uhealth 2019;7(5):€10520) doi:10.2196/10520
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Introduction

Methods

Background

In the United States, there are nearly 4 million live births each
year. This makes prenatal care one of the most widely utilized
preventative care health services [1,2]. Despite its widespread
use, the effectiveness and organi zation of standard prenatal care
has been debated [3-5]. Rigorous scientific evidence of the
effectiveness of standard prenatal care, including effects on
materna and infant outcomes, health-related behaviors, and
health care costsislimited [2]. Inthe early mid-1980s, an expert
panel recommended stratifying women into high- and low-risk
categories, with high-risk women receiving more intensive
prenatal care and low-risk women following a reduced visit
frequency schedule [6]. Therationale for this recommendation
wasthat unnecessary visitsfor low-risk patients consume health
careresourcesthat could be applied morejudiciously to women
with higher-risk pregnancies. However, despite these
recommendations, the standard model of prenatal care with
high-frequency visits has persisted. Almost a third of low-risk
women receive more visits than recommended by the American
College of Obstetricians and Gynecologists (ACOG) [7]. The
barriers cited by providers for not reducing visits for low-risk
pregnancies include the following: concern about decreased
patient satisfaction, need for frequent weight and blood pressure
monitoring, and concern about reduced transmission of
educational information regarding health and lifestyle choices

during pregnancy.
Goal of This Study

The primary objective of this study wasto determineif amobile
prenatal care app facilitates a reduced in-person prenatal care
visit schedule while maintaining patient and provider
satisfaction. Mobile health apps have the potential to address
many of the perceived barriers to reducing in-person visits [8].
The application of mobile phone technology has been shown
toimprove disease management for diabetes self-care activities,
HIV infection medication adherence, and sickle cell anemia
medication adherence [9-11]. We hypothesize that a similar
approach using amobile app and connected monitoring devices
may also be beneficial to manage prenatal care. A pilot trial
with 8 patients was performed. This trial ensured the platform
and devices functioned appropriately, any blood pressure and
weight triggers were identified and managed, a reduced visit
schedule was achieved on a small scale, and the platform was
satisfactory to patients. The feedback from the pilot guided this
investigation [12].

https://mhealth.jmir.org/2019/5/€10520/

Study Design

This pragmatic controlled trial compared an experimental group
that received a mobile app for prenatal care and an integrated
Wi-Fi-connected blood pressure and weight scale with acontrol
group that received usua care. Institutional Review Board (IRB)
approval has been obtained from the George Washington
University (GWU) IRB (IRB#: 015422).

Study Setting

The educational components and clinical triggers were
developed and refined at GWU in Washington, DC, United
States, working in conjunction with a local mobile health
technology firm 1EQ and their product Babyscripts [13]. The
clinical trial occurredin 2 obstetric (OB) and gynecology (GY N)
officesin the United States: onein downtown Washington, DC,
and onein suburban Maryland. Prenatal careis provided at both
locations by OB and GYN physicians and nurse midwives.
Low-risk women are cared for by obstetrician-gynecologists at
both locations, and al deliveriestake place at the GWU hospital
in Washington, DC. Enrollment occurred between July 2015
and March 2016.

Inclusion and Exclusion Criteria

Eligible participants were women aged between 18 and 40 years,
presenting for afirst trimester (up to 13 weeks gestational age)
verification of pregnancy or new OB visit, and who were
considered low-risk. Low-risk was defined as a singleton
pregnancy with no previousdiagnosis of essential hypertension,
diabetes, rena disease, collagen vascular disease, maternal
substance abuse, or other previousy documented condition
posing ahigh risk of poor pregnancy outcome. Dropout criteria
for the study included the antepartum diagnosis of fetal
abnormalities, placenta previa, intrauterine growth restriction,
preghancy-induced hypertension, gestational diabetes, or
premature rupture of membranes. (Multimedia Appendix 1)
Participants were al so required to regularly use amobile phone
and be fluent in English.

Allocation

Allocation into the experimental group versusthe control group
was based on the operating system of the patient’s maobile phone.
Patients with iOS-based mobile phones (ie, iPhones) were
allocated to the experimental group; patients with Android or
Windows operating systemswere allocated to the control group.
This allocation system was chosen as apractical solution to the
challenges of randomization and blinding. In addition, the app
had yet to be developed on the Android platform. Allocation
was concealed until after consent was obtained.
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Table 1. Sample alternative prenatal care schedules.

Marko et al

Schedule NewOB2  Week number Total visits
visit 16 20 24 28 30 32 34 3 37 38 39 40

Traditional prenatal care 1 1 1 1 1 1 1 1 1 1 1 1 1 13

schedule (1=visit)

Babyscripts prenatal care 1 1 0 1 1 0 1 0 1 0 1 1 1 9

schedule (0=no visit, 1=visit)

30B: obstetric.

Study Arms

Participants who were assigned to the experimental group were
instructed to download the mobile app and set up the connected
monitoring devices at the time of enrollment. Participants
incurred no additional costs for the app or connected devices.
Participants allocated to the control arm were not given access
to the mobile app. The experimental group was also placed on
an dternative prenatal care schedule of 8 expected visits as
compared with the typical 12-14 expected visits in the control
group (Table 1). The experimental visit schedule was based on
the Department of Defense-Veterans Affairs Uncomplicated
Pregnancy Guidelines [14]. For all participants, prenatal care
met established guidelinesfor the management of uncomplicated
pregnancies.

Data Collection

Patient demographics were obtained by self-report at the time
of enrollment. Detailed patient characteristics were also
collected at the time of enrollment, including age, race,
insurance status, and ethnicity. The primary outcome of the
study was the number of in-person prenatal care visits as
assessed by patient chart review. As a secondary outcome, all
patients were evaluated for satisfaction with their prenatal care
experience and pregnancy outcomes. (Multimedia Appendix 2)
Patient satisfaction surveys were administered to participants
at gestational weeks 16, 20, 25, 30, and 35 and 2 weeks
postpartum. Satisfaction survey consisted of 16 questionsusing
a 4-point Likert scale modified from the hospital consumer
assessment of health care providers and systems survey
instrument [15] In addition, 6 questions specific to the
Babyscripts platform were submitted to participants in the
experimental group. Participants who completed all 6 surveys
and responded to all related questionnaires were compensated
with a US$20 Amazon gift card at completion of the study. An
additional secondary outcome was obtained via a chart review
for significant clinical outcomes—preeclampsia, eclampsia,
neonatal intensive care unit admissions, stillbirth, neonatal
mortality, other serious outcome per investigator judgment, and
route of delivery including cesarean delivery rate. Chart reviews
were completed using trained abstractors with defined data
collection sheets.

Statistical Analysis

We compared outcomes between study arms using t tests for
continuous outcomes and chi-square tests for dichotomous
outcomes. For differencesin the baseline characteristics between

https://mhealth.jmir.org/2019/5/€10520/

the 2 study groups, we used a hierarchical generalized logistic
or linear regression model that includes an indicator for the
study arm. We conducted descriptive heterogeneity of treatment
effect analyses by age, gender, race/ethnicity, and highest
attained maternal education level.

Description of M obile App

The Babyscripts app was designed with 2 mgjor goals: (1) to
deliver educational content viaamobile app and (2) to remotely
monitor blood pressure and weight. The educational content
was based upon ACOG standards and refined by a committee
of 4 board-certified obstetricians at the GWU School of
Medicine. Input from avariety of other stakeholdersincluding
patients, midwives, and administrators was also obtained. The
mobile app sends educational content to the expectant mother
at gestation-appropriate times throughout the pregnancy. This
information encompasses material covering pregnancy
progression; preexisting risk hazards such as alcohol intake,
smoking, or drug abuse; advice to address these risk hazards;
dietary and nutritional content; breastfeeding information;
guidelines for appropriate weight gain; and warning signs for
pregnancy complications. In addition, the app integrates with
aWi-Fi-connected scale and blood pressure cuff to provide both
feedback and alerts depending on the readings. The alerts were
created to provide early warningsto patients and providers about
aberrant data points with the hope of providing early detection
of hypertensive disorders of pregnancy and abnormal weight
gain, indicating an increased risk of gestational diabetes,
nutritional deficiency, or edema associated with preeclampsia.

Results

User Statistics

A total of 181 women met the inclusion criteria and were
screened for enrollment. Of those, 118 met screening criteria
and agreed to participate. Furthermore, 60 women were allocated
to the experimental group and 58 women were allocated to the
control group (Figure 1). Of those, 13 participants in the
experimental group and 17 in the control group discontinued
involvement in the study because they transferred care (n=11),
developed high-risk characteristics (n=7), experienced a
miscarriage (n=5), requested to no longer participate (n=2), or
other reasons (n=5). Ultimately, 47 participants in the
experimental group and 41 in the control group were retained
in the study until completion and were analyzed. There was no
significant difference in baseline characteristics (Table 2).
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Figurel. CONSORT flow diagram.

Assessed for eligibility: positive pregnancy,
[ Enroliment J gestational age <14 weeks, not high risk
(n=181)
Declined to participate (n=36)
Intended to move address (n=4)
» Intended to use midwife care (n=15)
Non-English speaking (n=1)
Intended to terminate pregnancy (n=7)
Randomized (n=118)
y [ Allocation ] L4
Allocated to intervention (n=60) ‘ ‘ Allocated to standard care (n=58)
[ Follow-Up ] L 4
L8 v
Discontinued intervention (transfer of care, Discontinued intervention (transfer of care,
became high-risk, miscarriage, refused), became high-risk, miscarriage, refused),
(n=13) (n=17)
v [ Analysis 1 v
S J
Analysed (n=47) ‘ ‘ Analysed (n=41)
Table 2. Patient characteristics and number of visits per group.
Characteristics Babyscripts (n=47) Standard care (n=41)
Age at screening (years), mean (SD) 33.0(3.3) 32232
Body mass index at screening?®, mean, kg/m2, (SD) 229(32) 24.9 (4.0)
African-American, n (%) 14 (30) 13(32)
Hispanic, n (%) 3(6) 3(7)
College graduate, n (%) 45 (96) 36 (88)
Gravidity per patient, n (%)
One 25 (53) 22 (53)
Greater than one 22 (47) 19 (46)
Parity per patient, n (%)
Zero 30 (64) 25 (61)
Greater than one 17 (36) 16 (39)
Number of in-person prenatal care visits®, mean (SD) 7.9(1.8) 102(1.8)
8P<.001.

Evaluation Outcomes

several intervals demonstrated no difference in satisfaction
between the experimental and control group. Satisfaction scores

The experimental group had significantly fewer prenatal care were aggregated for al 16 questions that were asked to
visits (7.9 visits) than patients in the control group (10.2 visits;  participantsin both the control and experimental groups at each
P=.01 Table 2; Figure 2). Patient satisfaction measured over  time point during gestation. For data visualization, the scores
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were normalized from 0 to 1 and then compared for statistical
differences at each time point. Provider surveys demonstrated
aggregate scores demonstrating highly perceived quality and
satisfaction with the virtual care platform. There was no
statistical differencein patient satisfaction (P>.05) or provider
satisfaction (P>.05) in either group (Figure 3).

Although maternal and fetal outcomes were tracked, the study
was not powered to demonstrate the effect of the virtual care

Marko et al

platform on maternal or fetal outcomes. Weidentified 1 adverse
fetal event of stillbirth at 38 weeks gestation. Investigation of
the case revedled that the patient had an uncomplicated
pregnancy and was compliant with the prenatal care schedule
of the experimental group. Her obstetrician saw her in person
within 3 days of the fetal demise at which time normal fetal
movement and fetal heart tones were identified. Workup
revealed a likely fetal-maternal hemorrhage unrelated to the
study protocol.

Figure 2. Total number of prenatal clinical visits per group. Babyscripts (Brx) versus controls. P value is based on Wilcoxon ranked-sum test.
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Figure 3. Survey data for patient satisfaction with overall prenatal care between Babyscripts (Brx) and control groups. For each time point, Brx and
control patients are given asurvey. The total numeric scores for all questions at that time point is calculated. All numeric scores are then normalized to
1 to standardize between different numbers of survey questions. SOC: standard of care.

Discussion

Principal Findings

Pregnant women represent a promising target for digital health
apps. Unlike digital health apps that target chronicaly ill or
elderly populations, pregnant women are a young and healthy
population. A mobile health app that targets pregnant women
may facilitate the integration of prenatal care into other aspects
of their family and professional life. In addition, pregnancy is
a unique period of life when healthy behaviors including
exercise, diet, and sleep take on greater importance. As such,
women are highly engaged with their health care decisions

https://mhealth.jmir.org/2019/5/€10520/
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RenderX

during pregnancy and may be more receptive to educational
programs that can be delivered through a mobile health app.
Finally, the majority of prenatal care visits are scheduled to
exchange educational information with the patient or weight
and blood pressure data with the provider. Both of these
exchanges are especialy amenableto communication viamobile
technology or remote monitors. Ultimately, the app does not
replace in-person visits but may replace some of the current
activities that occur at each visit. If the app can communicate
basic educational components of prenatal care, the in-person
visits may alow for more individualized discussions.
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As part of this study, several important elements emerged as
critical to the success of a mobile prenatal care app. First, the
initial assessment is critical to identifying high-risk versus
normal-risk on initial assessment; second, accurate
communication of patient data to the provider is necessary to
assess early signsof pregnancy complications; third, educational
information must be provided at the appropriate time during
pregnancy; fourth, educational information should be targeted
toindividual patient (eg, not all women need regular reminders
about the importance of smoking cessation); and fifth, a clear
explanation that the role of the maobile app is to augment and
not replace the obstetrician or midwife.

Limitations

There are severa limitations to our study. First, the use of a
guasi-randomization scheme where participants were all ocated
by type of phone creates potential confounders, asit ispossible
that iOS users differ from non-iOS users. However, there was
no significant difference in age, race, education level, gravity,
or parity between the cohorts. We did not collect data on
differences in household income, a possible confounder. The
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second risk concerns the possibility of contamination across
groups. It ispossiblethat by reducing visitsin the experimental
group, physicians were more likely to reduce the visits in all
patients. However, given there was a statistically significant
difference in visit schedule, this was unlikely to confound this
cohort. Third, the mobile prenatal care app was prescribed as
part of the reduced care schedule, and it is unknown if areduced
care schedule might have been effective without the mobile care
app or with a different solution. Finally, we have limited
information regarding emergency visits or phone callsthat may
have occurred outside of the chart review or the direct patient
calls. It ispossible that there were some therapeutic interactions
missed in both the control and experimental group.

Conclusions

In conclusion, satisfaction was unchanged and visits were
reduced through the use of the prenatal mobile care app,
Babyscripts. Future studies will ook for predictors of adverse
clinica outcomes in a variety of populations in hopes of
mitigating risk of adverse events.
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Abstract

Background: Healthinsurersand policymakers are trying to prevent and reduce cardiovascular diseases dueto obesity. A smart
belt that monitors activity and waist circumference is anew concept for conquering obesity and may be apromising new strategy
for health insurers and policymakers.

Objective: Thispreiminary study evaluated whether the use of asmart belt was associated with adecrease in waist circumference.

Methods: In the manufacturer’s database, there were data on a total of 427 men at baseline. A total of 223, 81, and 27 users
kept using the smart belt for 4, 8, and 12 weeks, respectively. Paired t tests and repeated measures analysis of variance (ANOVA)
were used to identify the change in waist circumference at specified time intervals (at 4, 8, and 12 weeks). In addition, alinear
mixed model was used to incorporate all users' waist circumference data at each time point. Preexisting data on waist circumference
and self-reported demographics were obtained from the manufacturer of the smart belt (WELT Corporation, South Korea).

Results:. Compared with baseline, the waist circumference (cm) decreased significantly at al time points. —0.270 for week 4,
—0.761 for week 8, and —1.972 for week 12 (all P<.01). Although each paired t test had a different sample size because of loss
to follow-up, the differences between baseline and each subsequent week increased. Equal continuous reduction in waist
circumference was observed with the ANOVA and mixed model analysis (beta=—0.158 every week).

Conclusions: The smart belt is a newly developed, wearable device that measures real-time steps, sedentary time, and waist
circumference. In this study, we showed that wearing the smart belt was associated with reducing waist circumference over 12
weeks. This direct-to-consumer smart health device may contribute toward reducing the risk of obesity and related conditions
and controlling increasing health costs for health insurers.

(JMIR Mhealth Uhealth 2019;7(5):€10737) doi:10.2196/10737

KEYWORDS

smart health care; wearable device; obesity; internet of things, mHealth; digital health care; lifestyle modification; metabolic
syndrome

Introduction Organization, of the 56.4 million global deaths in 2015, 39.5

million (70%) were due to NCDs [4]. Currently, the burden of
Noncommunicable diseases (NCDs) are one of the leading NCDsisgrowing faster than our ahility to combat them becatise
causes of death worldwide[1-3]. According tothe World Health  ©f the obesity epidemic [5-7]. In the United States, the
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percentage of the national medical expenditures devoted to
treating obesity-related illness in adults increased from 6.13%
in 2001 to 7.91% in 2015 [8].

Dueto achangeto aWestern lifestyle, including a high-calorie
diet, and the aging society in Korea, the epidemiology of NCDs
in Koreahas dramatically risen. According to national statistics,
the age-adjusted prevalencerate of metabolic syndromein Korea
has increased from 21.6% in 2007 to 26.5% in 2015 among
men, whereas there has been dlight decrease among women
from 20.3% to 17.6% during the same period [9]. Based on
forecasting model sincluding these variables, the 2020 and 2030
estimates for obesity prevalence in Koreaare 47% and 62% for
men and 32% and 37% for women, respectively [10]. Therefore,
it is necessary to control unhealthy lifestylesin Korea.

Several insurers and health policymakers have attempted to
prevent NCDs and their related lifestyles [11-13]. However,
changing lifestyles to prevent NCDs is not easy. Thus, new
conceptsto conquer NCDs have been introduced and are being
tested. For example, the Centers for Disease Control and
Prevention (CDC) approved some digital health programs as
part of the National Diabetes Prevention Program. Diabetes can
be controlled and prevented by lifestyle modification. Therefore,
a key part of the National Diabetes Prevention Program is the
lifestyle change program, which aims to prevent or delay type
2 diabetes [14,15]. The CDC recognizes lifestyle change
programs that meet certain standards and show that they can
achieveresults. These standardsinclude following an approved
curriculum, being facilitated by a trained lifestyle coach, and
submitting data each year to show that the program has had an

Figurel. The WELT smart belt and mobile phone app.
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impact. However, only afew wearable devices included in the
programs satisfy these standards. In addition, most of them
measure daily activities and self-reported diet and body mass
index (BMI) [16].

The WELT smart belt was launched in 2016 by the WELT
Corporation, which is a health care technology company. The
smart belt lookslikeanormal belt but can monitor awiderange
of health data using a mobile phone app. It can measure an
individual’s waist circumference, overeating habits, number of
steps, and sedentary time with the tracking technology stored
in the belt buckle (see the image in Figure 1) to help improve
the individual’s health and the effectiveness and the efficiency
of the health care system [17]. From the collected information,
the device provides users with their daily activity score
categorized into three groups: best, good, and poor. All real-time
information is presented on a mobile phone app, and
comparisons between daily activities and the previous days
activitiesare possible. However, the deviceincludes no feedback
or notification that encourages exercise or warns of overeating.

This preliminary study aims to evaluate whether the waist
circumference of smart belt users decreased with use. Moreover,
this device has a distinct measurement approach, which other
smart devices do not have. The waist circumferences can be
measured every 30 minutes, 24 hours per day, and these
measurements are saved into a database as a longitudinal
concept. Thus, to the best of our knowledge about the smart
belt, and because none of the previous studies have shown this
type of user waist data from the smart wearable device,
evaluating its effectiveness is necessary.
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Methods

Study Population and Variables

This study included smart belt users who downloaded the app
on their mobile phones and provided information on their
weight, height, and age. When they downloaded the app, the
WELT cooptation asked them to monitor their health variables
without identification. The app measures the waist
circumference of the user wearing the smart belt at 30-minute
intervals and provides information on waist circumference,
steps, and sedentary time. Preexisting data were obtained from
the WELT Corporation from July 2016. A total of 451 male
users were registered in the database initially, and 24 who had
missing values or were outliers for height, weight, and initial
waist circumference were excluded (Figure 2). This study was
approved by theinstitutional review board at Yonsei University
in Korea (approval number: Y 2018-0264-001).

Lee & Shin

In the database, 504 subjects were registered initially, and we
excluded 77 who were female (n=53), missing data (n=10), or
outliersin height, weight, and initial waist circumference (n=14).
Finally, we obtained a total number of 427 users' data.

The daily and weekly waist circumferences (cm) of the users
were calculated using an average value of the waist
circumference data measured every 30 minutes (Figure 3). If a
person did not wear the smart belt, the circumference was
recorded asamissing valuein our dataset. Therefore, we knew
when the users started to wear the smart belt and when they
took it off. The waist circumference measurements were
obtained when it was worn. We calculated the average waist
circumferences without missing values. The average waist
circumference after the first week of wearing the smart belt and
using the app was considered the baseline measurement. This
study reports the waist circumference of users during the first
12 weeks of using the smart belt.

Figure 2. Flowchart for study participants. Preexisting data were obtained from the WELT Corporation. BMI: body mass index.
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Figure 3. Calculations of daily and weekly waist circumferences. The first week was the baseline measure.
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Statistical Analysis

From the 427 user datasets, descriptive statistics were cal cul ated
for the users baseline characteristics, and follow-up waist
circumference measurements were reported as means with
standard deviations. Therewerelossesto follow-up on wearing
time; thus, the sample size decreased at 12 weeks compared
with baseline.

A paired t test is generaly performed to compare different
conditions among the same subjects; this approach has been
used elsawhere in public health research [18]. In this study, a
paired t test was performed to identify the change in waist
circumference between baseline and each follow-up week for
the same subjects.

http://mhealth.jmir.org/2019/5/€10737/

RenderX

00:00 00:30 23:30 00:00 00:30

As a multivariate approach, a repeated measures analysis of
variance (ANOVA), used to distinguish the influence of time
on waist circumference change [19], was used to identify the
change in waist circumference by considering time intervals.
We used the following time intervals: every week, biweekly,
and at 4-week intervals. Although this method extracts the
contribution of subjectsfrom the error term, some subjectswere
excluded fromtheentire analysisif the valuesfor even onetime
point were missing.

A linear mixed model analysis, which incorporated all subjects
waist circumference data at each time point, was conducted. A
linear mixed model was used to identify thetrend of the findings
of previous public health studiesby Xu [20], De Oniset al [21],
and Brodersen et d [22]. Thefollowing model swere considered:
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using only week time (model 1), using week time and BMI
(model 2), and using adjusted time and baseline variables (model
3). Model 3 consisted of covariatesfrom model 2 aswell asage
and wearing time (days) as an adjustment and attachment,
respectively.

Based on the duration of continuous smart belt use, the users
were divided into three groups: initial only (used the belt in the
first week), passive users (used the belt between 2 and 5 weeks),
and active users (used the belt for more than 5 weeks). ANOVA
was used to compare the demographic characteristicsand initial
waist circumference of the three groups. Significancetestswere
two-sided, with the significance level set at .05. Multiple
comparison problems were not considered because thiswas an
observational study and our purpose was to identify the trend
in waist circumference change in subjects who wore the smart
belt. All statistical analyses were performed using SAS 9.4
software (SAS Institute Inc, Cary, NC, USA).

Results

Table 1 shows the descriptive characteristics of the smart belt
users. To calculate statistics, we divided the followed-up users
as (1) all cases, (2) completed users up to the first 4 weeks, (3)
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completed usersup to thefirst 8 weeks, and (4) completed users
up to 12 weeks. For example, if one user dropped out at week
6, data from that user was used for “up to 4 weeks’ but not “up
to 8 weeks’ or later. From the demographics, the population
was representative of Korean, middle-aged, male, obese office
workers based on age, weight, height, and BMI.

Average waist circumference decreased a mean 0.158 (SD
0.043) cm every week from baseline to the last followed-up
week (Figure 4). To compare each week with the baseline, a
paired t test was conducted. Since users who abnormally
increased or decreased their waist size could be outliers, we
excluded those outliers with a cutoff of 3 standard deviations
from the mean for each comparison. Mean wai st circumference
decreased at all time points (all weeks) compared to the baseline
measurement, with P valuesfor the difference between baseline
and each time point of P<.05 except for weeks 2 and 5 (Figure
5). Although each paired t test had a different sample size
because of the loss to follow-up, the magnitude of difference
between the baseline value and the value at each subsegquent
week until the final follow-up week increased (Figure 5). With
the decreasing trend of waist size in Figure 5, the increment of
waist size at week 7 in Figure 4 could be caused by outliers
with cutoffs 3 standard deviations from the mean.

Table 1. Descriptive statistics of smart belt users. Except for waist circumference, other characteristics, including age, weight, height, and body mass
index (BM1I), were self-reported at baseline when the user first started using the app.

Characteristic All (N=427), mean (SD)  Used up to 4 weeks, Used up to 8 weeks, Used up to 12 weeks,
(n=223), mean (SD) (n=81), mean (SD) (n=27), mean (SD)

Age (years) 42.29 (11.83) 44.45 (12.35) 45.17 (12.62) 43.11 (12.97)
Weight (kg) 79.80 (12.86) 79.65 (12.72) 78.65 (13.06) 75.07 (12.19)
Height (m) 1.75 (0.07) 1.74(0.07) 1.75 (0.08) 1.72 (0.07)
BMI (kg/m?) 25.89 (3.47) 25.96 (3.38) 25.54 (3.48) 25.25 (3.40)
Waist (cm)

Week 1 (n=427) 89.64 (9.04) 89.38 (8.79) 89.41 (8.71) 80.79 (7.29)

Week 2 (n=303) 89.46 (9.19) 89.48 (8.94) 89.46 (8.66) 89.66 (7.95)

Week 3 (n=276) 89.48 (9.04) 89.28 (8.99) 80.31 (8.64) 80.43 (7.87)

Week 4 (n=239) 89.43 (9.04) 89.23 (9.04) 89.18 (8.76) 89.48 (7.77)

Week 5 (n=195) 89.20 (9.07) 88.85 (9.09) 80.23 (7.82)

Week 6 (n=165) 89.51 (8.71) 89.20 (8.71) 89.03 (7.95)

Week 7 (n=146) 89.94 (8.33) 88.65 (8.92) 87.86 (8.76)

Week 8 (n=134) 88.98 (9.22) 88.37 (9.19) 87.55 (9.14)

Week 9 (n=103) 87.88 (8.97) 87.60 (8.97)

Week 10 (n=94) 88.72 (8.81) 87.48 (9.09)

Week 11 (n=74) 87.53 (9.83) 87.10 (9.63)

Week 12 (n=55) 88.32 (9.27) 86.89 (9.68)
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Figure4. Trend of waist circumference by week. The blue solid line is the mean value of the waist size for each week; the orange lineisalinear trend

of the waist size by week.
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Change in waist circumference was analyzed using repeated
measures ANOVA. We considered three models at different
timeintervals (Table 2). Model 1 shows that the differencesin
waist circumference at weeks 2, 3, and 4 were mean—0.157 (SD
1.260), mean —0.254 (SD 1.364), and mean —0.325 (SD 1.816)
cm, respectively. The differences decreased by week. In the
case of model 3 as a four-week interval, decreasing waist
circumference was more distinct; there was an average decrease
of 1.435 (SD 4.442) cm between baseline and week 12. Since
the objective wasto compare each week asagroup, weincluded
all usersin which they wore the smart belt each week and the
data were recorded, even though they may not have followed
up at al time points. Although Table 1 shows the completed
users (eg, the 27 users for “used up to 12 weeks’ means that
they completely followed up), we used userswho werefollowed
up at weeks 1, 4, 8, and 12 in the repeated measures ANOVA.
Thus, the number of users could be different. Although each
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model had a different sample size because of lossto follow-up,
all three models showed a P value less than .05 under the null
hypothesisthat the differences of the waist circumferencewould
not differ for each week compared to baseline. Thus, all three
models had a datistically significant change in waist
circumference, with the mean waist circumference decreasing
by week.

Repeated measures ANOVA could be used to determine the
change in waist circumference; however, in this study, only the
dataof userswith completeinformation at the measuring points
(ie, 4, 8, and 12 weeks) were included. Thus, an additional
analysisthat incorporated all the observed wai st circumferences
was necessary to identify overall waist circumference reduction.
Table 3 shows the results of the linear mixed model using all
datasets. The results show a decrease in waist circumference
regardless of adjustments.
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Table 2. Differencesin waist circumference using repeated ANOVA for three models.2

Model Difference from baseline, P value Cohen f
mean(SD)

Model 1. weeks 1, 2, 3, 4 (n=215) .002 0.1532

Week 2 -0.157 (1.260)

Week 3 -0.254 (1.364)

Week 4 -0.325 (1.816)
Model 2: weeks 1, 2, 4, 8 (n=111) .003 0.2065

Week 2 -0.157 (1.260)

Week 4 -0.254 (1.364)

Week 8 -0.325 (1.816)
Model 3: weeks 1, 4, 8, 12 (n=41) .03 0.2744

Week 4 -0.173 (1.402)

Week 8 -0.762 (3.584)

Week 12 —1.435 (4.442)

@ Note that each model has a different sample size due to loss at follow-up.
Table 3. Adjusted models for waist circumference using the linear mixed model.2
Variable Model 1 Model 2 Model 3
Estimate  Standard error P vaue Estimate  Standard error P value Estimate  Standarderror P value

Intercept 89.939 0.442 <.001 64.302 3.018 <.001 63.455 3.381 <.001
Week -0.142 0.026 <.001 -0.141 0.026 <.001 -0.143 0.026 <.001
BMIP 0.990 0.116 <.001 0.999 0.116 <001
Age 0.006 0.034 .87
Wearing period 0.008 0.010 .39
(days)

8Change in waist circumference was analyzed through repeated ANOVA using three models with different time intervals. Note that each model had a

different sample size because they had aloss to follow-up.
bBMmI: body mass index.

We also investigated users who used the smart belt for as long
as possible. Here, ANOVA was used to compare the following
three groups to investigate the difference in characteristics:
initial only, passive users, and active users (Multimedia
Appendix 1). Therewere no statistically significant differences
in BMI and waist circumference at baseline, but the group of
active users was older than the other groups (age variable was
the only significant variable).

Discussion

In our study, waist circumference tended to decrease among
smart belt users. Inthe paired t test analysis, the userswho wore
it longer had greater reductions in waist circumference. The
same trend was also found using the linear mixed models. A
reduction in waist circumference was observed after each week
of device use.

The recent Patient Protection and Affordable Care Act has
incentivized physical activity counseling by primary care
physicians, which may increasingly affect not only physicians

http://mhealth.jmir.org/2019/5/€10737/
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but al so health insurers and accountabl e care organizations. The
insurerswant to monitor the health behaviors of theinsured and
to predict the risky health outcomes. Therefore, it is necessary
to evaluate the efficiency of newly developed wearable smart
health devices and determine how these devices can improve
health outcomes.

Variousinsurers and health-related companies are tapping into
wearable technology for their customers to help them stay in
shape and to offer their customers wellness discounts and other
benefits if they meet a required number of fitness goals
[17,23-25]. For example, health insurance start-up provider
Oscar provides their customers with a Misfit fitness band to
track their physical movements and day-to-day activities—it
even monitors the users' sleep. Based on these data, customers
are rewarded once they meet their fitness goals [24].
UnitedHealthcare and Fitbit reward their users with up to US
$1500 for activities completed using their device [23]. The
companies can track their enrollees’ physical activity and
monitor their diet; therefore, they can provide appropriate
feedback through personalized wellness programs. Optimal

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 5 |€10737 | p.156
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Health's program differs dightly regarding the incentives
because the total reward is paid out incrementaly as the
participants complete each of the four steps in the challenge,
which includes downl oading the app and compl eting apersonal
health assessment questionnaire, tracking nutrition, wearing the
devices, and doing physical activity [23]. Another major health
insurance provider, Humana, also provides a 10% annual
premium discount to their membersif they use fitness tracking
devices[23].

Cadmus-Bertram et al [26] performed randomized trials of a
Fitbit-based physical activity intervention with 51 inactive
postmenopausal women with a BMI greater than 25.0 kg/m?
for 16 weeks. Fithit devices and app-based weight control
serviceswere provided to 21 participantsin the treatment group
(mobile phone app plus Fitbit), whereas the control group used
simple pedometers (Fitbit). The participants were encouraged
to perform physical activity. The treatment group showed an
improvement in moderate-to-vigorous physical activity at 16
weeks compared to those at baseline. However, no statistically
significant differencein physical activity between the treatment
and control groups was observed.

Jakicic et a [27] compared a standard behavioral weight loss
intervention (n=233) and a technol ogy-enhanced weight loss
intervention (n=237). The technology-enhanced weight loss
intervention group was equipped with commercialy available
wearable devices, which included Web interface technology.
No significant difference between the two groups at 24 months
was observed. In these well-designed randomized controlled
trials, no reduction in body weight between the group using
smart devices and the control group was observed.

According to a systematic review of 22 studies consisting of
16,476 and 14,475 participants in the intervention and control
groups, respectively [28], Web-based physical activity
interventions had a significantly positive effect on increasing
physical activity and daily walking steps among the general
population at theinitial stage. However, the effect appeared to
depend on the design of the study, age of the participants, and
duration of the study.

Although controversies regarding the effectiveness and
efficiency of smart health devices exist, we believe that our
results provide scientific evidence for the effectiveness of the
smart belt. Most of the usersin our study were obese (BMI >25

kg/m?), middleaged Korean males. Korea has the
second-longest working hours according to the Organization
for Economic Co-operation and Development (OECD); on
average, Koreans work 393 more hours per year than their
counterpartsin the OECD [29]. Their length of working hours
is approximately 1.6 times that of Dutch workers. Thus,
exercising regularly isnot easy for middle-aged Korean workers.
As they may need to check their daily activities and increase
them, they would most likely purchase a smart belt for
themselves or receive it as a gift from someone, which in turn
provides motivation for the smart belt usersto lose weight. We
could assume that this motivation may be greater in more obese
users. Moreover, on the basis of our baseline results, active
userswho continued to use the smart belt for more than 5 weeks
were older than other users. Older people might have more
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medical conditions and therefore be more interested in their
health status, which may explain the high retention in this age

group.

However, we still had a fundamental question about the
reduction in waist circumference without specific intervention
in this study. We speculated that wearing a smart belt device
would have a positive effect on one's health behaviors. Choi et
al [30] investigated a 12-week mobile health (mHealth) physical
activity intervention for feasibility and potential efficacy. Thirty
pregnant women were randomized to either the intervention
(mobilephone app plusdigital intervention program) or control
(digital intervention program alone) group. The difference in
weekly mean steps per day was not statistically significant
between the groups, which could be because the active control
condition (included the use of awearable activity monitor and
final goal steps that were similar to those in the intervention
group) may itself have had substantial effects. Even though
there is no study on the smart belt, we assume that wearing
smart devices including the smart belt possibly motivates users
to reduce their waist circumference.

Thenumber of stepstaken isagood indicator of anindividuals
sedentary level; this information will provide more details on
the characteristics of peoplewho use asmart belt. Although we
did not include the results for step count in this study, the mean
steps per hour while wearing the device increased over time
(see Multimedia Appendix 2). For example, the differencesin
the mean steps per hour from baselineto weeks 2, 4, and 8 were
220.6, 541.7, and 862.9, respectively. Therefore, it seems that
participants in this study had increased activity levels during
the 12-week period of observation.

This study has severa limitations. First, there was no control
group in this study. Therefore, the study participants were
motivated individuals who were interested in trying a novel
product to help with a lifestyle change such as weight loss.
Hence, future studies need to include participants who do not
wear the smart belt as a comparison control group. Second,
some important variables may have been omitted (for example,
regular exercise hoursor health conditionsthat may affect daily
activity). Inthis study, we used only the data collected from the
wearable device and self-reported data; that is, this cohort could
be more self-driven and determined to change their behavior or
lifestyle to lose weight compared to the general population.
Thus, thiscohort might al so seek other weight lossinterventions,
such as an exercise program, which could contribute as
confounding factors during the period of using the smart belt.
However, those confounding factors also have somelimitations
in this study; for example, it is uncommon for a waist belt to
be worn with sports attire or active wear when users exercise.
Since it might be unclear whether participants wore the smart
belt all day long, including when they exercised, further research
collecting more accurate data on physical activity levels from
users is necessary. Third, the retention rate was low. In our
study, the follow-up status of the users depended on their usage
of the smart belt. Therefore, our results may be applied mainly
to active smart belt users. Moreover, it islimited that there are
different characteristics of how long the smart belt was used
continuously among participants. Fourth, we have to be careful
about reverse causation. Therelativelong-term smart belt users

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 5 [e10737 | p.157
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

may have higher unmeasured motivation to reduce waist
circumference. However, we were unable to measure the amount
of motivation in this study. Thus, acomprehensive measurement
of the motivation to decrease waist circumference would be a
potential strength in future studies.

Our study also has strengths compared with previous research.
Although this study isinsufficient to fully validate the effect of
the smart belt due to flaws in study design and unmeasured
confounding factors, to our knowledge no other studies have
reported on the smart belt and its effectiveness. Through this
observational study, we examined the association between a
new smart wearable belt device and a reduction in waist
circumference. Lastly, the smart belt could be used daily by
male workers in Korea. Since a dress code is important in the
strict and conservative organizational culture in Korea [31],
most male employeesin Korea usually wear the belt during the
weekdays. Therefore, we expect that the smart belt would not
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involve having to remember to wear an additional device
because amost everyonein this demographic hasto wear abelt

A smart belt isanewly devel oped wearabl e device that measures
real-time steps, sedentary time, and waist circumference. In our
study, we showed the smart belt may have an association with
a reduction in waist circumference among users through the
various quantitative approachesin an observational study. Based
on thisresult, further studiesincluding other confounding factors
(eg, changein lifestyle habits and health programs) and a control
group to make comparisons should be considered. Therefore,
the benefit of this research is that it may be used as the
foundation for future related studies. This direct-to-consumer
smart health device may contribute toward reducing therisk for
NCDs and controlling the increasing health costs for health
insurers, but arandomized controlled trial isnecessary to further
measure its effectiveness.
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Comparing the baseline characteristics among the three groups.
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Abstract

Background: The Ten Top Tips (10TT) is an intervention based on the habit formation theory that promotes a set of weight
management behaviors alongside advice about repetition in a consistent context. Overall, 3 studies have demonstrated that the
10TT can support individuals to lose weight when delivered in aleaflet format. Delivery of 10TT via new technology such asa
mobile app could potentially improve its effectiveness and make it more convenient, appealing, and wide reaching.

Objective: Thisstudy aimed to provide preliminary indications of the usage, effectiveness, and acceptability of an Android app
of the 10TT intervention (Top Tips only app) and a second version including self-regulatory strategies for dealing with tempting
foods (Top Tips plus app).

Methods: The 3-month pilot randomized adults with overweight or obesity to (1) Top Tips only app, (2) Top Tips plus app, or
(3) waiting list condition. Automated data from app users were collected. Validated questionnaires assessed self-regulatory skills,
weight loss (kg), and behaviors at baseline and 3 months. Users' feedback on their experience using the app was assessed using
open questions.

Results: A total of 81 participants took part in the pilot; 28 participants were randomized to the Top Tips only app, 27 to the
Top Tips plus app, and 26 to the waiting list condition. On average, participants viewed a mean of 43.4 (SD 66.9) screens during
amean of 24.5 (SD 44.07) log-ins and used the app for 124.2 (SD 240.2) min over the 3-month period. Participants randomized
to the Top Tips only app reported the greatest improvement in self-regulatory skills (mean 0.59, SD 1.0), weight loss (mean 4.5
kg, SD 5.2), and adherence to the target behaviors (mean 0.59, SD 0.49) compared with the Top Tips plus (Meangys.requiation 0-15,
SD 0.42; mean, gy —1.9, SD 3.9; and meanygnaiors 0-29, SD 0.29) and waiting list condition (Meang.reguiaion ~0-02, SD 0.29;
mean,egnt ~0.01, SD 0.51; and MeaN,gayiors 0-08, SD 0.38). Participants who reported the largest improvements, on average,
viewed pages 2 to 3 times more, had 2 to 3 times more log-ins, logged their weight 2 to 3 times more, and achieved the tips more
than those who reported smaller changes in these outcomes. According to users feedback, engagement with the app could be
increased by making the app more interactive and allowing more tailoring.

Conclusions:  This study suggests that the Top Tips app could potentially be a useful intervention for promoting eating
self-regulatory skills, weight loss, and weight management behaviors among adults with overweight or obesity. Future research
should develop the app further based on user feedback and test it in larger sample sizes.

Trial Registration: [ISRCTN Registry ISRCTN10470937; http://www.isrctn.com/| SRCTN10470937 (Archived by Webcite at
http://www.webcitation.org/76j6rQibl)
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Introduction

Background

Interest is growing in lifestyle interventions that utilize a
habit-based approach as they have the potentia to promote
lasting weight loss and healthy dietary behaviors and are easily
scalable. Habit-based interventions promote the repetition of
target behaviors in a consistent context to make the behaviors
more automatic and habitual [1-3]. These interventions may
also promote self-regulatory skills (eg, goal setting, planning,
self-monitoring, and feedback on performance) to trandate the
intended behavior into action and override unwanted automated
responses [1,4].

Although weight loss interventions based on habit theory are
till scarce[5,6], recent studies using this approach have shown
promising results. A total of 3 studies have explored the delivery
of apaper-based weight loss intervention that encourages habit
formation for a set of target health behaviors, called Ten Top
Tips (10TT). In al 3 studies, adults affected by overweight or
obesity who received the 10TT leaflet lost significantly more
weight (between 1.7 and 3.3 kg) than those all ocated to acontrol
group [5,7,8]. A recent study aso found that the weight loss
promoted by the 10T T was mediated by improvements in both
self-regulatory skills and automaticity of the target behaviors
[9]. However, the paper format of the 10TT is becoming
outdated, and the use of new technology such as mobile apps
could potentially encourage engagement among a wider range
of users and improve the effectiveness of thisintervention.

According to 2 meta-analyses, mobile app interventions can
lead to significantly greater weight loss compared with other
interventions such as paper-based interventions and counseling
and education lesson-based interventions[10-12]. Theretention
rates of weight lossinterventions may also be greater when they
are technology-based compared with paper-based format [2].
There are also someindicationsthat the use of new technologies
may help people to form healthy habits and break unhealthy
ones. Brief technology-based interventions promoting
self-regulatory practice have been effective at improving this
capacity [13-17]. This, in turn, may help people to form habits.
However, most technology-based weight loss interventions
currently do not support habit formation [18], and those
available are not typically based on theory or evidence[19,20].

Delivering the 10TT weight loss intervention via a mobile app
has the potentia to be novel, effective, convenient, appealing,
cost-effective, and wide reaching. Developing a mobile app
version of the 10TT also offers an opportunity for testing out
additional components, which could enhance the effectiveness
of the intervention. Evidence suggests that strategies such as
engaging in pleasant imagery tasks [21], developing intention
implementations [22,23], and attention bias [24] could
potentially help peopleto deal with tempting food and, therefore,
break existing unhealthy habits. Thereis also some evidenceto

https://mhealth.jmir.org/2019/5/€12326/

support the use of mobile phone apps to break habits through
developing implementation intentions and to reduce cravings
for unhealthy food through the use of imagery tasks [25]. The
addition of a self-regulatory training element to help people
deal with food cravings could reduce unhealthy food intake, in
addition to the established effects of the 10TT on increasing
healthy food intake.

Objectives

Therefore, this study developed an Android app of the 10TT
intervention (Top Tips only app) and a second version that
included self-regulatory strategies for dealing with tempting
foods (Top Tips plus app). The aim was to provide preliminary
indications of the usage, effectiveness, and acceptability of the
2 apps.

Methods

Initial Development of the Top Tips App

The development of the Top Tips apps was completed through
an iterative process over a period of 1 year, involving 3 main
phases: (1) initial development, (2) user testing, and (3) pilot
testing.

Both the content and format of the Top Tips apps were
developed based on (1) the 10TT leaflet [7], (2) the principles
of habit theory, (3) empirical evidence from the field of weight
loss and behaviora nutrition, and (4) the experience of the
developersin designing health apps for behavior change. They
were designed for Android devices as users of these devices
tend to have greater socioeconomic variability compared with
iPhone operation system users [26]. The team of researchers
and app developers met regularly during the development
process and agreed to keep the Top Tips apps simple, including
only the essential features (see Multimedia Appendix 1), to
allow aflexible devel opment process and al so because of budget
constraints. Although the branding was kept in line with the
10TT leaflet, some necessary changes were made to develop a
coherent, well-structured, and attractive app that maximized
engagement with the target population.

To encourage habit formation, the apps advised users to make
context-specific plans to turn each tip into a habit and adjust
these whenever needed. Example plans for each tip were
provided. The app also asked users to track their weight in kg
and adherenceto thetips each day. The apps provided automatic
updates of how many times each tip was achieved per week as
well as daily reminders to promote engagement with the app.
A total of 9 notifications were designed related to different
functions of the app, for example, “Don’t worry if you forgot
to log anything last week, it’'s easy to add to past days—why
don’t you start now?’. A random notification was sent each day
inthe evenings asit was anticipated that this would be the most
likely time people would log their adherence to the target
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behaviors and review their plans. However, participants could
turn this function off if they wanted.

The Top Tips plus app included an additional tip targeting
self-regulatory strategies to resist tempting food. This new tip
was developed based on the current evidence for reducing
unhealthy food cravings and avoiding lapses [22-24]. The tip
promoted visual imagery and distraction strategiesto avoid cues
that elicit urgesto eat unhealthy foods, which may increase the
likelihood of resisting tempting food. The additional tip also
provided examples of forming coping plans using these
strategies. In line with the other tips, users were required to
make their own coping plans to resist unhealthy food and
monitor their progress every day, assessing whether they
experienced food cravings and whether they could resist them
(Multimedia Appendix 2).

User Testing

The Top Tips only app and the Top Tips plus app were tested
with a small convenience sample of adults who owned an
Android phone. The user testing aimed to assess preliminary
functionality and usability of the Top Tips apps. A total of 8
(63%[5/8] female) people took part in this study, of which 4
tested the Top Tipsonly app and 4 tested the Top Tips plus app.

https://mhealth.jmir.org/2019/5/€12326/
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Participants were invited to download the latest version of the
app and were given anindividual passcode. They wereinstructed
to enter at least one plan, log completed tips and their weight,
check the content of the app for spelling errors, and provide
feedback on their experience of the appsand any technical flaws.

Overall, participants reported that they liked the app and found
it neat, user-friendly, and attractive. Although the app worked
well for most participants, the following issues wereraised: (1)
inability to enter decimals to their weight in kg, (2) technical
difficulties for 2 specific types of Android phones, and (3)
difficulty in understanding how to use the app because there
was no tutorial. These technical and weight recording issues
werefixed inthefinal versions of the apps. To assist participants
with downloading and navigating the app, a PDF document
with instructionsand atutorial lasting lessthan 3 min explaining
how to usethe app were devel oped for each version (Multimedia
Appendices 3 and 4).

The fina versions of the 2 Top Tips apps were released on the
Google storefor pilot testing. Screenshots of thetips, planning,
daily tracking, and automatic feedback featuresfor the Top Tips
only app are shown in Figure 1, whereas Figure 2 shows these
features for the Top Tips plus app.
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Figure 1. Screenshots of the Top Tips only app.

Keep to your meal routine Keep to your meal routine

Try to eat at roughly the same times each day,
whether this is 2 or 5 times a day.

This will help you to aveid unplanned meals and
calories,

Try to eat at roughly the same times each day,
whether this is 2 or 5 times a day.

This will help you to avoid unplanned meals and
calories.

Handy hints

= Pick a pattern that fits your daily routine and stick
toit.

= If you tend to snack, try 1o snack around the same
time each day.

= Plan when you intend to eat and check at the end of
the day if you bave achieved this.

White & plan

Top tips Top tips
Log tips My progress
Tue 29 Nov 2016 Today 21- 27 Nov 28 Mow - 4 Dec

Weight 53 kg Keep to your meal routine 2
Keep to your meal routine Pack 4 healthy snack 2
Go reduced fat Go reduced fat 2
Walk off the weight D ‘Walk off the weight 1
Pack a healthy snack Up on your feet i
Leok at the labels Caution with your portions 1

Caution with your portions

Don't forget your 5 a day -
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Up anyour fest Look at the labels .
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Focus on your food D
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Figure 2. Screenshots of the Top Tips plus app.

Finding it difficult to resist tempting
food?

Strong desires to eat unhealthy foods, uswally
known as cravings only last for 15 to 30
minutes. If you have strategies of things to do
or think when you have a craving, this can help
you to resist unhealthy foods.

Kliemann et al

Keep to your meal routine

Try to eat at roughly the same times each day,
whether thisis 2 or 5 times a day.

This will help you to avoid unplanned meals and
calories.

Handy hints

- Pick a pattern that fits your daily routing and stick
toit.

« If you tend to snack, try to snack around the same
time each day.

« Plan when you intend to eat and check at the end of
the day if you have achieved this.

Wiite a plan

My progress

21 - 27 Nov 22 Nov - 4 Dec

Log tips
Tue 29 Nev 2016 Today
Weight 258 kg
Did you resist your cravings?
® v
O
O 1 did not have cravings
Keep to your meal routine .
L
Go reduced fat .
ol
‘Walk off the weight D
Pack a healthy snack .
o
Lock at the labels D
Caution with your portions

Pilot Testing

The pilot was a 3-arm, individually randomized, controlled
study in an online sample of adultswith overweight and obesity
comparing (1) Top Tips only app, (2) Top Tips plus app
(including an additiona tip on dealing with tempting foods),
and (3) no intervention control group (waiting list). The active
intervention period was 3 months, and follow-up data were
collected at the end of this period. The study was approved by

https://mhealth.jmir.org/2019/5/€12326/
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| resisted cravings 3
| didr't resist cravings

Keep to your meal routine 3
Go reduced fat 3
Focus on your food 2
Cauticn with your portions 2
Don't forget your 5 a day 1
Walk off the weight 1
Up an your feet 1

Pack a healthy snack 1

the University College London Ethics Committee (study 1D:
5766/003). It also followed the Consort extension for pilot
studies (Multimedia Appendix 5)

Participants and Recruitment

Participants were eligible to take part in the study if they (1)
were adults (18 years or older) from the United Kingdom, (2)
owned an Android maobile phone (3) could read English fluently,
and (4) were overweight or obese (body massindex [BMI] =25

JMIR Mhealth Uhealth 2019 | val. 7 | iss. 5 [€12326 | p.165
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

kg/m?). Participants were excluded if they (1) were unable to
provide informed consent, (2) were pregnant or breastfeeding,
(3) were expecting to undergo bariatric surgery inthefollowing
3 months or were recovering from a bariatric surgery, or (4)
were on a strict weight loss treatment, such as mea
replacements. No upper age limit was established in line with
the 10TT leaflet tria [7].

Potential participantswereinvited viarecruitment posters, social
media, recruitment websites, and snowball sampling viapersonal
contacts. A research website was also set up to provideinterested
participants with additional information about the study.
Interested participants were invited to fill out an online survey
wherethey were screened for eligibility. Recruitment took place
over 2 months, from the beginning of January to the beginning
of March 2017.

Eligible participantswho gave informed consent and completed
the baseline questionnaire were individually randomized to 1
of the 3 group conditions: (1) Top Tips only app, (2) Top Tips
plus app, and (3) waiting list. Randomization was performed
using the Minimpy software (Sourceforge) [27] and was
stratified by gender, age, and BMI classification.

Sample Size

A rule of thumb for the sample size of pilot studiesis to have
around 25 participants per randomization group for a small
standardized effect size of 0.2 [28]. As this study involved 3
experimental groups, we aimed to recruit at least 75 participants.

Procedure

After randomization, participants randomized to 1 of the 2 app
groupsreceived an email with instructions about the intervention
and a passcode to access the app. Participants were instructed
to use the app every day for 3 months, which is the period
usually required to form habits [1,2]. Participants randomized
to the control condition received an email explaining that they
had been allocated to the waiting list group and that they would
receive access to the weight loss app in 3 months' time. Before
randomization and at 3-month follow-up, all participants were
requested to complete an online questionnaire. To promote
completion of the postintervention assessment, al participants
had the chance to enter a draw to win 1 of 3 £20 High Street
vouchers. However, they were only informed about the prize
draw a the end of the intervention, to ensure that only
participants who were motivated to |ose weight and to improve
their diet were recruited to the study. Participants from the Top
Tips apps conditions were also invited to answer qualitative
guestions at the end of the online follow-up questionnaire to
further explore their experience of using the apps.

Measures

Automated data from Top Tips only and Top Tips plus users
were collected over the 3-month intervention period to assess
usage patterns. This included data on the number of log-ins,
pages viewed, plans made, and the total time spent on the apps
in minutes. Information was also collected on the number of
times that weight was logged and each tip was achieved.
Information was collected from the Top Tips plus users on the
number of times they resisted food cravings, number of times

https://mhealth.jmir.org/2019/5/€12326/

Kliemann et d

they did not resist, and number of times they did not have food
cravings.

The online questionnaires at baseline and follow-up collected
infformation  on  sociodemographics,  self-regulation,
anthropometrics, and dietary behaviors. Participants were asked
to report their gender, age, ethnicity, marital status, education,
and employment status. Due to the small sample size, all
variables were categorized into 2 groups. Ethnicity was
categorized as white or other (black, Asian, mixed, or other).
Marital statuswas categorized asmarried (or living as married)
and not married or other (single, separated, divorced, or
widowed). Education was categorized as hondegree or degree.
Employment status was categorized as paid work and unpaid
work or other (unemployed, homemaker, voluntary work,
disabled or too ill to work, student, or retired).

Eating self-regulatory skills were assessed using the 5-item
Self-Regulation of Eating Behavior Questionnaire [29]. Total
mean score and changes over 3 monthswere cal cul ated. Weight
and height were self-reported. For those who did not complete
thefollow-up questionnaire, their last weight logged on the app
was used. Changes in weight in kg over 3 months were
calculated. BMI was also calculated and then categorized into

overweight (25-29.9 kg/m?) or obese (30 kg/m? or over).

Frequency questionswere based on those used within aprevious
10TT randomized controlled trial (RCT) [7] and assessed the
10 eating and activity behaviors plus self-weighing targeted in
the Top Tips apps. For some of these behaviors, more than 1
frequency question was used to better assess adherence to the
behavior. For example, for the look at labels behavior, 2
guestions were generated to ask about how often peoplelooked
at labels when (1) preparing food and (2) buying food. A total
of 16 questions were used to assess the frequency of carrying
out each of the target behaviors over the previous 2 weeks on
a 5-point Likert scale. The overal mean score for the 16
behaviors was calculated as well as the mean change from
baseline to 3-month follow-up. Dietary intake was assessed in
more detail using validated food frequency questionnaires. For
example, fat intake was assessed using the dietary fat scalefrom
the validated Dietary Instrument for Nutrition Education [30],
which was adapted to broaden the range of ethnically diverse
foods and the main components of the UK diet. Fruit and
vegetableintake was assessed using 2 validated food frequency
questions [31], measuring intake on a 7-point response scale.
Similarly, 2 food frequency questions assessed sweet snack
(SS) intake, including foods such as chocol ates, sweets biscuits,
cakes, buns, pastries, and ice-cream. In addition, 4 frequency
guestions assessed the consumption of sugary sweetened drinks
(SSD) intake, including nondiet fizzy drinks, sugar-containing
squashes, milkshakes, and hot chocolate. The response options
ranged from 1 (never or rarely) to 7 (3 or more times a day).
Following the study by McGowan et a (2012), answers were
recoded to represent daily intake, for example, 2 to 3 times a
week was coded as 0.36. The mean scores for fruit and
vegetable, SS, and SSD frequencies were calculated as well as
the mean change from baseline to 3-month follow-up.

To assess acceptability of the Top Tips apps, 8 open questions
relating to users' experience of using the appswereincluded in
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the online follow-up questionnaire but stated as optional
(Multimedia Appendix 6). This included their overall views
toward the app, if therewas anything that they disliked or found
hard to useg, if there was anything they liked or found easy to
use, if there was anything that they were expecting to see but
did not, how the app could be improved, and if they had any
other comments they would like to make.

Statistical Analyses

For this pilot study, usage pattern and users' feedback were the
primary variables of interest, but theimpact of the intervention
on self-regulatory skills, weight loss, and behaviors was aso
explored. All analyses were conducted on an intention-to-treat
basis, with participants analyzed based on assigned
randomization group [32]. Descriptive analyses were used to
characterize the sample by study arm. Baseline differences
between those who downloaded and did not download the app
were tested using Chi-square tests for categorical variables and
t tests or Mann-Whitney tests for continuous variables.
Descriptive analyses were used to show the usage pattern of the
Top Tipsapps. Mean, SD, median, and total range were reported
for each usage metric.

Exploratory descriptive analyses were performed to obtain an
early indication of the effect of the Top Tips apps on eating
self-regulatory skills, weight, and behaviors, including dietary
intake. Initially, a completer analysis was performed using the
complete data at baseline and follow-up for each outcome.
Participants with more than 20% of missing data at baselinefor
the self-regul ation and target behaviors questionnaires and with
any missing data for dietary intake questions were excluded
from the analyses. When there were up to 20% missing datafor
the self-regulation and target behaviors questionnaires, the
individual median score was imputed. Within-group changes
from baseline to 3 months were described for each outcome,
including 95% ClI, and the Cohen effect size was cal culated.
Sensitivity analysis using the last observation carried forward
approach was performed to investigate the potential effect of
missing responses on effect sizes. Analysis of variance wasalso
conducted using the imputed data. Descriptive analyses were
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used to assess the relationships between overall app usage and
changes in eating self-regulatory skills, weight, and target
behaviors over 3 months. For thisanalysis, thelevels of change
in self-regulatory skills, weight, and target behaviors were
categorized into 2 groups using ranked percentiles: (1) percentile
<75 represented medium-to-small changes and (2) percentile
>75 represented large changes. Rank percentiles were used to