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Abstract

Background: Maodern lifestyle is heavily affected by technology such as smartphones, tablets, and other small computers; yet
it remains unclear how our health and well-being are affected by the heavy use of these devices.

Objective: Thisfeasibility study aimsto test two different interventions of an experimental protocol for aforthcoming large-scale
community-based study and get estimates of parameters for sample size calculation. The aim of the large-scale study is to
investigate the effect of (1) awearable tracking device on aerobic capacity (VO,max/kg) and the effect of (2) restricting media
use on total sleep time.

Methods: Twenty healthy participants were included and equipped with a wrist-worn device tracking physical activity and
deep. Participants were allocated to either a physical activity group, which wasinstructed to use the wrist-worn device to support
exercise, or asleep silent group, which was instructed to remove or switch off al electronic devices in the bedroom (except the
wrist-worn tracking device). Theintervention lasted approximately 4 weeks. Data collected included blood pressure, submaximal
cycle ergometer test, self-reported technology use, and compliance of using the wearable tracking device.

Results: All participants wore the wearable tracking device 95.8% (SD 4.4%) of the time. Participantsin the physical activity
group increased aerobic capacity from 30.38 (SD 8.98) to 32.1 (SD 8.71) mL/kg/min (t=—2.31, P=.046) and decreased their
systolic blood pressurefrom 126.5 (SD 15.8) mm Hg to 121.8 (SD 11.7) mm Hg (t=2.72, P=.02). The sleep silent group prolonged
their time offline before bedtime from 18.1 (SD 19.4) minutesto 27.2 (SD 17.3) minutes (t=—2.94, P=.02).

Conclusions: Thetwo interventions are feasible to conduct. Participants were willing to wear the tracking device on their wrist
and restrict all media use in their bedroom and thereby reduce bedtime technology use. Our results also suggest that tracking
physical activity using awearable device is accompanied by noteworthy health benefits. We outline necessary adjustments for a
forthcoming large-scale study.

(IMIR Form Res 2021;5(1):€20410) doi:10.2196/20410

KEYWORDS

accelerometer; activity trackers; aerobic capacity; insufficient sleep; media use; screen time; sleep problems; smartphones,
wearable tracking devices
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Introduction

Progress in technology has revolutionized the way we live in
modern society. Small and convenient electronic devices are
with us everywhere and play a central rolein our lives and the
way we work, communicate, interact, search for information,
do chores, and passtime. Yet it remains unclear how our health
and well-being are affected by the use of these devices. In this
feasibility study, we test an experimental protocol designed to
investigate how the use of a wearable tracking device (WTD)
and bedtime technology use affect physical activity and sleep,
respectively. More knowledge of the effect of technology is
needed as inactivity and insufficient sleep pose serious public
health implications in modern society.

In western culture, physical inactivity and sedentary lifestyle
are increasing and, as a consequence, so are health-related
problems and health care costs[1]. Global Health Observatory
data estimates that 37% of the adult population in high-income
countries is insufficiently physically active [2]. It has been
suggested that WTDs may encourage physically active behavior
[3]. WTDs are wearable computers able to monitor different
health-related parameters such as steps, distance covered, and
pulse continuously under real-life conditions, and they are
already widely used by consumers. The self-monitoring ismade
possible by different sensors and agorithms and is often
accompanied by mobile apps. Modern WTDs have the
opportunity to incorporate principlesfor behavior changeinthe
promotion of physical activity including feedback, tailored
information, gamification, rewards, goal setting, prompts, social
comparison, and connectivity [3,4]. Despite the promising
features embedded in WTDs, results are mixed from previous
studies investigating the effect of increasing physical activity
with WTDs on different health parameters [5-7]. Part of the
discrepancy between studies may relate to study populations,
interventions, comparators, and outcomes. The effect of using
WTD on VO,max seemsto beless studied, although thishealth
parameter is known to be an important indicator of health-risk
status. Epidemiologic studies have reported that alow VO,max
isamore powerful predictor of risk for adverse outcomes than
traditional risk factors, including hypertension, lipid
abnormalities, smoking, physical inactivity, obesity, and diabetes
mellitus[1,8,9].

Insufficient sleep congtitutes another health risk in modern
society. Recent evidence demonstrates the proportion of people
getting less than the recommended hours of sleepisrising [10].
A survey conducted by the National Sleep Foundation found
that the proportions of people sleeping fewer than 7 hours are
40% in Japan, 27% in the United States, and 21% in Germany
[11]. Insufficient sleep can have multi ple negative consequences,
such as cognitiveimpairment, obesity, hypertension andinsulin
resistance (diabetes), and substantial economic losses [10,12].
It has been proposed that the increased use of media via
smartphones, tablets, and other handheld devices before bedtime
isworsening the challenge because the screen light significantly
suppresses the secretion of melatonin and consequently disrupts
deep [13]. Furthermore, the contents received from these
handheld devices may induce arousal and stress reactions,
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making it difficult to fall asleep [14]. Studies on smartphone
use and sleep have quite consistently shown an association
between bedtime technol ogy use and sleep descriptors[14-16].
According to astudy from Denmark, 40% of 815 young Danish
students gave likes or sent messages during the night [17]. It is,
however, unclear from this study and many similar studies
whether smartphone activity is causing an increase in sleep
onset latency and sleep interruption or if smartphone activity
is used as an entertainment device among those with sleep
impairment due to other causes [14,17]. Of note, a study with
942 Canadian students demonstrated that sleep problems
predicted media use and not the opposite [18]. Most studies
today are based on cross-sectional design, meaning that the
causality is difficult to ascertain [14]. Recruiting participants
for an experimental protocol may pose achallenge dueto alack
of motivation to negotiate changes in bedtime smartphone use
[19]. Nevertheless, more experimental research is needed on
how bedtime uses of smartphones affect sleep measured over
alonger period of time.

The purpose of this study was to test the feasibility of two
different interventions of an experimental protocol and to get
estimates of parameters for sample size calculation in order to
refine the protocol for aforthcoming large-scale study. Theaim
of the forthcoming study isto investigate the effect of (1) using
aWTD on aerobic capacity and (2) removing electronic devices
from the bedroom on total sleep time (TST). The forthcoming
study will contain both a baseline and an intervention period,
but this study aims at investigating the feasibility of the
interventions only.

Methods

Participants

Twenty able-bodied participants (4 males, with a mean age of
48 [SD 9] years) were recruited to participate in the study
through local advertisement in the municipality of Naestved,
Denmark. Participants were required to be aged 18 to 75 years,
to own a smartphone or tablet, and to be able to exercise on
their own. People already exercising for more than 15 hours
weekly were not eligible. The sample size for this study was
set to 20 participants, which we estimated to be adequate to test
the experimental protocol and get estimates of parameters for
sample size calculation to the necessary degree of precision
[20]. All participants gave informed consent to the experimental
procedure, which was approved by the local ethics committee
(S3743). The study was performed in accordance with the
Declaration of Helsinki.

Experimental Protocol

Participants attended 2 test days (T1 and T2) with 33 (SD 8)
days in between (Figure 1). BMI, blood pressure (BP, mean of
3 repeated measures), and a submaximal cycle ergometer test
to estimate VO,max [21] were conducted at both test days.
Furthermore, participants answered questions on a tablet
regarding their level of moderate-to-vigorous physical activity
(MVPA) inminutes per week with the Nordic Physical Activity
Questionnaire-short (NPAQ-short) [22], their current level of
sleep problems with the Insomnia Severity Index (1SI) [23], and
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their time offline (TO) before and after sleep. The NPAQ-short
isa2-item questionnaire to monitor physical activity (timeand
intensity) and compliance with the World Health Organization
(WHO) recommendations. The ISl is a 7-item questionnaire

Figurel. Experimental setup.

Sleep silent
group

Physical activity
group

YR

On T1, participants were allocated to either a physical activity
(PA) group or adleep silent (SS) group by minimizationin order
to ensure a balanced age distribution in both groups. This was
done to examine the feasibility of both interventions among
different age groups. In the PA group, participants were
encouraged to challenge themselveswith arealistic self-chosen
fitness goal for the intervention period based on their resources
and prior training level. The goa could be specific, such as
accomplishing running 5 kilometers without stopping, or more
general, such as meeting WHO’s minimum recommendation
of 150 minutes MV PA weekly [24]. Participantsin the PA group
were introduced to the WTD and instructed to follow their
progress on the accompanying mobile app Garmin Connect.
All exercise was performed independently by the participants.
Participants were asked after the intervention about their use of
WTD and whether they wished to continue using awrist-worn
tracking device in the future. The SS group was instructed to
remove or switch off al electronic devices in the bedroom
(except the WTD). Several different technologies (such as
computers, tablets, and other handheld devices) are used for the
same activities as a smartphone and, therefore, use of all
electronic devices was restricted. Analog alarm clocks were
distributed, and participants were asked not to check their
smartphone and other digital screensand devicesfrom bedtime
until they get up in the morning.

On T1, al participants were equipped withaWTD (Vivosmart
4, Garmin Ltd), and instructed to download the mobile app
Garmin Connect and set up a user account. One participant
aready used a WTD (Fenix 5X, Garmin Ltd), which the
participant continued to use instead of Vivosmart 4. All
participants were instructed to wear their WTD on their wrist
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where participants rate symptoms of their sleep problemsusing
aLikert-type scale. Eachitemisrated on a0to 4 scale, and the
total score ranges from 0 to 28. A higher score suggests more
severe insomnia.

Y

for the entire period of approximately 4 weeks. The small device
detects physical activity, heart rate, and sleep via an embedded
triaxial accelerometer, optical photoplethysmography signals,
and associated algorithms. It automatically records intensity
and type and duration of different activity patterns such as
walking, running, and biking for at least 10 minutes and attempts
to detect sleep onset, leep end, sleep stages (light, deep, rapid
eye movement, and wake), and level of movement during sleep.
Based on the time stamps of the WTD measurements, the
compliance of wearing the WTD was investigated for each
participant. The amount of time a pulse measurement was
available in the recorded data relative to the length of the
intervention period was computed. The pulse was chosen as it
is sampled relatively frequently (1 sample per 2 minutes). The
percentage of available pulse data was used as a proxy for the
percentage of timethe participant worethe WTD. Furthermore,
the amount of nights with missing TST estimates in the WTD
recordings was investigated, as the TST is an important
parameter in the upcoming studly.

Results

Twenty participants were recruited for this study. One
participant from the SS group lost the WTD after 3 weeks and
was excluded. Another participant from the SS group got an
injured little finger while walking a dog (not related to study
activities) and therefore did not perform the cycle ergometer
test at T2. Throughout the intervention period, the participants
wore the WTD device 95.8% (SD 4.4%) of the time. Seven
participants missed 1 to 3 nights of data due to not charging the
battery (Figure 2).
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Figure 2. Compliance with wearing the wearable tracking device. A) shows number of missing nights per participant, and B) shows compliance in

percentages for al participants during the entire intervention period.
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From T1to T2, the PA group increased their estimated VO,max
from 30.38 (SD 8.98) to 32.1 (SD 8.71) mL/kg/min (t=—2.31,
P=.046) and the systolic BP decreased from 126.5 (SD 15.8)
mmHgat T1to121.8 (SD 11.7) mmHg at T2 (t=2.72, P=.02)
while no difference was observed in the diastolic BP (from 84.3
[SD 10.1] mm Hg to 80.4 [SD 8.8] mm Hg; t=1.96, P=.08) or
in the BMI (see Table 1). According to self-reported exercise
behavior, 2 participantsin the PA group did not meet the WHO's
minimum recommendation of 150 MVPA minutes per week at
T1, while 2 participants had filled out the questionnaire
incorrectly. At T2, 1 participant in the PA group reported an
activity level below 150 MVPA minutes per week and no
difference was reported in MVPA between T1 and T2 in the
PA group (from 310 [SD 216] to 375 [SD 172] minutes per
week, t=—1.5, P=.18; Table 1). Three participants in the PA
group reported sleep problems (1Sl value 8.3 [SD 2], n=3) at
T1 and 2 participants (ISl value 4.7 [SD 4], n=3) at T2. No
change was observed in time offline (TO) in the PA group
(Table 1). All participants in the PA group reported to use the

Table 1. Pre-post measurements in the physical activity group.

95.8 %

WTD to track their activity level in the intervention period.
Eight participants wished to continue using a WTD after T2,
while 2 participants were reluctant due to a lack of interest in
the information collected and stress associated with
self-monitoring respectively.

In the SS group, 6 participants reported sleep problems (1S
value9[SD 2], n=6) at T1 and 3 participants (ISl value 4.7 [SD
6], n=6) at T2. The SS group prolonged the TO before bedtime
(from 18.1[SD 19.4] t0 27.2[SD 17.3] minutes; t=—2.94, P=.02)
while no change was observed in TO in the morning (Table 2).
In the SS group, no change was observed in the estimated
VO,max, BR, or BMI between test days (Table 2). According
to self-reported exercise behavior, 3 participants in SS group
did not meet the WHO's minimum recommendation of 150
MV PA minutes per week at both T1 and T2, and no change in
the MVPA was observed in the group (from 274 [SD 172] to
283 [SD 203] minutes per week; t=—0.18, P=.86). One
participant had filled out the questionnaire incorrectly.

Characteristic T1, mean (SD) T2, mean (SD) t P value
BMI 26.73 (4.79) 26.69 (4.77) 0.61 56
Systolic BPA (mm Hg) 126.5 (15.77) 121.8(11.72) 272 02
Diastolic BP (mm Hg) 84.3 (10.05) 80.37 (8.75) 1.96 .08
VO,max’lkg 3038 (8.99) 32.1(8.70) 231 046
SR MVPAS (min/week) 310 (216) 375 (172) -150 .18

SR TOY, evening (min) 11.4 (15.55) 15.1 (16.67) -113 .29

SR TO, morning (min) 21.9(28.5) 22.8(29.78) -014 .89

3BP: blood pressure.
bVozmax: maximal oxygen uptake.

CSR MV PA: self-reported moderate-to-vigorous physical activity.
dsRTO! self-reported time offline.
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Table 2. Pre-post measurements in the sleep silent group.
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Characteristic T1, mean (SD) T2, mean (SD) t P vaue
BMI 27.35 (5.59) 27.30 (5.6) 0.26 .80
Systolic BP? (mm Hg) 127.15(16.9) 125.78 (17.78) 030 .77
Diastolic BP (mm Hg) 84.67 (10.41) 87.41 (11.58) -116 .28
VO,maxlkg 30.42 (8.57) 32.18(9.25) 131 .23
SR MVPAC (minweek) 274 (172) 283 (203) -018 .86
SRTOY, evening (min) 18.1(19.36) 27.22 (17.34) 294 .02
SR TO, morning (min) 28 (28.08) 32.22 (19.70) -1.81 A1

3BP: blood pressure.
bVOzmax: maximal oxygen uptake.

CSR MV PA: self-reported moderate-to-vigorous physical activity.
dsr TO: self-reported time offline.

Discussion

Principal Findings

Results from this study suggest that the experimental protocol
is feasible to conduct: participants were willing to wear the
wrist-worn tracking device and keep track of their exercise or
remove their smartphone from the bedroom. The participants
wore the WTD nearly 96% of the time they were enrolled in
the study, demonstrating an extremely high compliance
considering the participants wear the WTD around-the-clock
anditincludesaninevitableloss of data points dueto necessary
charging of battery one or twice aweek.

The majority (60%) of participantsin thisfeasibility study had
alow or somewhat low VO,max at T1 in both groups according
to Astrands classification of aerobic capacity by age and gender
[25]. It has been demonstrated that alow VO,max is associated
with a2- to 5-fold increasein cardiovascul ar disease or all-cause
mortality, independent of other cardiovascular disease risk
factors [26]. Importantly, relatively small improvements in
aerobic capacity such as 1 metabolic eguivalent (3.5
mL/kg/minute) have been associated with 8% to 35% reductions
in mortality [26]. From this perspective, an average VO,max
increase of 1.71 mL/kg/minute in the PA group could suggest
anoteworthy health benefit if the participants maintain the level
of exercise from the intervention period in future.

In the PA group we also observed an average decrease of
systolic BP of 4.7 mm Hg. Hypertension significantly increases
the risks of heart, brain, and other diseases. In ameta-analysis
by Lewington et a [27], the age-specific relevance of usual BP
to vascular mortality was assessed from one million adults in
61 prospective studies. The authors found that a reduction in
systolic BP of just 2 mm Hg reduces apoplexy mortality by 10%
and death of ischemic heart disease by 7% among middle-aged
people. Inlight of this, our observed decreasein average systolic
BP of 4.7 mm Hg is aso highly relevant. A recent review
evaluated the effect of using WTDs on metabolic outcomes
such as BPR, blood glucose level, and cholesterol levels in
patients [5]. Based on the 6 included studies, the authors
conclude that WTDs play arole as a facilitator in motivating

https://formative.jmir.org/2021/1/e20410

and accelerating physical activity, but current data do not
suggest other consistent health benefits for patients. Two other
recent reviews conclude that people using wearable devices
improved their daily step counts regardless of age, sex and
health status [6,7]. Of note, Brickwood et a [7] aso found a
significant increase in MV PA, while Lynch et a [6] did not
find this positive effect. A great chalenge in this field is that
the literature remains limited primarily to short-term studies,
and many of these are underpowered feasibility or pilot studies
[5,28]. Persona preferences and adverse effects related to
self-monitoring may also play a role in the disagreement
between studies. For instance, modern WTDsallow individuals
to gain insight into their own activity level 24 hours aday, and
studies have demonstrated that for some individuas
self-monitoring is valued and can prompt further goal-directed
behavior while for other individual s the inability to meet goals
can trigger negative experiences [3]. Two participants in the
PA group reported skepticism to continue using aWTD dueto
alack of interest in measurements and stress associated with
self-monitoring, respectively. Thus, the effect of self-monitoring
of PA behavior may be affected by personality. Large studies
that can accommodate the fast pace of advances in technology
are needed to examine if WTDs can enhance important health
outcomes and determine which populations are most receptive
to WTDs.

Participantsin the SS group prolonged the TO before bedtime,
demonstrating a willingness to incorporate restrictions on
bedtime technology use. Previous studies suggest that bedtime
technology useis negatively related to sleep outcomes, but few
longitudinal studies have been conducted with an experimental
setup. A strength of this study is therefore the interventional
and feasible study design. Thefew existing experimental studies
that have been conducted report contradictory results on sleep
measures[19,29-31]. For instance, restricting mobile phone use
before bedtime for 4 weeks had no effect on sleep measuresin
astudy conducted by Harrisel a [29] in Norwegian high school
athletes, while He et a [30] found several improvementsin both
sleep measures and working memory in Japanese university
students. Of note, theinclusion criteriadifferedinthe 2 studies:
He et a [30] only included participants with poor sleep and a
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habit of using a mobile phone during bedtime, while Harris et
al [29] did not have such inclusion criteria. In our feasibility
study, we did not have any inclusion criteria regarding
smartphone use meaning that we included both light and heavy
smartphone users. A recent telephone-based survey showed that
42% of participants reported using electronic devices in bed
after lights out, and 27% of adults who reported always using
electronic devices in bed were spending over an hour per night
using them [32]. The survey demonstrates a large variance in
the habits of bedtime technology among adults, which is
important to consider in order to illuminate how the use of
smartphones affect sleep and sleep quality.

Current research on the associations between sleep measures
and smartphone use has mainly focused on children, adolescents,
or university students, which compromises generalizability of
the results to the population above 25 to 30 years [14,32]. In
our feasibility study, the average age of participants was 48
years ranging from age 24 to 60 years. This may also explain
why we did not encounter similar challenges in the recruiting
process as Bartel et a [19], who only included adolescents.
Nevertheless, a study including all age groups can contribute
to cover agap in the literature.

The effect of bedtime technology use has mainly been
investigated with self-reported outcome measures and may
thereby be prone to misclassification, recall difficulty, recall
bias, and response-style bias [14]. Only a few studies have
applied objective sleep measures based on actigraphy and
examined the association between sleep and self-reported media
use [33,34]. These studies report that self-reported bedtime
technology useis negatively related to objective sleep measures
in adolescents. Although the literature shows that actigraphy
reliably detects dleep-wake patternsin normal individuals[35],
weare currently investigating the validity of the sleep detection
provided by the Vivosmart 4 in a separate study. One study has
used a screen time detecting app to examine the relationship
between self-reported sleep and screen time measured
objectively. Increased screen time was associated with poor
self-reported sleep outcomes (sleep quality, sleep duration, sleep
efficiency, and longer sleep onset latency) [36]. Future research
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should ideally combine alarge-scaleintervention with objective
measures of both sleep and screen time in an adult population
in order to draw valid conclusions about cause and effect of the
associ ation between bedtimetechnol ogy use and dleep measures.

Limitations

The feasibility study design had some limitations, which
preferably should be adjusted in the forthcoming large-scale
study. First, we did not have any inclusion criteria regarding
usual smartphone use and physical activity level, meaning that
for some participants the intervention made little changeto their
established pattern. An advantage of such broad inclusion
criteriaisthat it enables a generalization to a broad population
group. However, a disadvantage is that the result may be
contaminated. Hence, in the large-scale study inclusion criteria
should be added in order to ensure examination of relevant
participants and the content of the interventions needs to be
specified. Second, this study design did not include actual
control observations, which is necessary in order to determine
an effect of an intervention. Finally, the intervention period of
4 weeksis short and should be expanded in order to investigate
long-term effects. Meeting these limitations in a forthcoming
large-scal e study can contribute with experimental evidence of
the effect of using WTDs on aerobic capacity and restricting
bedtime technology use on sleep length.

Conclusions

The experimental protocol in this study wasfeasibleto conduct.
Participants were willing to wear the WTD around-the-clock
and use the wrist-worn device to support exercise or remove
their smartphone from the bedroom. We observed that tracking
PA using a wearable device is accompanied by noteworthy
health benefits and that restricting technology use in the
bedroom reduce participant use of bedtime technology. In a
forthcoming large-scal e study, sample size calculationswill be
based on collected estimates of VO,max and TST. Furthermore,
in order to obtain experimental evidence of the effect of using
WTDs on aerobic capacity and illuminate causal claims of
restricting bedtime technology use on TST, adjustment
highlighted in the previous section should be prioritized.
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Abstract

Background: Oral anticancer therapies can be self-administered by patients outside the hospital setting, which poses challenges
of adherence to a drug plan and monitoring of side effects. Modern information technology may be developed and implemented
to address these pertinent issues.

Objective: The aim of this study was to explore how a smartphone app devel oped through a stepwise, iterative process can help
patients using oral chemotherapy to take their drug, and to report adherence and side effectsin areliable and verifiable manner.

Methods: Fourteen patients starting capecitabine treatment were included in this study and used the smartphone app in addition
to regular follow up of capecitabine treatment. Nine of these patients fulfilled the treatment plan and were interviewed based on
a semistructured interview guide and the System Usability Scale (SUS). In addition, two focus groups were completed with 7
oncologists and 7 oncology nurses, respectively. Interview data were analyzed in accordance with the principles of systematic
text condensation. Features of the app were also assessed.

Results. The smartphone app provided the patients with a feeling of reassurance regarding correct adherence of their ora
chemotherapy treatment. They used the app as a memory tool about their treatment and possible serious side effects, as well as
for treatment education. Patients expressed concerns about using the app to report side effects that were not considered to be
obviously serious, fearing overreporting. The health personnel expressed an overall positive attitude to integrate this new tool in
their everyday work.

Conclusions: Patients on oral chemotherapy treatment at home felt safe and found the app to be helpful. The app promoted
learning about their treatment and made the patients more independent of the cancer clinic, reducing the need for the clinic’'s
limited resources for follow up of patients on oral anticancer medications.

(IMIR Form Res 2021;5(1):€20636) doi:10.2196/20636
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Introduction

Medica cancer treatment has changed from traditional
intravenous chemotherapy given at hospitals to home-based
oral anticancer therapies[1]. Oral chemotherapy can potentially
be administered without the patient having to visit a cancer
clinic given the advantages of avoiding the need for intravenous
administration and its associated complications. Nevertheless,
adherence is awidely known challenge for cancer patients on
oral chemotherapy [2]. Given that patients will adhere to the
drug plan and that side effects can be handled properly, such
home-based therapy will make cancer patients more independent
of the cancer clinic and also have potential to save costs[1,3].
Traditionally, the follow up of ora treatment adherence and
side effects when patients are at home is done by a phone call
to the patient and appointments at the clinic.

Vincent [4] defines patient safety as the management of risk
over time to maximize benefit and minimize harm to patients
inthe health care system. Patient safety isan aspect of diagnostic
services (eg, diagnostic safety [5]), therapy (eg, medication
safety [6]), and health care coordination (eg, errors of
commission and errors of omission [7]). Because patient safety
is such an essential property of a health care system, health
institutions are obliged to assess, monitor, and continuously
work to improve the patient safety aspects of their services.

The context of this study is the safety of home-based therapy
with capecitabine, an oral chemotherapeutic drug that is used
in the treatment of gastrointestinal and breast cancers.
Capecitabine has awide dosage range and potential seriousside
effects such as diarrhea, hematologic toxicity, and hand-foot
syndrome, although fatigue, nausea, and stomatitis are also
frequently reported [8]. In recent years, the cancer clinic at St.
Olav’'s University Hospital in centra Norway experienced
hospital admissions due to diarrhea followed by acute renal
faillure as severe adverse events of capecitabine use, two of
which were fatal. To improve the safety of home-based
capecitabine treatment, the clinic immediately changed to a
stricter dispensing and monitoring regimen, including the use
of pill dispensers and follow-up phone calls. The clinic aso
developed a smartphone app to be used for reminding the
patients to take the drug and to report side effects. Thisideais
also supported by a recent article describing that educating
patients with timely medica information through their
smartphonesimproves patient knowledge, treatment adherence,
and clinical outcomes[9].

Approximately two-thirds of all peopleworldwide own amobile
phone [10]. This has created an ecosystem for mobile health

https://formative.jmir.org/2021/1/e20636

Kongshaug et al

(mHealth), the practice of medicine and public health supported
by mobile devices[11]. Among their many prospects, mHealth
apps offer the possibility for health care institutions to reach
out to and interact with patients staying at home [10,12]. An
mHealth taxonomy devel oped in 2015 described eight different
use cases. point-of-care diagnostics, patient monitoring,
wellness, compliance, education and reference, behavior
modification, efficiency and productivity, and environmental
monitoring [13]. There are examples of mHealth apps within
oncology, including tools for point-of-care diagnostics (eg,
melanoma diagnostic services) and tools for assessing
patient-reported outcomes [14,15]. mHealth tools have been
shown to increase medication adherencein patientswith diabetes
[16], but literature of their effects on adherenceto oral anticancer
therapiesislacking [10].

For an mHealth app to have an impact as a patient safety tool,
it must be taken into use and perceived as useful by a majority
of the patients in the target group [17]. We therefore sought to
explore patients' use of an app from an ingtitutional perspective
(ie, patient safety) aswell asfrom the perspective of the patient
(eg, perceived usefulness). The objective of this study was to
explore how a smartphone app can assist patients in adhering
to the capecitabine medication plan and for reporting side
effects, and to also characterize the main features that the
patients find to be most useful within the app.

Methods

Study Design

We performed a feasibility study with 14 cancer patients and
14 health care providers. Patients, physicians, and nurses were
recruited at the cancer clinic of St. Olav’s University Hospital
incentral Norway in the period of March to October 2017. Nine
of the 14 patients completed the test period and subsequently
underwent a semistructured interview. The reasons for the 5
patients not completing the test period were as follows:
capecitabine discontinued due to side effects (n=2), follow up
by an oncologist outside St. Olav’s University Hospital (n=1),
technical problems with downloading the app to the patient’s
smartphone (n=1), and insufficient smartphone competence
(n=1).

The oncology nurses assisted patients in downloading the app
and setting up the treatment plan on their smartphones. In
addition, two focus groups were completed with 7 oncol ogists
and 7 oncology nurses, respectively. The main characteristics
of the participants are summarized in Table 1.
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Table 1. Demographic and treatment characteristics of the patientsin this study (N=9).

Characteristic Value
Gender, n (%)

Men 6(67)

Women 3(33
Age (years), n (%)

40-49 2(22)

50-59 4 (44)

60-69 2(22)

70-79 1(11)
Oncology treatment plan, n (%)

Chemoradiotherapy (radiation plus concomitant capecitabine) 6 (67)

I ntravenous chemotherapy every 3rd week plus capecitabine 3(33
Smartphone system, n (%)

|0S (iPhone) 6 (67)

Android (Samsung) 3(33)
L evel of education

College/university 7(78)

High school 2(22)

All patients were chemotherapy-naive, had a gastrointestinal
cancer, and wereindicated for capecitabine treatment. Inclusion
criteria were patients >18 years of age with the ability to
independently manage their medication and having good
knowledge of how to use a smartphone (ie, used their phone
for more than text messages and phone calls). The patients
installed the app on their personal smartphone when they started
the capecitabine treatment. All patients used the smartphone
app in addition to regular follow up.

Intervention

The smartphone app prototype was developed by a stepwise,
iterative process in a multiprofessiona group from St. Olav's
University Hospital and Norwegian University of Science and
Technology (NTNU) in cooperation with information and
technology communication system developers and designers,
facilitated by the Technology Transfer Office of NTNU. The

https://formative.jmir.org/2021/1/e20636

app is based on knowledge about capecitabine treatment and
the current procedures for monitoring of these patients at the
cancer clinic of St. Olav’s University Hospital. The source for
the side effect component was Common Toxicity Criteria,
version 4.03 [18]. Before starting the feasibility study, the
prototype version of the app was tested on 10 colleagues to
ensure acceptable usability.

The app hastwo main features: (1) supporting adherenceto the
medication (Figure 1) and (2) management and reporting of
side effects (Figure 2). The app alerts and reminds the patient
to take the drug at the right time and offers a calendar
visualization of the medication plan. The patients can register
side effects, and the app provides a patient decision support
system to cal the nurse at the cancer clinic if needed. The
prototype al so providesasummary of al side effectsregistered
in each capecitabine treatment cycle.
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Figure 1. Features of the app for supporting medication adherence.

» See calendar

>

Kongshaug et a

» Day 21 of 21

» Morning 8.30-10.30 am
3 pills at 500 mg

» Evening 8.30-10.30 pm
3 pills at 500 mg

Buttons for dosage, side effects reporting, and
information about the app and treatment

Figure 2. Features of the app for supporting management and reporting of side effects.

Du har registrert en eller flere

M easures

Datawere collected through semistructured interviews and with
the System Usability Scale (SUS) aswell asthrough two focus
groups [19-21]. The SUS is considered to be an easy, quick,
and reliable test of usability that is technol ogy-agnostic, which
is also available in a validated Norwegian translated version
[20]. The questionnaire was not designed for statistical use in
this study but was rather used as a starting point for the
semistructured interviews.

Data Collection

After 2 to 3 weeks on capecitabine treatment, a semistructured
interview was performed with the patient. All patients were

https://formative.jmir.org/2021/1/e20636

XSL-FO

RenderX

» Have you had any side effects during the last 24 hours?

. You have registered one or more side effects. Please call your
nurse, call [number to the responsible nurse at the cancer clinic]

" You can contact your nurse any time at [number to
the responsible nurse at the cancer clinic ]

interviewed once. Theinterview guide focused on the patients
experiences with the use of the app regarding correct
capecitabine adherence and reporting of important side effects,
experiences of safety of home-based chemotherapy treatment,
and the possibility to obtain adequate help from health personnel
when needed. The patients also provided information on a
Norwegian validated version of the SUS questionnaire. This
information was used as a starting point for the interviews.
Patient interviews lasted from 12 to 25 minutes. The patient
interviews took place at the hospital in an undisturbed room.
The focus groups (with physicians and nurses) took placein a
meeting room at the cancer clinic and lasted 60 minutes each.
One of the authors acted as group moderator. An external
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researcher was co-moderator and took field notes. The focus
group conversations covered the same topics as the patient
interviews, but from a heath personnel perspective. All
interviewsweredigitally recorded and subsequently transcribed.
Finally, the transcriptions were controlled against the recording.

Data Analysis

Data were analyzed according to the principles of systematic
text condensation [22]. This procedure consisted of four steps:
(2) getting atotal impression by reading all of the text materials
and identifying preliminary themes; (2) identifying meaning
units from both the technical aspects of the smartphone app and
its use by patients, oncology physicians, and nurses; (3)
abstracting condensates from each group and subgroup; and (4)
creating synthesized descriptions of the patients’, oncology
physicians’, and nurses’ experiences and opinions about the use
of the smartphone app in the follow up of patients on
capecitabine treatment. To some extent, we performed a
stepwise analysis before completing data collection.

Ethical Considerationsand Approval

Participants provided informed consent based on oral and written
information about the study and its purpose. The patients used
the smartphone app as a supplement to regular follow up with
pill dispensers and phone calls from the cancer clinic. All
interviews were audiotaped and transcribed without any
identifiable information so as to preserve the participants
confidentiality. The soundtrackswere del eted after transcription.
Data stored on the patients' smartphones were secured by apin
code. In this version of the app, the treatment plan was set up
by anurse on the patient’s personal phone, protected with apin
code unknown to the patient.

The Regional Committee for Medical and Health Research
Ethics, South East, Norway confirmed that their approval was
not required for this study (REK 2015/1581). The study was
approved by the Norwegian Centre for Research Data and the
Data Protection Officer for both the NTNU and St. Olav’'s
University Hospital.

Results

Overall Per spectives

The patients reported that the app aided them in adhering to the
drug plan through remindersto take the drug and self-reporting
of drug usage and side effects. The app al so served asamemory
aid, enabling them to learn more about the drug they were
taking, and provided reassurance. Health personnel at the cancer
clinic were concerned about the balance between making
themselves more available to the patients and being able to
handle the anticipated increase in the number of requests. When
the study participants visited the outpatient clinic, nurses and
physicians (with some exceptions) did not check the medication
history viathe app. Patients reported far fewer side effectsthan
anticipated.

Perceived Safety

One of the main findings of this study was that patients who
used the app felt safer. Both the alerts on when to take the drug
and which dose to take contributed to this feeling:
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..you get an alarm on your mobile. You always have
your mobile with you, it is a safety net. This was the
greatest benefit with it.

Despite being instructed otherwise, some patients came to
believethat theinformation they recorded on the app was shared
with the clinic without delay. Unsurprisingly, the thought of
having health personnel continuously monitoring their treatment
and eventual side effectsincreased their sense of safety:

...s0 you feel that you are better followed-up [by the
cancer clinic]. You know that if you register [the
data], that someone will see it. It probably gives a
better feeling of safety.

However, there was no such feature on the app version that the
patientswere testing. Hence, the use of the app madethe patients
believe they were being followed up more closely by the clinic
than they actually were.

Improved Memory and Interaction With the Clinic

The patients appreciated having access to a correct and always
updated phone number to a nurse in the clinic:

Even if | have good control of my [information]
sheets, it [the mobile app] is easier and more
available. | had something to report about side effects,
and they were there when you touched the screen,
and then you get a phone number, and | got in touch
with a nurseimmediately... That helps a lot.

According to the nurseinformants, this contrasted with previous
patient reporting, where they spent whole days waiting for a
nurse to call at day 3, 10, and 17 in the treatment cycle. Even
if they did not have bothersome symptoms, they focused on the
call at those specific days:

Many patients are at home all day, waiting for that
phone call.

Patients that recorded their medication history on the app
reported that they used these recordings to recount the details
of their experiences with taking the drug:

For instance, when you are on chemotherapy, your
memory is not as good as before you became ill, so
it'sa benefit that you record if the side effects started
on Tuesday or Thursday. It's a nice aid... Because,
thereisarelation between the [ treatment] doses, and
then it's easier to understand.

Hence, the app gave the patients an overview and a deeper
insight into their side effect profile, which seemed to support a
richer and more purposeful interaction with the clinic.

L earning Promotion and Independence From the
Clinic

According to the patients, the overview of serious side effects
was always readily available on their mobile device, and it was
quicker to open the app than having to find the information
sheet provided by the cancer clinic. Some patients regularly
used the app’s side effect component to assess their own side
effects and decide whether to report the side effectsto theclinic.
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| have been into this side effect part [of the app]
several times and assessed whether these are
symptoms | have or not. So, | haven't had side effects
which should be reported [to the cancer clinic].

This finding was supported by the nurses who focused on the
patients' opportunity to act more independently while treated
at home as the app assisted them in managing their own
treatment and conceivable side effects. The clinicians also
perceived the app as strengthening patients' adherence to the
right dosage and hel ping them to become more responsible for
their own treatment.

Suggestions for I mprovement

The patients wanted to share information about adherence and
side effects with their nurse and doctor:

| don't know if this [app] will be connected to the
electronic health record at the hospital or something
likethat? ... Then | thinkit really can be useful, when
the physicians can follow the adherence as well as
the side effects. | think everything about surveillance
and follow up is a good thing.

They also wanted an overview of all their hospital appointments
integrated in the app, including receiving short messagesif any
of their appointments were changed:

But, there is something about the administration of
the letters that we receive about appointments. They
could have been dropped. Could have used the app
instead. | think there are many opportunities here.

The patients expressed that they were ready for more digital
communication than was available through this app and
welcomed use of internet and smartphone tools for cancer
treatment follow up.

Reporting Side Effects

The physiciansfocused on therisk of information overload and
how to filter what they needed to know and act on versus what
not to engagein, given that the patientswith the app could report
on side effects whenever they wanted.

We walk around with [smart] watches and
measurements of blood pressure... Why do we need
all this information?... We need to have the
information which impacts on the cancer treatment.

The nurses also emphasized the need for a good system for
monitoring the patient registrations at the hospital, including
when to act on them. However, they also focused on how the
app could help patients take more responsibility for their
cancer-related symptoms and treatment.

Inits present design, the app did not allow for direct transfer of
side effect reports. Instead, the app encouraged the patients to
call the hospital whenever they experienced side effectsthat the
clinic should be made aware of. However, patients were
reluctant to use this function.

I had skin symptoms, then | saved and kept going to
the next one, but then | got the message that said |
should call my nurse, and... God, maybe | shouldn’t
have done that?
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As a result, patients reported far fewer side effects than
anticipated, in contrast to the clinicians' fear of information

overload.

Discussion

Principal Findings

Inthisfeasibility study, we have shown that cancer patients can
use a smartphone app to be reminded to take a drug and report
on their adherence to a cytostatic drug regimen in a reliable
manner. Despite the fact that the app enabled reporting of side
effectsand offered side effect—specific advice, the app obviously
failed to make patients comply with the hospitals’ guidelines
for immediate reporting of serious side effects and adaptive
adjustment of the therapeutic regimen.

Adherence is a known challenge for cancer patients on oral
chemotherapy [2]. Patients regarded the drug-take reminding
function useful and believed that it improved adherence. This
observation is in line with those of previous studies that have
explored the effects of drug-reminder apps in other clinical
domains[23]. The drug-take reporting function of the app points
toward amore comprehensive documentation of pharmaceutical
interventions in oncology. However, whether the app actually
increases adherence to the drug needs to be tested in a
randomized clinical trial.

Patients using the app reported that they learned more about
their treatment and that this made them less dependent on the
cancer clinic. Thismight imply that an app can be an important
supplement to the follow up by health care providers of cancer
patients on oral anticancer treatment. This is in line with the
results of Kessel et al [24] who showed that health-related
quality of life reporting from oncological patients through a
mobile app was accepted by patients.

An overall effect of the app was that it made the patients feel
safer by working as a proxy for the clinic. The app offered the
patients reassurance, assuming that they were very closely
monitored by the cancer clinic despite being informed that the
study version of the app did not have any feature allowing for
automatic communication with the clinic. This effect was not
intended and is an example of an unintended positive effect of
health information technology [25]. In our study, al of the
patients received standard follow up in addition to the app, and
therefore there were no related ethical or patient safety issues.
The next version of the app will be connected to the hospital
network, enabling clinicians to follow up on patient-generated
reportsin a population health manner [26,27]. The ability of an
app to provide reassurance to patientsthat suffer from achronic,
potentialy life-threatening disease could increase patients
adherence to the app and hence limit the well-known problem
of user attrition [28,29]. This line of thought will be explored
in future designs of the app.

In addition to objective parameters such as blood tests, correct
reporting of side effectsis akey for optimizing chemotherapy
dosage [30-32]. Despite potential benefits, there are both
technological and administrative challenges with integrating
side effect reporting into practice [33]. We found that the side
effect reporting function in the app served as a source of
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knowledge about side effects, but that the coupling between
registering side effectsand the following of rapid advicedirectly
from the clinic often made the patients refrain from reporting.
Taken together, the side effect reports failed to give a complete
picture of what the patients were experiencing. This fear of
reporting side effects could also be due to afear of cessation of
medication, possibly affecting their treatment negatively [34].
Motivated by the possibility of the side effect reporting, further
work on the design of the side effect component of the app is
needed, focusing on balancing the patients needs and
understanding of reporting, as well as the health personnel’s
needsto avoid information overload. With these aspectsin mind,
the new design of the side effect component of the app should
allow the patients to register nuanced grading of side effectsin
which only specified severe side effects triggers an alert to the
cancer clinic. Further work a so includes adesign change toward
the clinicians' need to find al patient data as a part of the
electronic health record.

Strengths and Limitations

Despite consistent findingsin the patient interviewsin this study,
the small number of patientsisalimitation to be overcomewith
future research. Another weakness is that the physicians, with
afew exceptions, did not use the app in their daily work. This
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may be due to the fact that all of the data were stored on the
patients' private smartphones and that many of the physicians
in abusy workday did not know who was included in the study
and subsequently omitted to ask the patients.

The context of the use of this app differs from most mHealth
appsthat are oriented toward achieving wellness, asthisis about
illness and all potential dangers associated with having cancer
and being exposed to risky therapies [35]. To our knowledge,
thisisthefirst study that indicates an app’simpact on thefeeling
of reassurance while using potentially toxic cancer medication.
These results aso provide a more complete picture of the
adherence and side effects than we recently obtained with phone
cals to the patients on specific days during the treatment
schedule.

Conclusion

The growing number of new ora anticancer therapies
encourages new thinking of the follow-up routines for this
specific patient group. In conclusion, this app can be a helpful
tool for supporting patients in the home-based part of their
cancer treatment. The app must meet both patients and
clinicians' needs, but the patients' and clinicians' requirements
for usefulness are not necessarily identical.
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Abstract

Background: Several countries have launched health information technology (HIT) systems for shared electronic medication
plans. These systems enabl e patients and health care professional s to use and manage acommon list of current medications across
sectors and settings. Shared electronic medication plans have great potential to improve medication management and patient
safety, but their integration into complex medication-related processes has proven difficult, and there is little scientific evidence
to guide their implementation.

Objective: The objective of this paper isto summarize lessons learned from primary care professionalsinvolved in a pioneering
pilot project in Switzerland for the systemwide implementation of shared el ectronic medication plans. We collected experiences,
assessed the influences of the local context, and analyzed underlying mechanisms influencing the implementation.

Methods: In this formative action research study, we followed 5 clusters of health care professionals during 6 months. The
clusters represented rural and urban primary care settings. A total of 18 health care professionals (primary care physicians,
pharmacists, and nurses) used the pilot version of a shared el ectronic medication plan on a secure web platform, the precursor of
Switzerland’s el ectronic patient record infrastructure. We undertook 3 group interviews with each of the 5 clusters, analyzed the
content longitudinally and across clusters, and summarized it into lessons learned.

Results: Participants considered medication plan management, digitalized or not, a core element of good clinica practice.
Requirementsfor the successful implementation of ashared electronic medication plan weretheintegration into and simplification
of clinical routines. Participants underlined the importance of an enabling setting with designated reference professionals and
regular high-quality interactions with patients. Such a setting should foster trusting relationships and nurture a culture of safety
and data privacy. For participants, the HIT was a necessary but insufficient building block toward better interprofessional
communication, especialy in transitions. Despite oral and written information, the availability of shared electronic medication
plans did not generate spontaneous demand from patients or foster more engagement in their medication management. The
variable settings illustrated the diversity of medication management and the need for local adaptations.

Conclusions:  The results of our study present a unique and comprehensive description of the sociotechnical challenges of
implementing shared electronic medication plansin primary care. The shared ownership among multiple stakeholdersis a core
challenge for implementers. No single stakeholder can build and maintain a safe, usable HIT system with up-to-date medication
information. Buy-in from all involved health care professionals is necessary for consistent medication reconciliation along the
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entire care pathway. |mplementers must balance the need to change clinical processes to achieve improvements with the need to
integrate the shared electronic medication plan into existing routines to facilitate adoption. The lack of patient involvement

warrants further study.

(IMIR Form Res 2021;5(1):€22319) doi:10.2196/22319

KEYWORDS

shared electronic medication plan; medication list; medication reconciliation; electronic health records; primary care; national
eHedlth strategy; Switzerland; participatory action research; complex adaptive system; eHealth; medication; health information

technology; implementation

Introduction

Medication processes are crucial for improving patient
outcomes, and at the same time, medication-related errors are
one of the main causes of the overall burden associated with
adverse events [1]. Only 4% to 21% of patients receive the
optimum benefits from their medication use [2]. Avoidable
adverse drug events account for approximately 5% of hospital
admissions [3]. According to the World Health Organization,
amore responsible use of medicines could save up to US $42
billion annually worldwide by reducing medication-related harm
[4,5].

Medication errors occur in al health care settings, but more
commonly in ambulatory care [6] and during care transitions
because of the loss or incomplete transfer of information about
patients medications [7-9]. About 55% of patients risk having
one or more unexplained differences in their documented
treatment plans across different health care services [10]. The
problem is ubiquitous and has an impact on patients and health
care systems globally [7], including in Switzerland [11-13].

Medication reconciliation (MedRec), the process of creating
and managing the most accurate list of the medications that a
patient is taking [14], can prevent such events at interfaces of
care. However, it is difficult because medication regimens are
increasingly complex [15] and multiple disparate actors are
involved [16,17]. It is perhaps unsurprising that despite
significant efforts to implement it, MedRec is still only
progressing slowly in many countries [17]. For example, in
Switzerland, systematic MedRec has only been tested in afew
pilot projects and has yet to be implemented across the whole
country [11].

Health care organizations have invested in health information
technology (HIT) systems to address these difficulties [18].
Such systems should help overcome insufficient access to
up-to-date information, low efficiency, and organizational issues
[17]. Moreover, they should help reduce stress among patients
and workloads among staff caused by lack of information while
avoiding risky workarounds and improving the quality of care
[19]. Although the great potential for HIT investment is
acknowledged internationally, approaches and strategies vary
[20].

Several countries have launched HIT systems for shared
electronic medication plans, which allow multiple health care
professionalsto use and manage their common patient’s current
list of medications [20-22]. The core information in a shared
electronic medication plan system is made up of the clinical

http://formative.,jmir.org/2021/1/e22319/

decisionsrelated to the treatment plan, such as adding, adapting,
or stopping medications. The architecture used for a shared
electronic medication plan system (eg, in Denmark [23])
contrastswith that of other systemsthat automatically calculate
a patient’s current medication list from dispensing and
e-prescribing databases (eg, France [24], Ireland [25],
Netherlands [26]), but not all clinical or self-care decisions
necessarily end up on paper, in an electronic prescription, or in
dispensing notes. Thelatter automatic systems, therefore, appear
limited in terms of information accuracy, whereas a digital
shared medication plan fundamentally relies on the system’s
joint and regular usein clinical practice to ensure consistently
reconciled medication information along the patient’s entire
care pathway.

Implementing HIT systems for shared medication plans is
challenging. System usability and its integration into clinical
workflows is essential for medication list accuracy [23,27,28].
Attention should be paid to clinical and administrative
workflows and system design [22,29,30] as well as to easily
accessi bleinformation technology and clinical support [31,32].
Theneedto clarify professionals' responsibilities has often been
raised [28,33,34]. Similarly, introducing a predefined process
for using and managing patients’ shared medication plans has
been claimed as a solution [30,31,33]. In addition, trust must
be built into the system by making the shared information
reliable[27,28,34] and ensuring the privacy and security of data
[28,32,35]. Unfortunately, evidence-based strategies for
implementing such asystem cannot be derived from these often
heterogeneous and highly contextual studies.

However, these studies haveillustrated the sociotechnical nature
and complexity of implementing a digital shared medication
plan. Systemwide HI T implementation projects should embrace
this complexity and consider strategic, managerial, and social
aspects in addition to technological challenges [36-38]. One
approach is using formative research to create collaborative
learning opportunitiesin these complex situations[39-41]. Such
research aims to interpret and understand the potential effects
of an HIT implementation project rather than predict them.
Insightsinto the key mechanisms affecting the success or failure
of complex programs of change, such as the implementation of
shared el ectronic medication plans, can support stakeholdersas
they seek to build on local experiences.

With this in mind, we designed a formative action research
study of apioneering Swiss pilot project using shared electronic
medication plans on an eHealth platform. We aimed to produce
practical knowledge for use in the implementation of shared
electronic medication plans on a larger scale. The study
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objectives were to learn from the local experience of 5 clusters
of primary care professionals, assess the influences of context,
and describerelated mechanismsin order to achieve the efficient
use of digital shared medication plans for safer, more effective
patient care.

Methods

Design

This formative participatory action research (PAR) study
followed 5 clusters of health care professionals over 6 months
using 3 interviews per cluster and amodel to guide an iterative
inductive thematic analysis.

PAR isacollective, self-reflective investigation undertaken by
researchers and participants together [42]. It connects actions
influenced by context, culture, and history and is embedded in
social dynamics. The strengths of PAR are responsiveness to
context, the engagement of frontline health care professionals,
and afocus on the mechanisms of implementation that can help
bring about real-world service improvements [43].

Throughout the successive meetings with participants, we
followed the iterative process proposed by Loewenson et a
[44], using the steps of systematizing experience, collectively
analyzing and problematizing, reflecting on and choosing an
action, taking and eval uating action, and systematizing learning.
We invited each group of participants to define their collective
commitments at the first meeting. The reflective process was
stimulated by asking questions such as “What is going on?’
“How do we continue?’ and “What are our main lessons
learned?’ We also ensured that all the lessons|earned that were
documented by researcherswere proposed for further discussion
or refinement.

Context

The study was embedded in the pilot project for the
implementation of shared electronic medication plans on the
regional eHealth platform for the Nord Broye region in the
canton of Vaud [45]. We recruited health care professionals
into local study clustersfrom among the 36 general practitioners
(GPs) and 36 pharmacies who had cared for the 193 patients
participating in the pilot project from 2013 to 2018 (Figure 1).
Primary care professionalswerefreeto enroll in the pilot project
led by the regional network for care coordination, which was
sponsored by their respective corporation and public authority.
Patients using at least three medications regularly were invited
to join the pilot project’s medication management program.
Care professionals communi cated to patientsdirectly, whilethe
pilot project team provided leaflets and information online.
They nominated a GP and a pharmacy as reference points to
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manage their medications, and they committed to consulting
and procuring their medication only from them while sharing
all necessary information completely.

Thedigital solution chosen for the shared medication planswas
an online platform for creating, using, and managing a list of
all the medications a patient was taking and had taken in the
past [22,46]. A shared electronic medication plan must be
accessible, complete, and updated at every contact between the
patient and an intervening health care professional.
Technologically, this solution was envisioned asan interoperable
system based on the pharmacy profiles defined by the Integrating
the Healthcare Enterprise (IHE) consortium [47]. During the
pilot project, the definition of a nationa e-medication
interoperability standard based on IHE pharmacy HL7 CDA
was under devel opment (interprofessional working group from
2015, recommendation published in 2017) [22,48]. The users
accessed the shared medication plan through a secure web portal
with two-factor authentication. Patients could access their
medication plan online or receive a printed one. Professionals
had to enter all datamanually in addition to filling out the usual
paper documentation becausetheir clinical software applications
were not yet integrated.

The solution isamodule of the web platform developed for the
cantons of Geneva and Vaud in anticipation of Switzerland's
electronic patient record (EPR) system, a nationa digital
inventory of al the relevant health data concerning the country’s
patients [22]. The EPR is based on decentralized information
exchange infrastructure. Several regiona platforms have been
implemented that are run by private or public entities but
overseen nationally by the federal law of 2017 [49]. Patients
own their data and share them with health care professional s of
their own free will. Primary care physicians are free to choose
whether they want to join the EPR (opt in), whereas all hospitals
are obliged to be connected. Swissnational policy acknowledges
the importance of e-medication [50,51], but an overall strategy
has not yet been defined.

Switzerland's political cultureis liberal, and the 26 cantons of
the federal state have far-reaching autonomy regarding the
organization of health care [52]. Patients can access the health
care professionals or specialist physicians of their choice. GPs
only have a gatekeeper function in some optional insurance
plans. As of 2020, there are no shared patient registers. Among
the member states of the Organisation for Economic
Co-operation and Development (OECD), Switzerland has
below-average digital maturity [53], and 30% of its GPs still
use paper-based patient records, far behind their colleagues
from the European Union, of whom only 4% rely on paper.
Finally, there are no regulatory or other specific incentives for
the vendors of medical or pharmaceutical record software.
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Figure 1. Description of the shared el ectronic medication plan system used in the regional pilot project. The web portal was not integrated with usual
systems used by care professionals, as the national standard for e-medication based on IHE Pharmacy HL7 CDA was a work in progress during the

pilot.

Theoretical and Conceptual Framework

Organizational innovationsin health care often fail because the
complexity and adaptability of the health system are
underestimated [54-56]. Recognizing health care as a complex
adaptive system (CAS) means focusing on the dynamic
interactions between individuals and organizations across the
entire system. When seeking to initiate change in a CAS,
sensemaking and learning about it are more important than
planning and controlling the changeitself. By definition, aCAS
isunpredictable, but some simplerules(ie, guiding principles),
can help foster transformation [55,57-59].

Creating a common electronic patient health record
incorporating a shared medication plan is in itself a complex
sociotechnical intervention; the technological component of the
intervention is influenced by and influences every user's
behavior, as well as the organization and context [60]. We
developed amodel (Figure 2) of how different elements of the
implementation of the shared el ectronic medication plan might
be linked to expected resuilts.

We based our model on Lilford et al’s[61] approach to mapping
policy and service interventions with regard to structures,
processes, outcomes, and intervening variables. In the pilot
study, the introduction of the shared electronic medication plan
system affected the participating health care organization
structures and required adaptions of their work processes. Some
participants al so combined the shared medication plan use with
other clinical interventions, such asmedication review. All these
elements as a whole system led to health care outcomes.
Although we did not want to predefine the intended outcomes
of safer and better patient care, we did specify that the continuity
of care, claimed asamain policy ambition for the pilot project,
should be not only at the informational level but also at the
relational and management levels, as per Haggerty et a’s [62]
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definition. It is aso essential to consider the intervening
variables, asthey areinterrelated with the structural and process
factors mediating the outcomes. For instance, a patient’s trust
in their pharmacy and its staff (intervening variable) is
influenced by the availability of a spacein the pharmacy where
they can talk in confidence (structure), whether a dedicated
pharmacist follows up with a chronic patient (generic process),
how information is given when dispensing a pillbox (clinical
process), and the consequent safe use of medicines (outcomes).
In the present study, the main intervention is at the policy level:
implementing shared el ectronic medi cation plans on the eHealth
platform intheregion. Our study sought to leverage health care
professionals’ experiences to assess contextual influencesfrom
asystemic perspective. For thisreason, the model specifiesboth
the context and the readiness of the provider or the patient, as
structural factors can be respectively external or internal of the
health care providers.

The information system itself was added to the model as a
transversal dimension, based on the eHealth Clinical Adoption
framework defined by Lau et a [63]. Those authors described
how the successful adoption and benefits of HIT depend on its
quality. The overal quality of HIT is made up of the qualities
of the system, the service, and the information available. For a
shared record system, because the quality of information is
made up of shared content, it is strongly dependent on the
quality of usage. This is why our model illustrates the
interrelation of the perceived quality of the shared electronic
medication plan system, the quality of itsusage, and the quality
of the shared content as distinct dimensions. Finally, the model
describes the shared el ectronic medication plan’s overall added
value in terms of the improved elements in the continuity of
care and the benefits of HIT.
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All the dimensions in our model helped us to break down and
make sense of the implementation of the HIT, potential
interventions, and the points requiring study. The two essential
new elements brought in by the pilot project were the addition

Bugnon et al

of ashared electronic medication plan system onto an existing
eHealth platform and a new collaborative model based on the
patient-GP-pharmacy triad to make primary care medication
management safer in cases involving polypharmacy.

Figure 2. Proposed model for the implementation of a shared electronic medication plan system. GP: general practitioner; HIT: health information

technology; SEMP: shared electronic medication plan.
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Recruitment in the Study, Sampling, and Ethics

Invitations were sent to the group of 36 GPs and 36 pharmacies
who had been enrolled in the pilot project. From those who
volunteered, we created clusters consisting of at least one
pharmacist from an enrolled pharmacy and one GP who were
responsiblefor at least one common patient enrolled in the pilot
project. Each cluster could invite other primary health care
professionals involved in their local settings, such as a home
care nurse. We characterized each cluster by urbanization
density classification [64]. All participants consented according
to the canton of Vaud'slegal, privacy, and ethical requirements.
No patient data were collected.

Data Collection and Analysis

Two researchers, a pharmacist and GP respectively, both with
research training and experience, collected and analyzed the
data (Figure 3). They were not enrolled in the pilot project (ie,
did not count in clusters) but were familiar with the settings,
and they knew some of the participants professionally.

Between May 2018 and January 2019, each cluster participated
in 3 group interviews whose main topics of investigation were,
respectively, (1) motivations and commitment, (2) experience
and refinement, and (3) synthesisand learnings. Interview guides
(Multimedia Appendix 1) for each round were prepared using
the conceptual model as a basis. The investigators guided
participants toward thinking about the added value of the
eHealth platform and the collaborative model of care as 2
interdependent components associ ated with theimplementation
of patients shared medication plans. Participants were first
encouraged to share and reflect on their experiences of initiating

http://formative.,jmir.org/2021/1/e22319/
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and managing the medication plan, using the platform,
interacting with patients about medication lists, and
collaborating with other professionals. These experiences then
nurtured discussions on the contextual or organizational factors
influencing implementation and on therole of shared electronic
medication plans in achieving safer, more effective care. The
investigators facilitated exploration of the different themes that
emerged from each group in order to increase diversity across
clusters. During the last cluster meeting, participants also
discussed and summarized the most important practical
knowledge that should be disseminated to stakeholdersinvolved
in the future development and scale-up of shared electronic
medication plan systems.

Data collection and analysis were iterative so that each group’s
experiences could be collected and synthesized longitudinally
and data across clusters could be analyzed horizontally to
condense them into themes. Finally, we conducted a secondary
thematic content analysis to condense the themes into lessons
learned, or lessons intended to describe the simple rules
underlying the mechanisms related to the implementation in a
CAS.

Following the principles of PAR, we proposed refinements to
and requested validation from participants at each step of the
study. Furthermore, we presented the lessons learned at a
stakeholders meeting, which included participants and
representatives of other stakeholdersin theregiona pilot project.
Thisgavetimefor discussionsand dialogue on setting prioritized
next steps. We also attempted to enhance the reliability of our
research by having dataanalyzed by the 2 main researchersand
then by aresearcher outside the pilot project [65].
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Figure 3. Datacollection and analysis. GP: general practitioner.
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professionals. Consequently, 18 volunteers had no patients in
common with any other volunteer professionals and thus were
excluded in this study. The 13 participants invited 5 extra
primary health care professionals into their clusters, for atotal

Among the 36 GPs and 36 pharmacies who were enrolled in - ¢ 18 participants (Table 1). We conducted 15 group interviews
the pilot project, 31 volunteered for this action research study. 14t |asted 60 to 105 minutes.

A total of 5 clusters were identified, including 13 care

Results

Participants

Table 1. Characteristics of the 5 clusters.

Cluster Cluster location Participants

1 Town (semidense) GP?, 2 pharmacists from different pharmacies, amedical secretary specialized in care coordination, and
ahome care nurse

2 Town (semidense) GP also working in local hospital emergency unit and 2 pharmacists from different pharmacies

3 Rural area (dispersed) GP, pharmacist, and independent nurse in GP practice

4 University center for prima-  GP, 2 pharmacists, and scientific collaborator

ry carein acity

5 City GP, pharmacist, and home care nurse, all responsible for a nursing home

8GP: general practitioner.

L essons Learned
An overview of the lessons learned is presented in Textbox 1.
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Textbox 1. Lessons learned.

Bugnon et al

Lessonslearned, to beused in the strategy for the systemwide implementation of shared electronic medication plansimproving primary care

medication processes

1. Information sharing during clinical routines must be simplified and secured by integrating shared electronic medication plans into existing

processes and health information technology systems.

o M~ W N

organizational model.

6. Theavailability of the shared electronic medication plan did not generate spontaneous demand from patients or foster more engagement in their

medication management.

7. Adopting a shared electronic medication plan istriggered by a culture of patient safety and data privacy.

8. Fostering trusting relationships at all levelsis essential.

9. Legdl, financial, and governance framework conditions influence the uptake and impact of shared el ectronic medication plans.

10. A shared electronic medication plan is a necessary building block of communication about medication, especialy at transitions, but it is not a

sufficient one.

A medication plan, whether digital or not, is a matter of good clinical practice.
Designating reference professional's ensures the exhaustivity and continuity of the medication information communicated.
Regular high-quality interactions between patients and professional s strengthen the continuity of medication plan management.

Implementing a new tool, ensuring good clinical practice, and increasing interactions for coordination require more resources and an adapted

Lesson No. 1: Information Sharing During Clinical
RoutinesMust Be Simplified and Secured by | ntegrating
Shared Electronic Medication Plans | nto Existing
Processesand HIT Systems

Participants consistently emphasized the need to integrate the
shared electronic medication plan system into their usual
electronic medical records systems and pharmacy management
systems:

Its integration into my usual software is crucial to
simplifying my work. [GP, cluster 3]

The workflow is sometimes intense... and we are a
team... only integration can enable reliable
information sharing on any contact with the patient.
[Pharmacist, cluster 5]

During the pilot project, participants had to document the
medication-rel ated decisionsin both the shared system and their
usual patient record system. They feared this double
documentation could cause errors, and they expressed frustration
about redundant work:

For the small number of patients we are following
[about 10], it's okay, but we couldn’t do it properly
for every patient without a certain degree of
automati zation and integration with our usual system.
[Pharmacist 1, cluster 2]

The shared electronic medication plan system’s overall good
usability and integration with current clinical software was
considered a sine qua non for meaningful implementation.

Participants highlighted integration issues as crucial, and they
deplored their dependence on their software vendors to better
integrate the shared electronic medication plan in their own
system. They were critical of the national strategy, which
foresees standards of interoperability but leaves system
integration to market forces:

http://formative.,jmir.org/2021/1/e22319/

As clients, we are captives of our medical software
vendor. What can you [ the public administration] do
to leverage integration? [GP, cluster 3]

Poor current levels of competition in the market for medical
records or pharmacy systems was also mentioned as a barrier
to integration.

Lesson No. 2: A Medication Plan, Whether Digital or
Not, I|sa Matter of Good Clinical Practice

Participants proposed that professional attitudes and clinical
work processes were even more important than HIT systems
for improving medication management:

You [the investigators] are working to set up a great,

relevant system...but we could likely do better with

aless sophisticated tool....Working with a medication

plan should be a matter of good practice! [GP, cluster

1]
During group discussions, participants mentioned that
prescribing drugs without aholistic view of all the medications
apatient istaking and communication of the current medication
plan to other health care professionals involved were both not
uncommon.

Notwithstanding that heath care professionals are legaly
responsible for the safe use of medications, the responsibilities
for creating, maintaining, and communicating medication plans
were not always clear. Multiple physicians write prescriptions,
but they do not always maintain an overview of the patient’'s
entirelist of medications, which risks causing the patient serious
problems. For example, participants revealed that some older
patients accumulated numerous medications from various
prescribers with no awareness of the potential for drug-drug
interactions. It was argued that procedures, standards, or even
regulatory actions were needed to clarify responsihilities,
regardless of the implementation of any new HIT systems.
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Lesson No. 3: Designating Reference Professionals
Ensuresthe Exhaustivity and Continuity of the
Medication I nformation Communicated

Participants recognized that formalized roles and relationships
between patients and their GPs and pharmacists improved the
exchange of information about medications. During the pilot
project, patients registered with one GP and one pharmacy as
health care professiona reference points and committed to
sharing all their medication-related information with them. This
wasamajor changefrom the usual practicein Swiss health care:

When she enrolled, one of our patients informed us
that shereceived a neuroleptic drug froma specialist
by post. None of us knew! She is a typical
polypharmacy patient who regularly comesto us for
her medicines....\\e did not expect that from her at
all. [Pharmacist, cluster 3]

Formalizing these associations|ed to more accurate medication
lists through improved relational continuity and clear channels
of communication with other heath care providers and
professionals, such as hospitals or specialist physicians. These
formal reference persons were also seen as key facilitators
during the scaling-up transition period from multiple sources
of medication information to one systematically used shared
electronic medication plan system.

Lesson No. 4: Regular High-Quality I nteractions
Between Patients and Professionals Strengthen the
Continuity of Medication Plan Management

Whereas the shared electronic medication plan improves
documentation and information exchange, the validity and
relevance of information about medications depend on the
quality and regularity of the interactions between patients and
professionals:

After some time...after doing regular reviews and
interacting with the patient,...that's how you get to
know—when the trust is built—the things that matter
to them, their worries...and they may even confess
how they really manage their medication! Fromthere,
you can really care for them and support them on
their pathway. [Nurse, cluster 3]

To illustrate this point, participants mentioned common
activities, such as medication reviews, theidentification of side
effects, and the evaluation of adherence or support for
administration. Theseinterventions could al so serve asimportant
checkpoints for the accuracy of the medication plan.
Furthermore, participants suggested that associating the
implementation of shared el ectronic medication planswith these
other important activities could accel erate their adoption.

Lesson No. 5: Implementing a New Tool, Ensuring Good
Clinical Practice, and Increasing I nteractions for
Coordination Require More Resources and an Adapted
Organizational Model

Not all primary health care professionals are equally ready to
adapt their daily clinical practice for better patient follow-up
and coordination activities. Although a shared electronic
medication plan system hasthe potential to increase efficiency,

http://formative.,jmir.org/2021/1/e22319/
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the adoption capacity of providers depends on the availability
of competent staff, flexibility, adequate facilities, and an
effective organizational model:

With the pharmacy team, we have participated in
several pilot projects on new services....\e hired an
extra pharmacist.. .but the ones[ie, other pharmacies
and their staff] that do not invest will likely not
manage to evolve and will struggle more with the
regular follow-up of patients who do have a [ shared
electronic medication plan].... [Pharmacist, cluster
9]

We have now agreed on how we proceed with patients
who are followed by the practice [from the cluster]
and come to the pharmacy after hospital
discharge...and that the nurse provides
communication if there is a change. [Pharmacist,
cluster 3]

They highlighted that the introduction of new roles and
competencies, such asthe medical secretary specializedin care
coordination, the independent nurses in GP practices, or the
clinical pharmacist for pharmaceutical care, wasstill at the early
stage of devel opment in the region and that the financing model
was not yet well established.

Lesson No. 6: The Availability of the Shared Electronic
Medication Plan Did Not Generate Spontaneous Demand
From Patients or Foster More Engagement in Their
Medication Management

Participants reported that very few patients showed interest in
exploring or using the shared electronic medication plan. Oral
and written information given out at project inclusion and
through promotional flyers in the waiting areas of GPS
practices, in pharmacies, or online had not seemed to make a
difference. Some specul ated about explanationsfor this apparent
lack of interest:

Some young and some elderly [ declined accessto the

web portal]. It did not seem to be a matter of age,

even if there were some technological barriers in

some cases. [Nurse, cluster 3]

They accepted [ participating in the project] because

| stated that it would be good for them. [GP, cluster

2]
Patients seemed to have alimited understanding of the processes
of medication management and had difficulties viewing its
potential in terms of improvements to quality and safety.
Accordingly, the rationale for the shared el ectronic medication
plan and how it functioned remained obscure to them:

When we came to this patient, with all these forms,
to ask himif he'd sign to agree that his regular GP
and pharmacy—who he'd known for a long
time—could communicate about his medication...he
was like, “How come? You do that usually, don’t
you?” He was very surprised and kind of worried!
[Pharmacist 2, cluster 4]

Apparently, this patient had taken it for granted that reasonable
communication processes existed between his GP and his
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pharmacy. He had not been aware of the regul atory and practical
barriers to sharing health-related information.

Study participants further argued that the intention behind the
design of the shared electronic medication plan system had not
been to engage patients:

The medication plan could also be a tool for extra

interventions with the patient, like patient education,

but it can also just be simply printed from our

software....At the moment,...the [shared electronic

medication plan] isn't designed as a specific tool to

foster patient engagement. [Pharmacist 1, cluster 4]
Thus, to date, patients have not been considered active
participants in their medication management, and the HIT
system was not designed to foster patient empowerment.

Lesson No. 7: Adopting a Shared Electronic Medication
Plan Is Triggered by a Culture of Patient Safety and
Data Privacy

Participants noted the ambiguity between sharing health-related
information to improve medication management and safety and
the need for data privacy and confidentiality:

I's a question of balancing benefits and risks.
Chronic patients with polypharmacy are more likely
to benefit and realize itsimportance. [GP, cluster 5]

The fear of privacy related to digital technology, often fueled
in the media, can hinder adoption. Participants pointed to the
need to address habits and culture during the shared electronic
medication plan system’s implementation:

The use of shared recordsis essential for medication
safety, but this challenges habits and perceived
responsibilities, especially among older generations
of doctors. This cultural shift should be supported,
and it should start with new doctors during their
education. [GP, cluster 4]

Transparent evaluation was identified as a means of
demonstrating the clinical benefits and nurturing adialogue on
privacy and patient safety.

Lesson No. 8: Fostering Trusting Relationships at All
Levels|sEssential

Participants repeatedly highlighted the importance of trust in
the implementation of the shared electronic medication plan:

It [the shared electronic medication plan’s use by the
patient-GP-pharmacy triad] should be based ontrust.
[Pharmacist, cluster 1]

Trust between patients and professionals is required for
medication plansto have any value; trust between professionals
fostersinformation exchange; and trust between HIT providers,
health care professionals, and the state facilitates
implementation. Trust inthe HIT can be diminished by breaches
of confidentiality and the misguided implementation of eHealth
systems. Conversely, participants appreciated the present study’s
collaborative design because it fostered trusting relationships
among them:
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It [participating in the study] brought us around the
table, gave us time to get to know each other and
discuss....Although weregularlyinteract, it isalways
brief. [Pharmacist, cluster 1]

It [ participating in the study] helped to reach a better
mutual understanding and create a climate of
collaboration. [GP, cluster 2]

Lesson No. 9: Legal, Financial, and Governance
Framework Conditions|nfluencethe Uptakeand | mpact
of Shared Electronic Medication Plans

Group discussions repeatedly mentioned the crucial importance
of the legal, governance, and financial conditions surrounding
medication management. Questions were raised about the
mandatory or facultative use of the shared el ectronic medication
plan system, its legal status, and different users legal
responsibilitiesin the case of adverse events, discrepancies, and
incompleteness:

If the [ shared electronic medication plan’s] use were
mandatory by law [for all health care professionals],
at least then I'd think that we could rely on it
more....If not, you will alwayswonder if it iscomplete
or not....You're supposed to trust the list, not just
consider if it's the truth or not when you are making
decisions.... [GP, cluster 2]

Inthe pilot project launching phasein particular, concernswere
raised that a lack of professional adherence would impede
scale-up:

| need to be sure the plan is complete and updated... .If
not, | won't useit. But if everyone avoids using it for
the same reason,...no one will ever update it. [GP,
cluster 5]

Indeed, the participants were divided about whether to make
the shared electronic medication plan mandatory. Some
emphasized the legitimacy of an official status, arguing for
mandatory participation for all health care professionals. Others
advocated for a more specific strategy to enhance the
involvement of health care professionals, for example, via
financia incentives for both patients and health care
professional s when they signed up for a collaborative model of
care.

Participants were concerned about the shared electronic
medication plan system’s governance and how their active
involvement to manage it would be financed. Here, they
perceived theliberal approach to organizing Switzerland’'shealth
careto beamajor challenge:

It is important to clarify the roles and
responsibilities....But who should decide? [Nurse,
cluster 1]

The current model of reimbursement for health care
professionals’ activities was also considered a barrier because
of its poor financia incentives for collaborative care
management activities and the lack of consistency among
reimbursement models:
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Updating the plan, making sure it is complete;
explaining; answering questions the patient may
have—it all takestime! But to date, we are not directly
paid for this....The negotiations with the health
assurance companies [ie, the payers in the system]
are going to be complicated. [Pharmacist, cluster 3]

One example of theinconsistency in health care professionals
payments is the support for medication management:

Patients we have known for a long time...suddenly
disappear becausethe GP callsfor homecare services
to follow-up. They prepare the pillbox at the dining
table while chatting with the patient or the
family—there is a much higher risk of errorsthanin
a secure double-checked process in the pharmacy.
We often know the patient’s preferences, their habits,
history, story,...but we are not involved anymore.
[Pharmacist 1, cluster 1]

Even when there is a local consensus, the financia readlity is
that:

For homecare services, it'sthe way they are financed
for entering the home to better assess and follow-up
a dituation that is getting more complicated....The
psychosocial support is not really reimbursed....”
[Nursg, cluster 1]

The current reimbursement system for coordinating activities
(especially in complex cases), reviewing medication, and
supporting patients with their medication use and adherence
was perceived to be a hindrance to regular, in-depth updating
of the shared el ectronic medication plan. Switzerland’s general
governance and financing systemsfor health care services may
themselves pose a challenge to safe and meaningful scale-up
of shared electronic medication plans.

Lesson No. 10: A Shared Electronic Medication Plan
System I sa Necessary Building Block of Communication
About Medication, Especially at Transitions, but It Is
Not a Sufficient One

While participants appreciated the shared el ectronic medication
plan as a useful building block in a system for medication
management, they cautioned that communication problems,
especially during transitions, were much broader:

All the issues related to care transitions go beyond
the scope of medication information....You need to
take into account many factorsto adapt care, starting
fromthe patients' pathways and their specific medical
conditions. [GP, cluster 2]

For exampl e, participants mentioned that few hospital units had
properly implemented MedRec and that the introduction of
shared electronic medication plans aone would not directly
change that.

Participants|amented the lack of standardized communication,
especialy between the GPs or the pharmacy and home care
services or hospitals:

Actually,...communication between the pharmacy and
the doctor works pretty well. We work with the
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prescriptions, and sometimes we call each other if
needed,...but the main issues are with the multiple
homecare services organizations operating for our
patients....Even public organizationswork in different
ways [eg, medication management, communication
of lists]. [GP, cluster 3]

Most of the troubles come when the patient's
hospitalized.... [GP, cluster 1]

They highlighted the risk of losing or misunderstanding
information due to heterogeneous communication habits and
multiple channels of exchange. They hoped that the shared
electronic medication plan system would contribute to the
standardization of medication information and encourage better
communication among professionals.

Overall, participants highlighted that the shared electronic
medication plan system had the potential to trigger
improvements beyond its original specific scope:

It's like a big, complex ball of wool, with many
knots....You have to start somewhere, to pinch one
strand to start untangling it....You cannot pull it in
all directions at once. [GP, cluster 2]

Discussion

Principal Findings

Health care professionals and patients alike need an accessible,
common, complete, and accurate list of all the medications the
patient istaking. However, introducing shared medication plans
has proven difficult in several countries, and guidance for their
implementation seems needed. We have presented 10 lessons
learned from the first pilot project in Switzerland attempting to
implement shared electronic medication plans, and we discuss
thisin light of studies from other contexts.

Clearly, no single organization can create and implement a
comprehensive, robust, and user-friendly shared electronic
medication plan system alone; HIT companies, policy makers,
project teams, and the system’s users—both professionals and
patients—must also collaborate. Given the systemic and safety
implications of implementing eHealth projects, public health
authorities are taking significant steps to improve the usability
of HIT systems [66]. The pilot project suffered from alack of
cooperation among HIT, clinical, and policy stakeholders and
from weak enabling framework conditions, especialy at the
federal level. These external issues prolonged the project phase,
contributed to the lack of evolution of the eHealth platform and
the absence of integration with other HIT applications, and
ultimately led to disengagement by health care professionals.
Usability “does not heal by itself” [67] through market
competition. Federating the stakeholders in an appropriate,
adaptable framework involving collaboration and policy
coordination isasine quanon for the successful implementation
of ambitious eHealth projects. Building a shared electronic
medication plan system implies a shared ownership.

Implementing a shared electronic medication plan system and
improving clinical practice is acomplex process. Stakeholders
faceadilemma. On the one hand, better clinical practicerequires
change, which technology can support. On the other hand, the
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new technology needs to be fitted to an existing process to
increase its acceptance. Study participants emphasized that
improvements required good clinical practice, trust, and
collaboration. Technology alone, therefore, is clearly neither a
prerequisite nor a guarantee for safer work processes; rather, it
acts as a catalyst [60] for the simultaneous innovation of the
technology, processes, and relationships [68,69]. eHealth
platforms could be better implemented by using approaches
from quality improvement [70] and service design [71].
Combining HIT system design and clinical practice
improvement within a shared electronic medication plan’'s
implementation  strategy could likely prevent the
chicken-or-the-egg dilemma and better leverage synergies.

A shared electronic medication plan should improve
coordination in variable and changing contexts by using the
same common regional HIT system. We accepted any
proposition from the participants and found variability in how
the shared el ectronic medi cation plan wasinitiated and updated
acrossthe 5 clusters of health care professionals. Inthe clusters,
the main professional who regularly reviewed and updated the
shared electronic medication plan was different; in 1 cluster it
was a pharmacist, in 2 it was a GP, and in 2 it was a nurse or
the medical secretary with a care coordination role in the GP
practice. The basic rule wasthat they needed to define how they
would manage the shared medication plan together in routine
practice to ensure its accuracy. The model was easily adopted
in every case because it was based on a consensus and the
professionals preferences on how they wanted to manage it.
Participants acknowledged their inherent shared ownership of
the shared electronic medication plan. At the same time, clear
processes and responsibilitiesare called for, bothin HIT design
and among health care professionals [28,32]. Our findings
suggested that there was no one-size-fits-all solution; thus,
strictly enforcing the implementation of arigid solution could
be difficult and could cause unintended consequences, and it
would be unlikely to be achieved through policy making in
Switzerland's context. A strategy enabling all health care
professionals to be involved in a patient’s care via a shared
system and promoting basic principles of use seems more
appropriate. Such an approach facilitates regular updates directly
when interventions are made or discrepancies are identified. It
may also increase the sense of shared ownership and favor
self-organization at the local or the patient level. Knowing the
issues related to the complex workflows that hinder the
implementation of MedRec [17], an eHealth platform will not
likely solve every problem. Standardization, automation, user
constraints, and clear roles and processes[28-31] all need to be
carefully balanced, with room for adaptationsto local variables,
in order to support a mutual commitment to using patients
common medication plans along the continuum of care.

The process of managing a shared electronic medication plan
also raises questions about patients' roles and responsihilities.
Thepilot project HIT system implemented in the present study
was not designed to empower patients and facilitate their
engagement in their own medication management. The only
function available to patients via the patient portal was a view
of their medication plan. They could not make adjustments. The
limitations of such an approach are obvious: safe, efficient
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medication management requires contributions from all
stakeholders, including patients and their relatives. Despite
increasing evidence of the benefits of comanaging digital
medication systems with patients [72-75], they are still mostly
treated as the passive recipients of medication lists produced
by and for health care professionals. The German experience
isinsightful. Despite aclear policy for the systematic production
of medication plans by professionals, expectations have fallen
short. Few of the eligible patients ended up with the accurate
list they were supposed to have [76], and when they did, only
about half of them understood its content [77]. We plan to
further study patients’ perspectivesin our ensuing work. Today,
any service improvements or innovation should acknowledge
the coproduction of value by patients and health care
professional s together as partners[78].

Guiding stakeholders' actions towards the meaningful use of
shared electronic medication plans should start by
acknowledging the shared ownership and complexity of the
process. From a CAS perspective, a strategy for driving major
changesrelies on the power of an attractor [79], avision shared
among stakeholders, that can inspire independent people and
organizations to self-organize and evolve in a coherent,
synergistic manner within the broader health care system.
Advocating for ashared el ectronic medication plan comanaged
by patients and health care professionals as a shared vision is
even moreimportant in settings where stakehol der fragmentation
and autonomy are high. Our study stimulated collaborative
actions by raising awareness of the value and shared ownership
of a shared electronic medication plan, which encourages
leadership at every level and supports collective learning.
Indeed, these are some of the key ingredients for successfully
enabling transformation in a CAS [57,80,81].

Strengthsand Limitationsof Our Participatory Action
Resear ch Study

Mobilizing stakeholders through formative action researchisa
promising approach to dealing with the complex sociotechnical
challenges related to shared electronic medication plans. This
type of research can nurture the implementation dynamic;
policymakers cannot mandate the required motivation and trust.
Local networks and cultures can vary and have a significant
influence on whether anew shared HIT system gains acceptance.
Disregarding them has contributed to ineffective communication
with the public or failure to engage with health care
professionals [38,82]. Hedth care professionals want to be
considered long-term partnersin major HIT projects, not simply
clients [83]. The series of cluster meetings during our study
helped to enhance mutual understanding, collective learning,
and trust. Similar benefits have been reported from facilitating
an interprofessional dynamic [33,84], especialy when it was a
core focus of the implementation strategy [29,34]. Our study
participantsrarely have opportunitiesfor dialogue and reflection
at the local level, and this was appreciated and even triggered
some further collaborations. We also realized that the mixed
status of our 2 main investigators, who were clinicians,
researchers, and employees of the public health authorities,
strengthened our participants' motivation to get involved in the
study. They considered involvement to be a meaningful way to
facilitate communication and mutual understanding between
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the people in the field and decision makers. We argue that
further formative action research could be a key facilitator in
the implementation of new shared electronic medication plan
systems.

Our study has some limitations. First, we only included GPs,
pharmacists, and nurses involved in primary care. Thus, we
could only investigateissuesrelated to care transitionsfrom the
primary care perspective. Second, we report experiences from
arelatively small region of French-speaking Switzerland, which
might limit the study’s transferability to other contexts. The
lessons learned could, nevertheless, support learning in other
settings. Third, the participants who volunteered for the study
were likely early adopters and highly motivated. Additionally,
because implementation intensity was low, some specific use
and implementation issues that are likely to be encountered in
the future require more assessment.

However, our novel approach, which used 5 clusters and
iterative participatory analysis, is a strength of our study. We
maximized diversity by including rural and urban settings,
whereasearlier studieswere mostly limited to university medical
centers. Early adopters are not the majority, of course, but they
are often the determinants for the diffusion of any innovation.
Leveraging their experience can benefit other individuals less
keen to explore that innovation. Moreover, we sought to embrace
complexity by using a systems perspective to support
sensemaking and awareness. These can hel p guide stakehol ders
and likely support further learnings.

Conclusion

The 10 lessons learned from this study give an overview of the
mechanisms and dimensions related to the implementation of
shared electronic medication plans in primary care settings.
This paper gives practical guidance on implementation and

Bugnon et al

describes some of the key sociotechnical challenges that will
face implementors aiming to instill the regular, meaningful use
of shared electronic medication plans—plans that should be
consistently reconciled aong the patient's entire care
pathway—in clinical practice.

We consider the poor spontaneous patient involvement with
their shared electronic medication plan to be a significant
shortcoming and a point that has clearly not met the policy
ambitions of fostering patient empowerment and medication
adherence. Nevertheless, the local adaptability of the
participating clusters was striking, as was their ability to reach
consensus around useful solutions. This suggests that
implementation strategies should facilitate the emergence of
local engagement rather than implementing rigid top-down
processes. HIT systems should be able to support various
configurations of usein practice while maintaining predefined
basic principles agreed among stakeholders. Last but not |east,
collective leadership is essential to handle the inherent shared
ownership of a medication plan and to make change happen at
every level, from direct patient care to the policy framework.

Future research should explore experiencesin different countries
in order to determine how system characteristics, stakeholder
cooperation, health care policy, patients and professionas
responsibilities, and implementation strategies affect the uptake
of such shared systems by health care professionals and the
benefits these shared medication plans bring to patients and
health care services overall. Integrating patients so that they
begin to comanage their medication plans al so raisesimportant
questions. Finally, we suggest that formative participatory action
research, including qualitative and quantitative methodol ogies,
should play a key facilitating role in achieving a safe and
meaningful use of shared electronic medication plansto create
an efficient learning health system.
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Abstract

Background: Bipolar disorder is a chronic, progressive illness characterized by recurrent episodes of mania and depression.
Self-report scales have historically played a significant role in the monitoring of bipolar symptoms. However, these toolsrely on
episodic memory, which can be unreliable and do not alow the clinician to monitor brief episodic symptoms or the course of
symptoms over shorter periods of time. Mobile app—based questionnaires have been suggested as atool to improve monitoring
of patients with bipolar disorder.

Objective: This paper aims to determine the feasibility and validity of mobile app—based self-report questionnaires.

Methods. We performed asystematic review of the literature according to the PRISMA (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses) guidelines. The PubMed, Psyclinfo, Web of Science, Ovid MEDLINE, and EMBASE databases
were searched for papers published in English that assessed adherence to and the validity of mobile app—based self-report
guestionnaires. Relevant studies published from database creation to May 22, 2020, were identified, and results examining the
validity of and rates of adherence to app-based self-report questionnaires are reported.

Results: A total of 13 records were identified for inclusion in this review. Of these studies, 4 assessed the concurrent validity
of mobile app—based self-report tools, with the majority of findings indicating significant associations between data collected
using these tools and the Young Mania Rating Scale, Hamilton Depression Rating Scale-17, or Montgomery-Asberg Depression
Rating Scale (P<.001 to P=.24). Three studies comparing the variability or range of symptoms between patients with bipolar
disorder and healthy controls suggested that these data are capable of differentiating between known groups. Two studies
demonstrated statistically significant associations between data collected via mobile app—-based self-report tools and instruments
assessing other clinically important factors. Adherence rates varied across the studies examined. However, good adherence rates
(>70%) were observed in all but 1 study using a once-daily assessment. There was a wide range of adherence rates observed in
studies using twice-daily assessments (42%-95%).

Conclusions: These findings suggest that mobile app—based self-report tools are valid in the assessment of symptoms of mania
and depression in euthymic patients with bipolar disorder. Data collected using these tools appear to differ between patients with
bipolar disorder and healthy controls and are significantly associated with other clinically important measures. It is unclear at
this time whether these tools can be used to detect acute episodes of mania or depression in patients with bipolar disorder.
Adherence data indicate that patients with bipolar disorder show good adherence to self-report assessments administered daily
for the duration of the study periods evaluated.

(IMIR Form Res 2021;5(1):€13770) doi:10.2196/13770
KEYWORDS
mobile apps; mental health; bipolar disorder; smartphone; cell phone
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Introduction

Bipolar disorder is a chronic, progressive illness characterized
by recurrent episodes of maniaand depression. Theinternational
12-month prevalence of bipolar | disorder is0.0% to 0.6%, and
the international 12-month prevalence of bipolar Il disorder is
0.3% [1]. Both manic and depressive episodes are associated
with impairments in social and occupational functioning, and
the World Health Organization’s World Mental Health Surveys
identified the disorder as having the second-strongest effect on
days out of role compared with other common physical and
mental illnesses[2-5]. In addition, bipolar disorder is associated
with ahigh risk of suicide, with one-third to one-half of patients
attempting suicide at least once in their lifetime and 15% to
20% of suicide attempts completed [6]. Given such adverse
consequences of mania and depression, timely detection of
relapse is an important aspect in the psychiatric care of the
disease.

No biomarker has been approved for the diagnosis or assessment
of bipolar disorder, so medical practitionersmust rely on clinical
assessment and reports from the patient and collateral sources
in order to monitor the disease. However, detection of mood
episodes can be delayed, with previous data indicating that the
interval between illness onset and hospitalization is often 3
weeks or more [7]. One challenge for the detection of mood
episodes is the lack of insight that can occur in patients with
bipolar disorder, especially during episodes of pure mania[8].
Previous data suggest, however, that some patients in acute
mania may retain awareness of their diagnosis and its potential
consequences despite having impaired insight into their current
symptoms [9]. Given patients preserved awareness of their
diagnosis even in the context of active symptoms, the use of
self-report questionnaires hasthe potential to facilitate symptom
monitoring, including changes over time.

Self-report scales, such as the Mood Disorder Questionnaire
(MDQ) and the Altman Self-Rating Mania Scale (ASRM), have
previously been devel oped for use in the monitoring of bipolar
symptoms. These scales have been validated in inpatient
populations with bipolar disorder, with respective sensitivities
and specificities of 86% and 71% for the MDQ and 93% and
33% for the ASRM [10-12].

Traditionally, self-report scal es have been administered viapen
and paper; however, some limitations exist with this form of
data collection. When administered in the context of visitswith
ahealth care provider, thesetoolsrely on retrospective reporting
of symptoms, which can be unreliable and do not alow the
clinician to monitor symptoms associated with brief mood
episodes or the course of symptoms over shorter periods of time
[12-14]. In astudy asking participantsto complete paper diaries
onadaily basis, participantswere found to record entriesoutside
of the requested time frame and inaccurately report the date of
these entries, reducing the accuracy of the data collected [15].
In addition, the frequency with which the clinician is able to
review responses obtained via pen and paper is limited by the
frequency in which the responses are forwarded to the provider.
This often occurs on clinic visits, which limitsthe ability of the
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health care provider to respond in atimely fashion if the patient
deteriorates between schedul ed appointments.

The administration of self-report scales using mobile apps has
the potential to circumvent some of these issues. Automatic
transmission of datausing amobiledevice could alow clinicians
to monitor symptoms in real time, improving their ability to
proactively detect and engage the patient when symptoms
relapse. In addition, scale administration using a mobile app
may be less disruptive for the patient, increasing the frequency
that the patient is willing to complete the scale. For example,
one study described a mobile app for monitoring nonaffective
psychosis that yielded more data points and took less time
compared with the text messaging—only equivalent [16]. The
increased data collection afforded by the use of mobile apps
may also have usesin research settings. Frequent administration
of scalesmay allow researchersto better characterize the course
of illness over time and to identify warning signs that mark
early deterioration.

Given the variability in the course of symptoms in bipolar
disorder, the use of mobile appsin this population has been of
considerable recent interest, with 35 apps identified using the
Google Play and iOS stores in a previous systematic review
[17]. Studies have shown that 60% to 70% of patients with
mental illness would be interested in using a mobile app to
monitor their mental health condition, and a study examining
publicly available consumer reviews of 48 apps for bipolar
disorder, the mgjority of which were symptom-monitoring apps
(1912/2173, 87.9%), found that 1608 of 2173 (74.0%) reviews
included positive appraisals of the app discussed [13,18-20].
Additionally, a recent study evaluating 2 smartphone-based
self-monitoring systemsfor bipolar disorder showed acceptable
useful ness, usability, feasibility, and technical stability for both
systems evaluated [21]. However, a 2015 review showed that
60% of symptom-monitoring apps available did not use
validated screening measures [17]. Furthermore, it is possible
that for a given validated screening tool, data collected via a
mobile app may differ from those collected viaa pen-and-paper
version.

The validity of a scale is defined as “the extent to which an
instrument indeed measures the latent dimension or construct
it was devel oped to evaluate” [22]. The major forms of validity
are content validity, criterion validity, and construct validity.
Content validity refers to whether the measure adequately
assesses the domain of interest, and it is primarily assessed
through evaluation by experts and the target population.
Criterion validity refers to whether the results of a measure
relate to another measure of relevance. It includes predictive
validity (the ability of the measure to predict a future result or
answer afuture question) and concurrent validity (the strength
of the relationship between the new measure and agold standard
measurement made at a similar time). Construct validity refers
to the degree to which the measure assesses the construct of
concern. Construct validity can be evaluated through convergent
validity, discriminant or divergent validity, differentiation or
comparison between known groups, or correlational analysis
[22].
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The aim of this systematic review was to assess the feasibility
and validity of self-report questionnaire-based mobile apps as
tools for bipolar symptom monitoring through a systematic
review of the literature. Weidentified studiesin which patients
with bipolar disorder were monitored using self-report scales
administered by a mobile app with or without comparison to a
traditional form of symptom monitoring, such as pen-and-paper
rating scales or standardized clinician interviews. The outcomes
of interest in this review were adherence rates and the criterion
or construct validity of self-report scales administered by mobile

app.
Methods

In order to identify data describing the feasibility and validity
of mobile apps in the assessment of bipolar disorder, we
conducted searches of the PubMed, Psyclnfo, Web of Science,
Ovid MEDLINE, and EMBA SE databases. Oneresearcher (YS)
searched these databases using the following keywords: “mental
disorders” “psychiatry,” or “mental health” AND “mobile
application,” “cell phone,” or “smartphone,” excluding theterm
“substance-related disorders.” All records published in English
listed from database creation to May 22, 2020, were identified.
In addition, the references on the full paper of the records
assessed were reviewed in order to identify other potential
candidates for inclusion.

YS and ECC independently screened the records to identify
papers suitable for inclusion in this review. In the case of
disagreement between the 2 authors, records were evaluated by
athird author (SS), who determined whether the paper would
be forwarded to the next step of screening. There was no
disagreement between authors following the review of the full

papers.

Titlesand abstracts of recordswere screened using the following
exclusion criteria: (1) the study did not refer to the use of mobile
apps, smartphones, or mobile phone or technology as the
primary intervention of interest, or the intervention of interest
was solely text message based; (2) bipolar disorder was not the
primary condition of interest; (3) the interventions studied did
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not include self-report symptom monitoring as a component;
and (4) the study did not present data from an applied
intervention (such asaprotocol paper, review paper, or response
or correction to another paper).

Thefull text of the remaining studieswere evaluated, and studies
were excluded if they met one of the following criteria: (1) the
study did not present data on adherence or validity; (2) the study
did not present data from an applied intervention (such as a
protocol or review paper); (3) the study did not refer to symptom
assessment viaself-report by mobile app, smartphone, or mobile
phone or technology as a primary intervention of interest; (4)
the intervention of interest was solely text message based; and
(5) bipolar disorder was not the primary condition of interest.

Studies identified for inclusion in this review were then
evaluated for data on the adherence rates and validity of maobile
app-based symptom monitoring tools with or without
comparison to standardized pen-and-paper or clinical
interview—based measures. ECC and Y S assessed each of the
identified studies for bias using the Cochrane Risk of Bias 2
tool or the Cochrane Risk of Biasin Non-Randomized Studies
of Interventions assessment tool. These tools were devel oped
for the assessment of bias in randomized and nonrandomized
studies, respectively [23,24]. These assessmentswerereviewed
by another author (SS) and are available in Multimedia
Appendix 1.

Results

Identified Records

The flow diagram of the search method is depicted in Figure 1.
Initial searches produced 2827 unique records following the
removal of duplicates. A total of 50 records were identified
following screening of the abstracts, and their references were
also searched for further relevant studies. Following the search
procedure described above, 13 records were identified for
inclusioninthisreview; study characteristicsarelistedin Table
1. Findings of each study are listed separately (Table 2). The
assessments of the risk of bias are described in Multimedia
Appendix 1.
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Figurel. PRISMA (Preferred Reporting Itemsfor Systematic Reviews and Meta-Analyses) flow diagram.
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Table 1. Characteristics of included studies.
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Reference Location Participants, n Mobile app—based intervention Comparison (if applicable) Duration
Busk et a Copenhagen, 84 Monsenso system: self-monitoring of v\ RS2and HDRSP at basdlineand  © months
(2020) [25] Denmark 10 symptoms completed daily. after 4 weeks, 3 months, 6 months,
and 9 months.
Careta Oxford, United 43 (bipolar disor- Mood Zoom smartphone app: 6-item  n/AC 3 months
(2018) [26] Kingdom der); assessment of mood and related items
26 (borderline per- administered 10 times daily.
sonality disorder);
44 (healthy controls)
Deppetd San Diego, CA 18 (intervention) 9-point bipolar anchored scalecomplet-  Daily paper-and-pencil mood charts. 12 weeks
(2012) [27] . ed twice per day. Could not be complet-
22 (comparison) ed after 2 hours. MADRS" and Y MRS completed at
baseline and 6 weeks and 12 weeks
after baseline.
Deppeta San Diego, CA 51 (intervention), PRISM: 10 questions followed by rat- Daily pencil-and-paper mood charts. 10 weeks
(2015) [28] (41 analyzed); ing of current mood state on a 9-point
. bipolar anchored scale completed twice
53 (comparison), (41 per day
analyzed) '
Faurholt-Jepsen  Copenhangen, 30 MONARCA: self-monitoring of 11 Monthly clinical assessment via 6 months
eta (2015)[29] Denmark symptoms completed daily. Allowed HDRS-17 and YMRS.
for ret ective data ent to2d
Iztrerr rospectiveaelaentry Upto = days Scores compared to those obtained
' viaapp from day of assessment and
3 previous days.
Faurholt-Jepsen  Copenhagen, 39 (intervention); MONARCA: sdlf-monitoring of 11 Participants provided with asmart- 6 months
eta (2015)[30] Denmark 39 . symptoms completed daily. Allowed  phone without the MONARCA
(comparison) for retrospectivedataentry upto 2 days  system.
later.
Faurholt-Jepsen  Copenhagen, 84 patients (partici- Monsenso app for daily self-monitoring HDRS, YMRS, FAST®, pssf, and 9 months
eta (2019)[31] Denmark rcj;a,]:tﬁ i tr;i';ﬂ)ONAR- :);‘v r;llood, mixed mood, and irritability WHOQoLY carried out at 4 weeks,
' 3 months, 6 months, and 9 months.
Faurholt-Jepsen  Copenhagen, 84 patients with Monsenso app for daily self-monitoring No comparison used for outcomes 9 months
eta (2019)[32] Denmark bipolar disorder of mood and related symptoms. of interest.
(participantsin
MONARCA Il trial)
Hidago-Mazzei Barcelona, 51 SIMPLe app: short 5-item screening N/A 3 months
eta (2016) [33] Spain tests completed daily.
Weekly yes/no questions for DSM-5"
criteria of manic and depressive
episodes.
Hidago-Mazzei Barcelona, 201 SIMPLe 1.5 (improved version of N/A 6 months
eta (2018)[34] Spain SIMPLe 1.0): short 5-item screening
tests completed daily.
Weekly Yes/No questions for DSM-5
criteria of manic and depressive
episodes.
Additional features included medica-
tion reminders, personalized prodromal
symptoms, gamification module, mood
chart sharing, and psychoeducational
messages.
Lieta (2019) Hershey, PA 10 (bipolar disor- Twice-daily mood and stress self-re- N/A 14 days
[35] der); port, once daily sleep measures.
10 (healthy controls)
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Reference Location Participants, n Mobile app—based intervention Comparison (if applicable) Duration
Saunderseta  Oxford, United 21 Mood Zoom app: daily mood monitor- N/A 12 weeks
(2017) [36] Kingdom ing.

True Colours system: weekly mood

measures.
Schwartzetal  Pennsylvania 10 (bipolar 1 or Il); 4itemsonvisua analogscaleand1  N/A 2 weeks
2016) [3 item on Likert scale completed twice
( ) [37] 10 (healthy controls) Iper day ! P !

#YMRS: Young Mania Rating Scale.

PHDRS: Hamilton Depression Rating Scale.

°N/A: not applicable.

dMADRS: Montgomery-Asberg Depression Rating Scale.

®FAST: Functional Assessment Short Test.

fPSs: Perceived Stress Scale.

9WHOQoL : World Health Organization Quality of Life (abbreviated).
PDSM-5: Diagnostic and Statistical Manual of Mental Disorders, fifth edition.
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Table 2. Summary of findings on mobile app use in bipolar symptom monitoring.

Reference

Completion rates

Correlation between data obtained via mobile app and comparator

Busk et a
(2020) [25]

Car et a
(2018) [26]

Deppeta
(2012) [27]

Deppeta
(2015) [28]

Faurholt-Jepsen
etal (2015) [29]

Faurholt-Jepsen
etal (2015) [30]

Average self-assessment adherence: 82.8%

20/43 (47%) of patients with bipolar disorder;

14/26 (54%) of patients with borderline personality
disorder;

20/44 (45%) of healthy controls had satisfactory data;

14/26 (54%) of patients with borderline personality
disorder

Intervention: 42.1%;
Comparison: 82.9%;
t35=5.8; P<.001

Intervention: 65%;
Comparison: 83%

Intervention: 93.03% (7.15% done retrospectively)

Mood scores:

*  HDRS?% r=—0.40; P<.001;
*  YMRS? r=0.22; P<.001

Variability of negative mood:

*  BD®median: -0.99 (IQR 0.85);

*  BPDY median: 1.71 (IQR 1.11);
o Healthy control median: 0.35 (IQR 0.47)

*  BDvVsBPD (FDR%: 1.57 x 1073,
*  BDVsSHC (FDR): 2.31 x 1072

Variability of positive mood:

«  BD median: -0.91 (IQR 0.70);
« BPD median: 1.42 (IQR 0.56);
«  Healthy control median: 0.62 (IQR 0.52)

*  BPvsBPD (FDR): 1.21x 10~;
* BPvsHC (FDR): 6.13 x 107! (nonsignificant)

Variability of irritability:

« BD median: —0.56 (IQR 0.43);
«  BPD median: 1.01 (IQR 0.49);
«  Healthy control median: 0.33 (IQR 0.46)

*  BPvsBPD (FDR): 1.87 x 10°5;
*  BPvVsHC (FDR): 2.39 x 102

Mood ratings:

Intervention:

*  MADRS" r=—0.567; P=.01
. YMRS: r=0.294; P=.24
Comparison:

o 1=-0.243; P=35
o r=0.452; P=.07

« HDRS-17: f=-0.058; P<.001

« YMRS: 3=0.039; P<.001

. HDRS-17: =0.02; P=.21
«  YMRS: B=—0.047; P=.03

« HDRS-17: f=-0.042; P<.001
« YMRS: 3=0.048; P<.001

. HDRS-17: 3=0.046; P<.001
«  YMRS: B=0.012; P=.35
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Reference Completion rates

Correlation between data obtained via mobile app and comparator

Faurholt-Jepsen  Adherence rate: 72.6%
etal (2019) [31]

Faurholt-Jepsen
etal (2019) [32]

Reported in previous study [29]

Hidalgo-Mazzei
etal (2016) [33]

88% completion rate;
74% of users actively using app after 3 months

Hidago-Mazzei  70/201 (35%) users dropped out during the first month;

etal (2018)[34] 3004 of participants using the app regularly after 6
months

Lieta (2019) 70% completion ratein bipolar patients and healthy

[35] controls

Saunderseta  Daily questionnaire: median 86.67%;

(2017) [36] Weekly questionnaire: median 100%

Mood ratings:
« HDRS: f=-0.033; P<.001
« YMRS: =0.044; P<.001
Self-reported mixed symptoms:

«  Clinicaly rated mixed symptoms. =3.40; P=.02
*  pss™ p=14.08; P<.001

*  WHOQoL" p=-7.80; P=.15

*  FAST: p=—2.02; P=.72

Irritability:

«  YMRS: =0.023; P<.001

. PSS p=11.32; P<.001

«  WHOQoL: B=—11.59; P<.001
. FAST: B=—9.90; P<.001

Mood instability factor (number of mood changes over period evaluated
by scale):

o  FAST: =-12.04; P<.001
« PSS B=10.52; P<.001
«  WHOQoL: =-12.17; P<.001

Variability of symptoms:
Mood:

* Bipolar 1cck: 0.55; healthy control ICC: 0.72; P<.001

Energy:
« Bipolar ICC: 0.49; healthy control ICC: 0.61; P<.001

Speed of thoughts:
. Bipolar ICC: 0.40; healthy control ICC: 0.67; P<.001

Impulsivity:
. Bipolar ICC: 0.16; healthy control ICC: 0.68; P<.001

Sleep:
« Bipolar ICC: 0.46; healthy control ICC: 0.30; P<.001
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Reference Completion rates Correlation between data obtained via mobile app and comparator

Schwartzetal  Bipolar: 95%; 14-day mean of mood:

201 . .

(2016) [37] Controls: 88%; . Bipolar median: 48.6; control median: 53.2; P=.04
P=.68

14-day mean of energy:
«  Bipolar median: 44.7; control median: 52.1; P=.007

14-day range of mood:
o  Bipolar median: 48.0; control median: 32.5; P=.04

14-day range of thoughts:
«  Bipolar median: 59.5; control median: 26.5; P=.002

14-day range of impulsivity:
«  Bipolar median: 76; control median: 28.5; P=.005

8HDRS: Hamilton Depression Rating Scale.

bYMRS: Young Mania Rating Scale.

°BD: bipolar disorder.

d8PD: borderline personality disorder.

®FDR: false discovery rate.

'MADRS: Montgomery-Asberg Depression Rating Scale.
INot available.

MpSS; Perceived Stress Scale.

iWHOQoL: World Health Organization Quality of Life (abbreviated).
JFAST: Functional Assessment Short Test.

KIcC: intraclass correlation coefficient.

Data on Validity

A tota of 4 papers identified for inclusion assessed the
concurrent validity of mobile app—based self-report tools, all
compared against the Young Mania Rating Scale (YMRS) and
either the Hamilton Depression Rating Scale (HDRS) or the
Montgomery-Asberg Depression Rating Scale (MADRS)
[25,27,29,31]. All 4 studies found a statistically significant
association between mood ratings collected via self-report using
a mobile app and clinical assessment using the HDRS or
MADRS. In addition, 3 studies found a statistically significant
association between mood ratings collected via self-report using
a mobile app and clinical assessment using the YMRS
[25,29,31]. The fourth study, however, did not observe a
statistically significant relationship [27]. One study also found
a datistically significant relationship between self-reported
mixed symptoms and clinically rated mixed symptoms, aswell
as a statistically significant relationship between self-reported
irritability and YMRS scores [31]. One study examined mood
ratings that were reported using a paper-and-pencil tool aswell
[27]. They did not find a statistically significant correlation
between mood ratings reported using a paper-and-pencil tool
and either the MADRS or YMRS [27].

A total of 3 studies examined the ability of self-report scales
administered via a mobile app to differentiate between known
groups, a form of construct validity [26,35,37]. Of these, 2
studies evaluated the differencesin the variability of symptoms
(mood, irritability, energy, speed of thoughts, impulsivity, or

https://formative.jmir.org/2021/1/€13770

sleep) between patients with bipolar disorder and healthy
controls [26,35]. These studies found statistically significant
differencesin the variability of symptoms between the 2 groups,
with the exception of variability of positive mood [26]. One
study also compared the variability of negative mood, positive
mood, and irritability between patients with bipolar disorder
and patients with borderline personality disorder; this study
observed a dtatistically significant difference between the 2
groupsfor all 3 variables studied [26]. One study examined the
differencein the 14-day mean of participants’ mood and energy,
aswell asthe 14-day range of mood, thoughts, and impulsivity
between patientswith bipolar disorder and healthy controls[37].
Statistically significant differences were observed between the
2 groups for al 5 of these variables [37].

Additionally, 2 studies examined the convergent validity of
salf-report symptom assessments administered viaamobile app
with instruments assessing related factors: the Functional
Assessment Short Test (FAST), the Cohen Perceived Stress
Scale (PSS), and the abbreviated World Health Organization
Quiality of Lifescale (WHOQoL-BREF) [31,32]. A statistically
significant relationship was observed between self-reported
mixed symptomsand PSS scores, but not with WHOQoL -BREF
or FAST scores[31]. A statistically significant association was
observed for both irritability and mood instability determined
using self-report compared with the FAST, PSS, and
WHOQoL-BREF [31,32].
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Data on Adherence

Varying levels of adherence to the reporting protocol, ranging
from 42% to 95%, were reported among studies in which
measures were administered once or twice daily, with all but 1
study that used once-daily administration having adherence
rates >70% [25,27,28,30,31,33,35-37]. Two studies reported
high dropout rates [26,34]. In 1 study, participants were asked
to complete a 6-item assessment 10 times daily, with 59 out of
113 (52.2%) of participants dropping out across al 3 study
groups|[26]. The other study reported that 70 out of 201 (34.8%)
participants dropped out during the first month, which was
higher than the percentage of participants dropping out in
another study using a similar mobile app [33,34]. Compliance
rates were substantially higher for the paper-and-pencil
conditions in the 2 studies reported by Depp et al [27,29].
However, the frequency of measure completion was not the
same between the 2 groups, and the paper-and-pencil condition
could complete the measure at any time, whereas the phone
condition wastimelimited [27,28]. These differences may have
contributed substantially to the differences in completion rates
between conditions.

Discussion

Principal Findings

Theoverall results of thisreview suggest that mobile app—based
self-report questionnaires demonstrate concurrent validity when
compared with established measures of depression and mania
and convergent validity when compared with other related
assessment tools. Furthermore, current evidence indicates that
mobile app-based self-report questionnaires are able to
differentiate between patientswith bipolar disorder and patients
with borderline personality disorder or healthy controls. Interms
of protocol adherence, variability was observed in completion
rates, with higher overall adherence rates in participants
completing questionnaires daily compared with twice daily.
High dropout rates were observed when participants were asked
to complete the measure 10 times per day.

In this review, 4 studies analyzed the association between the
self-reporting of symptoms via a mobile app and clinical
assessment tools. While all 4 studies found a statistically
significant association between mood ratings collected via
self-report and clinical assessment tools for depression, only 3
out of 4 studies found a statistically significant association
between mood ratings collected via self-report and the Y MRS.
Of note, the study in which no statistically significant correlation
was found compared Y MRS scores to data collected over the
entire study duration and to those collected during the first 6
weeks of the study [27]. Asthe Y MRS assesses symptoms over
the preceding 48 hours, the poor correlation may be at least
partly attributable to the difference in time periods observed.
Only 1 other study reported the period of data used in the
comparison, comparing YMRS scores to data collected over
the preceding 3 days [29]. This may be a more appropriate
comparison, especially as one goal of app-based self-report
scales is the detection of acute mood states and changes in
symptoms over time.
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Furthermore, data collected via the paper-and-pencil condition
did not have a dtatistically significant correlation with either
the MADRS or YMRS [27]. This suggests that app-based
self-report scales may more accurately collect dataon depressive
symptoms compared with their paper-based counterparts. While
there are few data comparing mobile assessments with rating
scales administered via paper and pencil, it has been suggested
elsewhere that participants may be more forthcoming when
reporting symptoms through mobile assessments [38]. In
addition, it has been shown that participants completing
measures via paper and pencil may complete the entries
retrospectively and hence, outside the specified time frame being
assessed [17]. This may explain the seemingly increased
accuracy of symptoms reported via app-based measures
compared with paper and pencil.

A manic or depressive episode at study onset was an exclusion
criterion for many of the studiesidentified [27-33]. In addition,
3 other studies indicated that patients were euthymic for the
duration of the study [25,26,36]. The remaining studies did not
state whether any participants experienced acute episodes of
mania or depression. As such, it is unclear whether mobile
app-based self-report tools can detect acute mood episodesin
patients with bipolar disorder.

Some studies assessed the ability of mobile app-based
self-report tools to differentiate between known groups
[26,35,37]. These studies found dtatistically significant
differences between patients diagnosed with bipolar disorder
and healthy controls. While differencesin mean mood and mean
energy were observed between the 2 groups in 1 study, the
magnitude of the difference in range of thoughts and range of
impulsivity between the 2 groups was higher [37]. The 2 other
studies comparing 2 known groups aso observed differences
in the variability of symptoms associated with bipolar disorder
[26,35]. These findings suggest that the range and course of
symptoms measured using mobile app-based self-report tools
may allow usto distinguish patients with bipolar disorder from
healthy controls.

Studies comparing data collected via self-report assessments
administered via a mobile app to the FAST, PSS, and
WHOQoL -BREF observed statistically significant associations
between some data collected and these measures. Asthe FAST,
PSS, and WHOQoL-BREF assess functional impairment,
psychological distress, and quality of life, these findings suggest
that data collected via self-report using a mobile app may also
reflect other factors of clinical importance [39-41].

Lower rates of adherenceto the protocol were observed in most
studies in which assessments were administered twice daily
compared with studiesin which assessments were administered
once daily. Furthermore, 1 study in which assessments were
administered 10 times per day observed high dropout rates
during its 3-month course [26]. These findings suggest that
users may have difficulty completing multiple assessments per
day but are able to manage assessments occurring once daily.
Different proportions of participants dropped out in 2 studies
administering similar mobile apps [33,34]. The reason for this
isunclear. Previous data indicate that users value apps that are
simple and intuitive to use [42]. The study in which higher
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dropout rateswere observed used aversion of the app containing
numerous additional features, so it is possible that users found
the app more complicated and were less willing to continue
regular use asaresult [34].

Limitations

Inthisreview, only English studiesfrom peer-reviewed journals
were considered. Asvery few (n=49) non-English papers were
identified prior to screening, this was felt to have minimal
impact on overall results. As there were large numbers of
protocol papersidentified, for whichitisnot possibleto exclude
unpublished data, it is also possible that publication bias may
have resulted in missed negative findings. While 13 paperswere
identified for inclusion in this review, only 5 different research
groups seem to be represented, based on the names and
affiliations of authors. One group is represented in 5 studies,
which is over one-third of those identified for inclusion
[25,29-32]. Thismay contributeto bias; however, itisreassuring
that the reported findings appear to be fairly consistent across
thedifferent groupsincluded. Asnoted above, no study reported
on the ability of mobile app—based self-report tools to detect
acute mood episodes. Assuch, it isunclear whether thesetools
are suitable for this purpose.

Future Research

Further studies on the validity of mobile app—based assessment
tools, especially studies evaluating the ability of these tools to
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detect acute mood states, will better inform us about the potential
utility of thesetoolsin clinical settings. Future research into the
course of symptoms measured using these tools may aso
provide insights into the differences between patients with
bipolar disorder and healthy controls. Furthermore, the use of
repeated self-report questionnaires combined with physiol ogical
and behavioral monitoring, which have been examined
elsewhere [43], and with other biomarkers also bears further
investigation and may further our understanding of bipolar
disorder.

Conclusions

These findings suggest that mobile app—based self-report tools
arevalidin the assessment of symptoms of maniaand depression
in euthymic patients with bipolar disorder. These findings also
suggest that data on the range and variability of symptoms
collected using amobile app differ between patients with bipolar
disorder and healthy controls and are significantly associated
with other clinically important measures. It is unclear at this
time whether these tools can be used to detect acute episodes
of mania or depression in patients with bipolar disorder.
Adherence dataindicate that patientswith bipolar disorder show
good adherence to self-report assessments administered daily
for the duration of the study periods eval uated.
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Abstract

Background: COVID-19isaninternationa health crisisof particular concernin the United States, which saw surges of infections
with the lifting of lockdowns and relaxed socia distancing. Young adults have proven to be a critical factor for COVID-19
transmission and are an important target of the efforts to contain the pandemic. Scalable digital public health technologies could
be deployed to reduce COVID-19 transmission, but their use depends on the willingness of young adults to participate in
surveillance.

Objective: Theaim of thisstudy isto determinethe attitudes of young adultsregarding COVI1D-19 digital surveillance, including
which aspects they would accept and which they would not, as well as to determine factors that may be associated with their
willingnessto participate in digital surveillance.

Methods: We conducted an anonymous online survey of young adults aged 18-24 years throughout the United States in June
2020. The questionnaire contained predominantly closed-ended response options with one open-ended question. Descriptive
statistics were applied to the data.

Results: Of 513 young adult respondents, 383 (74.7%) agreed that COVID-19 represents a public health crisis. However, only
231 (45.1%) agreed to actively share their COVID-19 status or symptoms for monitoring and only 171 (33.4%) reported a
willingnessto allow access to their cell phone for passive location tracking or contact tracing.

Conclusions: Despite largely agreeing that COVID-19 represents a serious public health risk, the magjority of young adults
sampled were reluctant to participate in digital monitoring to manage the pandemic. This was true for both commonly used
methods of public health surveillance (such as contact tracing) and novel methods designed to facilitate areturn to normal (such
as frequent symptom checking through digital apps). This is a potential obstacle to ongoing containment measures (many of
which rely on widespread surveillance) and may reflect a need for greater education on the benefits of public health digital
surveillance for young adults.

(IMIR Form Res 2021;5(1):623000) doi:10.2196/23000

KEYWORDS

attitude; perception; young adult; COVID-19; digital surveillance; population health technologies; surveillance; population;
survey; adolescent

spreading more rapidly and more broadly than ever before[1].
Since the summer of 2020, when states reopened businesses

The COVID-19 pandemic reached adisturbing milestoneinthe  @1d public spaces, there has been a resurgence of cases as
United States on November 21, 2020, as the number of lockdowns were lifted and community spread intensified.

confirmed cases surpassed 12 million, with the virus now
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Young adults are believed to have played a major role in the
increased number of cases and the heightened transmission of
COVID-19 as socia gatherings resumed and colleges and
universitiesreturned to campus|[2]. Though hospitalization rates
and mortality are currently lower for young adults than older
adults[3], growing evidence suggests that younger generations
are a major vector of COVID-19 transmission, comprising a
relatively large proportion of the total confirmed cases [4].
Furthermore, COVID-19 incidence has increased among those
aged 0-39 years as the pandemic has progressed, shifting the
age distribution of cases over time from older to younger
demographics[5].

While young adults play a significant role in the spread of
COVID-19, they also tend to display a greater indifference
toward the health risk posed by the pandemic and may be more
resistant to policies aimed at reducing transmission. Young
adults are significantly more likely to refuse a COVID-19
vaccine [6], less likely to closely follow COVID-19 news [7],
and tend to see the pandemic as a greater risk to their finances
than their health [8]. The relatively low mortality and severity
of COVID-19 symptoms in this age group may contribute to
thismindset. In addition, asymptomatic and mild cases comprise
the majority of young COVID-19 cases and are believed to
contribute significantly to community spread [9,10]. All of these
factors (lower perceived vulnerability, reduced disease severity,
higher engagement in social activities, and relatively high
infection rate) made young adults adriving force of resurgences
of COVID-19 [11].

As part of reopening plans, most states hired thousands of
contact tracers to conduct public health surveillance and
outreach to control and contain the spread of COVID-19 [12].
However, a recent study demonstrated that controlling the
epidemic by manual contact tracing is not feasible given the
infectiousness of COVID-19 and the high incidence of
transmissionsfrom presymptomatic or asymptomatic individuals
[13]. These researchers proposed that an app providing instant
digital contact tracing is needed for epidemic control. Beyond
thiskind of passive digital proximity and contact tracing, active
symptom monitoring using mobile technology is also viewed
as a key component for public health entities to better assess
the community burden of COVID-19 [14]. Taken together, the
active and passive surveillance of populationswith digital public
health tools hasthe potential to enable monitoring of COVID-19
status in real time and can be deployed rapidly and at scale,
allowing targeted interventions to control spread.

To be successful, any COVID-19 precision public health control
efforts that include digital surveillance must have a significant
acceptance by the community. In particular, it is important to
know how young adults would use these population health
technologies for COVID-19 monitoring and whether they
believethem to be necessary or beneficia. Therefore, we sought
to understand the views of young adults regarding digital
surveillance, including which aspects they would accept and
which they would not, and define the factors that may influence
their willingness to participate in digital monitoring of their
movements or health status to help control the spread of
COVID-19.

http://formative.jmir.org/2021/1/e23000/
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Methods

Study Design

The study was designed to be a national cross-sectional survey
of young adults aged 18-24 years. Participants were recruited
to answer an online questionnaire in which most questionswere
closed-ended by design, with 2-5 response options.

Target Sample

To be representative of the target US young adult population
(those aged 18-24 years), the sample size was determined to be
500, assuming 95% confidence intervals, a 5% margin of error,
and a completion rate of approximately 80%. Age and gender
balancing were prespecified to ensure these strata were
generalizableto US census data. All US regions were targeted.

Questionnaire Development

The survey instrument was designed to meet the specified study
objectives. The survey scope and questionnaire inputs were
based on areview of the limited COVID-19-related published
literature available at that time [15,16]. In addition, 2 experts
inthe design and development of survey instrumentsfor research
reviewed the survey and provided additional commentsand are
noted in the acknowledgment section.

The online survey was designed so that a respondent was
required to answer each question before they were directed to
the next question. Respondents were not able to go back and
change answers already entered. No identifying questionswere
asked and all survey responses were deidentified. Unanswered
guestions were not permitted, with the exception of the single
open-ended question, which was optional.

Prior to the start of the survey, participants were provided
introductory information that described COVI1D-19 and how it
is transmitted. In addition, the concept of digital monitoring
was defined and examples given. The language provided to the
participants and the survey questions are included as a
supplementd file (Multimedia Appendix 1).

Study Population (Inclusion and Exclusion Criteria)

Theinclusion criteriafor the study population were participants
aged 18-24 years, of al genders, and residing in any of the
census regions of the United States. Participants who did not
meet these inclusion criteria were excluded from completing
the online survey.

Survey Platform and Participant Recruitment

This online survey was fielded and conducted using the
SurveyMonkey platform [17]. SurveyMonkey panels are
recruited from a database of over 2.5 million people in the
United States. These panels are representative of a current,
diverse online population that voluntarily joins the
SurveyMonkey platform for survey research. All pandlistsshare
demographic information about themselves such as gender, age,
and region, and other targeting attributes such as job type or
technology usage.

SurveyMonkey balances its panels according to census data of
age and gender. Panelist profiles are regularly refreshed to
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ensure respondent profiles are always current, and email and
location verification is used to detect fraud and identify
exclusions to prevent duplicate responses to the same survey.
Ongoing panel calibration studies ensure response quality ison
par with national benchmarks[18].

SurveyM onkey reaches panelists through technological means
such as computer or mobile devices and offers a charitable
incentive model. Paneliststake surveysfor charity and achance
to play a sweepstakes instant-win game. Panelists earn credits
for completing surveys that they can redeem for gift cards or
donate to charity [19].

Data Management and Analysis

Deidentified survey responses were collected on the
SurveyMonkey platform and exported for analysis. The data
were aggregated to ensure anonymity and key findings were
summarized using descriptive statistics. Survey respondents
who disagreed with participating in any form of digital
surveillance for COVID-19 were categorized and compared to
all other respondents. Chi-square tests were used to calculate P
values for categorical variables and t tests were used for
comparing continuous variables.

Ethical Considerations

Prior to patient recruitment and to comply with human subjects
research requirements, we submitted our protocol and
guestionnaire to the Western Institutional Review Board. They
determined the study was exempt under 45 CFR § 46.104(d)(2)

http://formative.jmir.org/2021/1/e23000/
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because the research involved no more than minimal risk to
subjects and only included interactions involving educational
tests, survey procedures, interview procedures, or observations
of public behavior.

Individuals aged 18-24 years were invited to participate and
consented to participate via acceptance of a SurveyMonkey
survey invitation. A brief introduction to the survey content was
provided before participants opted to stop or continue to the
guestion and answer portion of the survey. Each question of the
survey included a*“no response” option should the respondent
prefer not to share that information. Respondents were allowed
to withdraw from the survey at any time.

Results

SurveyMonkey audience sampling identified 809 prescreened
panelists who were invited to participate. A total of 548
respondents initiated the survey. Of these, 35 participants
abandoned the survey and 513 completed it, for a survey
completion rate of 93.6%. Nearly all (99.8%) respondents used
a mobile phone or tablet to complete the questionnaire. Table
1 summarizes the sociodemographics of participants. With a
mean age of 20.6 years, nearly two-thirds of participants had
partially completed or completed college. When asked whether
they knew someone who had contracted COVID-19 or if they
had contracted it themselves, 192 (37.4%) answered in the
affirmative.
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Table 1. Sociodemographic characteristics of survey participants (N=513).

Variables Values
Mean age, years (SD) 20.6 (2)
Agerange, years 18-24
Gender, n (%)
Male 261 (51)
Female 246 (48)
Other 6 (1)
Highest educational level, n (%)
Some high school 27 (5.3
High school 134 (26)
Some college 198 (38.6)
College 121 (23.6)
Graduate/professional degree 33(6.4)
Race/ethnicity, n (%)
American Indian/Alaskan 6(1.2)
Asian 79 (15.4)
Black/African American 60 (11.7)
Hispanic/Latino 96 (18.7)
Native Hawaiian 5(1.0)
White 228 (44.4)
Multiethnic 39(7)
Geographic region of residence, n (%)
Northeast 124 (24.2)
Midwest 100 (19.5)
Southeast 100 (19.5)
South 80 (15.6)
West 39 (7.6)
Pacific 63 (12.3)
Alaska or Hawaii 7(14)

Participant, close friend, and/or family had COVID-19, n (%)
Yes 192 (37.4)
No 321 (62.6)

Most (n=383, 74.7%) young adults agreed that the COVID-19 young adults (n=236; 46.0%) agreed that digital monitoring
pandemic is a public health crisis that poses significant risk to  would be necessary for areturn to normal. Over half of young
the health and safety of the US population (Table 2). However, adult participants expressed privacy concerns about personal
only 56.9% (n=292) agreed that digital monitoring would be information being used in digital surveillance systems for
effectivein helpingto stop COVID-19 transmission. Evenfewer  COVID-19 monitoring.
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Table 2. Responses of young adults in the United States (N=513) to questions about their beliefs and concerns regarding COVID-19 and digital
surveillance.

Beliefs/concerns and responses Participants, n (%)
Believesthe COVID-19 pandemic isa public health crisis

Strongly disagree 30(5.8)
Disagree 44 (8.6)
Neutral 56 (10.9)
Agree 186 (36.3)
Strongly agree 197 (38.4)
Believes digital tracking/monitoring would help stop the spread of COVID-19
Strongly disagree 43(8.9)
Disagree 53 (10.3)
Neutral 125 (24.4)
Agree 188 (36.7)
Strongly agree 104 (20.3)
Believes digital tracking/monitoring is necessary to return to normal
Strongly disagree 58 (11.3)
Disagree 76 (14.8
Neutral 143 (27.9)
Agree 145 (28.3)
Strongly agree 91 (17.8)
Concerns about the privacy of my information used for tracking/monitoring
Strongly disagree 42 (8.2)
Disagree 85 (16.6)
Neutral 126 (24.6)
Agree 139 (27.1)
Strongly agree 121 (23.6)

Young adults expressed differences in opinion regarding their  stated a willingness for passive monitoring (eg, monitoring of
willingness to participate in the two types of potential location and contacts by cell phone; Table 3). Approximately
COVID-19 tracking. Nearly half (n=231; 45.1%) stated their  25% of responses to each question were neutral. Young adults
willingness for active monitoring (eg, they would manualy  also appeared morewilling to share personal health information
input data via their phone/tablet), while only 33.3% (n=171) than location or contact data.
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Table 3. Responses of young adults in the United States (N=513) to questions about their willingness to participate in aspects of COVID-19 digital

surveillance.

Questions and responses

Participants, n (%)

Willing to allow cell phone to passively monitor

Strongly disagree 99 (19.3)
Disagree 113 (22)
Neutral 130 (25.3)
Agree 121 (23.6)
Strongly agree 50(9.8)
Willing to actively input specific health data via phone/tablet
Strongly disagree 58 (11.9)
Disagree 96 (18.7)
Neutral 25 (24.4)
Agree 167 (32.6)
Strongly agree 64 (12.5)
Willing to shareresults of any COVID-19 virusor antibody tests
Strongly disagree 60 (11.7)
Disagree 52 (10.1)
Neutral 112 (21.8)
Agree 200 (39)
Strongly agree 89 (17.4)
Willing to share symptom information such as coughing, tiredness, or temperature
Strongly disagree 68 (13.3)
Disagree 66 (12.9)
Neutral 106 (20.7)
Agree 193 (37.6)
Strongly agree 80 (15.6)
Willing to share my location and where | have been, tracked by my phone
Strongly disagree 146 (28.5)
Disagree 105 (20.5)
Neutral 120 (23.4)
Agree 103 (20.1)
Strongly agree 39(7.6)
Willing to share personal contact data such aswho | waswith, tracked by my phone
Strongly disagree 138 (26.9)
Disagree 117 (22.8)
Neutral 114 (22.2)
Agree 99 (19.3)
Strongly agree 45 (8.8)

When asked to select the entities with whom they would be
willing to share their personal information (Table 4), 62.6%
(n=321) of young adults endorsed sharing information with
their doctor/health care provider. Government agencies (local
and federal) were the next most trusted option, with a similar
number willing to share their data with local or federal

http://formative.jmir.org/2021/1/e23000/

RenderX

government agencies and researchers. Only about one-third of
the respondents were willing to share their information with
schools or employers. By far, the group that respondentstrusted
least with their information was private companies.

Respondents were asked whether they would agreeto participate
inmonitoring prior to engaging in select activitiesto help control

JMIR Form Res 2021 | vol. 5 | iss. 1 [€23000 | p.58
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

viral transmission (Table 5). None of the activities generated
agreement from more than half of participants, and nearly
one-fourth of respondents stated that they would not agree to
any monitoring to participate in the listed activities.

There were no significant differences in mean age, gender, or
education between those willing or neutral regarding being
tracked for COVID-19 risk behaviors/symptoms versus those
who were unwilling (Table 6). Significant differences were
noted in race/ethnicity in univariate analyses.

Maytin et a

There was a stepwise relationship between disbelief that
COVID-19 is a public hedlth crisis and lack of willingness to
participate in digital tracking (Figure 1). At the extremes, only
15.2% (30/197) of respondents who strongly agreed that
COVID-19isapublic health crisiswere unwilling to be tracked,
whereas 53.3% (16/30) of respondents who strongly disagreed
that COVID-19 is a public hedlth crisis were unwilling to be
tracked.

Table4. Responses of young adultsin the United States (N=513) to a question regarding their willingnessto share persona health datawith individuals

or organizations for COVID-19 digital surveillance.

Potential data recipient

Willing to share information, n (%)

Your doctor or other health care provider responsible for your care
Local, county, or state health department

Federal agencies or researchers (such as the Centers for Disease Control
and Prevention or the National Institutes of Health)

Your school
Your employer
Companies such as Google, Microsoft, Apple, and Facebook

None of these

321 (62.6)
199 (38.8)
189 (36.9)

174 (33.9)
156 (30.4)
78 (15.2)
76 (14.8)

Table5. Responses of young adultsin the United States (N=513) to a question regarding activities they would be willing to agree to COVID-19 digital

surveillance prior to participating.

Activity

Willing participants, n (%)

Travel by airplane

Visit elderly or sick family membersin anursing home or hospital
Return to in-person attendance at school or work

Attend large socia gatherings (eg, wedding, graduation, birthday party)
Shop at an indoor mall

Travel by public transportation (eg, bus, train, subway)
Dineindoors at a restaurant

Be a spectator at a sporting event, concert, or movie theatre

Be in public without a mask or face covering

Participate in organized team sporting events

Return to indoor places of worship

Gather with family and friends that do not live with you

None of these

222 (43.3)
189 (36.8)
183 (35.7)
182 (35.5)
176 (34.3)
173 (33.7)
166 (32.4)
164 (32.0)
158 (30.8)
150 (29.2)
149 (29.0)
142 (27.7)
118 (23.0)
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Table 6. Characteristics of young adultsin the United States (N=513) unwilling to be passively or actively digitally monitored for COVID-19.

Factors All others (n=388) Unwilling (n=125) P value
Mean age, years (SD) 20.6 (4) 20.6 (4) .69
Gender (female), n (%) 182 (47) 64 (51) .59
Location, n (%) .09
Alaska/Hawaii 4(1) 3(24) N/AZ
Midwest 77 (19.8) 23(18.4) N/A
Northeast 96 (24.7) 28 (22.4) N/A
Peacific 48 (12.4) 15(12) N/A
South 65 (16.7) 15 (12) N/A
Southeast 76 (19.6) 24(19.2) N/A
West 22 (5.6) 17 (13.6) N/A
Highest education, n (%) 45
Some high school 17 (4.3) 10(0.2) N/A
High school 100 (25.8) 34(27.2) N/A
Some college 149 (38.4) 49 (39.2) N/A
College 95 (24.4) 26 (20.8) N/A
Graduate school 27 (6.9) 6(4.8) N/A
Race/ethnicity, n (%) .002
American Indian/Alaska Native 3(0.1) 3(24) N/A
Asian 68 (17.5) 11(8.8) N/A
Black/African American 53 (13.7) 7 (5.6) N/A
Hispanic/Latino or Spanish 72 (18.6) 24(19.2) N/A
Multiethnic 23(5.9) 16 (12.8) N/A
Native Hawaiian/lIslander 5(1.2) 5(4) N/A
White 164 (42.3) 64 (51.2) N/A
Close friend or family member with COVID-19, n (%) 140 (36.1) 52 (41.6) .32

8N/A: not applicable.

Figure 1. Relationship between belief in COVID-19 asasignificant public health crisisand willingnessto be digitally monitored from survey of young

adults in the United States (N=513).
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Discussion

Although population health technol ogies such as digital contact
tracing and symptom surveillance have the potential to be
instrumental in controlling the spread of COV1D-19, the young
adultsin our survey were not in agreement about the necessity
and effectiveness of these public health practices. Although the
vast majority agreed that COVID-19 is a public health threat,
they were nearly evenly divided in their opinions about digital
monitoring being a viable solution.

Thisisin stark contrast to public health recommendations to
rely on surveillance systems to safely participate in daily
activities such aswork or school during the pandemic. A report
released by the Duke-Margolis Center for Health Policy
recommends that a national surveillance system be established
to control the ongoing COV1D-19 pandemic and suppressfuture
resurgences [20]. The authors assert that widespread serologic
and diagnostic testing capabilities, routine data sharing,
syndromic surveillance, and the use of digital toolsand resources
(particularly digital appsalready in use by some health systems)
will be essential for rapidly tracing and quarantining new cases
and for ongoing COVID-19 surveillance.

However, our research indicates that a somewhat large and
consistent percentage (20%-25%) of young adults feel neutral
regarding questions of surveillance effectiveness or necessity
and expressed privacy concerns related to digital surveillance.
Young adults may be especially resistant to or ambivalent about
digital monitoring efforts due to the increased importance of
peer-group social interactions during this stage of development
aswell as underestimation of therisk involvedin such behavior.
Adolescent self-esteem and sense of identity is greatly
influenced by socialization with peers, in ways that may make
young adults reluctant to abide by strict distancing and
monitoring guidelines [21]. There may be aneed for education
directed at this demographic on the usefulness of these precision
public health tools for infection control.

We al so sought to understand if there were differences between
those who might endorse active digital surveillance (eg,
inputting daily symptomsin adigital app) versus passivedigital
surveillance (eg, location tracking using mobile phone
information). Respondents showed aclear preferencefor active
monitoring, with almost 12% more respondents agreeing to
active monitoring than passive monitoring. Thiswas surprising
given the popularity among young adults of various social media
apps (such as Snapchat) that use passive location-tracking
services [22]. It may be that active monitoring provides young
adults with a sense of control over choosing the information
they share. Passive monitoring (such as location tracking) may
feel less transparent and more invasive.

This finding is similar to other research that has shown that
many Americans believe that passive monitoring through cell
phones would be ineffective against COVID-19 and such
surveillance is unacceptable [23]. Distrust toward the
government and concerns about security and privacy are the
main barriersto adoption of digital surveillancetoolsto control
COVID-19 [24]. Young Americans in particular have been
shown to have lower levels of trust compared to older
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Americans. This lower interpersonal level of trust extends to
institutions such as elected officials, police officers, the military,
and other civic leaders [25], and perhaps provides context for
why young adults may perceive contact-tracing efforts as an
invasion of their privacy.

Our survey results underscore the trust and privacy concerns
young adults have toward entities conducting digital surveillance
and about the potentiad misuse of their persona data
Respondents frequently cited potential abuse of information as
a major concern created by COVID-19 digital monitoring,
including such open-ended remarks as “1 do not trust anyone
in power with thisinformation” and “1 worry about who would
have access to the data and the potential for federal overreach.”
Others reported privacy concerns with statements such as
“Strong invasion of privacy,” “My information would be used
for something else and sold to companies” and similar
sentiments.

An unexpected finding of our research wasthat respondentsfelt
more comfortable sharing medical data such as symptoms and
COVID-19 test results rather than information such aslocation
or persona contacts. Moreover, they were most comfortable
sharing this information with their physician or other health
care provider responsible for their care and not public health
authorities, schools, or other entities.

Most importantly, young adult respondents showed
overwhelming distrust toward sharing these data with private
companies listed in the questionnaire as Google, Apple,
Microsoft, or Facebook, with only 15.2% agreeing to sharetheir
information with such entities. Pandemic surveillance programs
devel oped by these private companies may be severely hindered
by this distrust, regardless of their functionality. Thisis similar
to research that suggeststhat private technology entities are the
least likely source for which individuals would be willing to
use surveillance apps and that there is no single, authoritative
provider to which everyone would be willing to share the data
necessary for digital tracking apps to be effective [26].

It may be that these trust, privacy, and personal data concerns
will pose a significant challenge in convincing individuals to
usedigital tracking applications[27]. However, for young adults
frustrated with social distancing policies, digital monitoring
may provide something of a middle ground, allowing them to
continue social activitieswhile also granting some control over
COVID-19 spread. However, our research indicated that even
for socia activities that may involve the risk of possible
infection, young adults were not supportive of surveillance
measures that could keep them or others safe. Therewas alack
of consensusregarding the types of activitiesfor which it would
be acceptable for young adults to be monitored prior to
participating. Agreement to participate in digital monitoring
was fairly low for al activities, even those such as visiting
elderly family members in a hospital or nursing home, where
the risk to themselves or others would presumably be greatest.
There was no majority agreement on any one activity that would
benefit from surveillance and 23% (n=118) of respondentswere
not willing to participate in surveillance for any activity.

This may support the idea that some individuals are unaware
of the risks of their behaviors or underestimate their personal
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risk of infection relative to others[28]. Young adults have been
shown to exhibit a higher willingnessto accept risk in situations
where the likelihood of positive or negative outcomes is
unknown [29]. As demonstrated during the COVID-19
pandemic, this tendency manifested itself in continued
sociaization with peers despite social distancing guidelines,
and awillingnessto neglect public health safety measures such
as mask wearing and handwashing when compared to older
adults [30].

Itisfor thisvery reason (the underestimation of health risk) that
the use of digital public health tools for COVID-19 is heeded.
The utility of population health technologies for disease
surveillance has been shown in the past in studies of the
transmission of influenza-likeillness[31]. Radin et al [31] found
that wearabl e device data significantly improved predictions of
influenza-likeillness transmission and concluded that such data
collection systems could be crucia in guiding responses to
suppress future outbreaks. For young adults, digital monitoring
could be essential for a safe “return to normalcy,” but digital
public health technologies effectiveness against COVID-19
will be dependent on widespread trust and uptake [32].

In addition, agencies cannot implement surveillance programs
without a better understanding of obstacles to their success.
Although many digital health tools have been rapidly deployed
in response to the COVID-19 crisis, continuous improvements,
modifications, and customizationswill haveto be madeto these
tactics so they may be personalized for the various populations
they are meant to protect. Such tactics must take into account
that young adults have been more likely to experience job or
wage loss because of the COVID-19 outbreak and are more
likely to report high levels of emotional distress during the
COVID-19 pandemic compared to older Americans[8]. These
impacts may be motivating the behaviors of young adults during
this pandemic and influencing their attitudestoward surveillance
efforts. Further research is needed on how young adults perceive
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their behavior and risks of COVID-19 to inform the future use
of digital health technologiesto monitor and control thisdisease
in this population. For young adults, it may be that more
education about the benefits of such precision public health
effortsand theinvolvement of their trusted health care providers
would be a path worth exploring to achieve digital surveillance
goals.

One limitation of this study isthat the sample population is not
arandom sample of the United States. The survey was conducted
using the SurveyMonkey platform, whereall of the respondents
previously agreed to survey participation and should thus be
viewed as a convenience sample. However, the age, gender,
and ethnic and racial distribution of our survey participants is
representative of the general young adult population in the
United States [33]. The regional distribution of responses is
also relatively representative of the US population, with the
highest proportion residing in the Northeast (n=124; 24.2%).
An additional limitation is that due to the rapidly changing
nature of the pandemic, new information becoming available,
and case numbers and personal circumstances changing, the
findings of this research may not be reflective of shifting
opinions.

In conclusion, despite largely agreeing that COVID-19
represents a serious public health risk, a large proportion of
young adults are reluctant to participate in digital monitoring
to manage the pandemic. Thisis true for both commonly used
methods of public health surveillance (such as contact tracing)
and novel methods designed to facilitate a return to normal
(such as frequent symptom checking through digital apps). As
amajor vector of COVID-19 transmission, the participation of
young adults in digital COVID-19 monitoring is important to
its success. Ultimately, the hesitancy of young adults to
participate in digital monitoring must be addressed for these
public health surveillance systems to be effective.

The authors would like to acknowledge Cynthia Girman, DrPH, and Molly Aldridge, MPH, for their expertise and reviewing and
providing feedback on the study protocol and Institutional Review Board review submissions.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Questionnaire used to survey young adultsin the United States regarding COVID-19 digital surveillance.
[PDE File (Adobe PDF File), 98 KB - formative v5i1e23000_appl.pdf ]

References

1.  MaxourisC. US coronavirus casestop 12 million. An expert says spread is now ‘faster' and 'broader’ than ever. CNN. 2020
Nov 21. URL: https://www.cnn.com/2020/11/21/health/us-coronavirus-saturday/index.html [accessed 2020-11-21]

2. Ca W, Ivory D, Smith M, Lemonides A, Higgins L. What we know about coronavirus cases on campus. The New York
Times. 2020 Jul 28. URL: https://www.nytimes.com/interactive/2020/07/28/us/covid-19-colleges-universities.html [accessed

2020-11-23]

3.  Garg S, KimL, Whitaker M, O'Halloran A, Cummings C, Holstein R, et al. Hospitalization Rates and Characteristics of
Patients Hospitalized with Laboratory-Confirmed Coronavirus Disease 2019 - COVID-NET, 14 States, March 1-30, 2020.

http://formative.jmir.org/2021/1/e23000/

JMIR Form Res 2021 | vol. 5 | iss. 1 |€23000 | p.62
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=formative_v5i1e23000_app1.pdf&filename=a558826b9c71fd7c0ced926ccf286bc4.pdf
https://jmir.org/api/download?alt_name=formative_v5i1e23000_app1.pdf&filename=a558826b9c71fd7c0ced926ccf286bc4.pdf
https://www.cnn.com/2020/11/21/health/us-coronavirus-saturday/index.html
https://www.nytimes.com/interactive/2020/07/28/us/covid-19-colleges-universities.html
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Maytin et al

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24,

MMWR Morb Mortal Wkly Rep 2020 Apr 17;69(15):458-464 [FREE Full text] [doi: 10.15585/mmwr.mm6915e3] [Medline:
32298251]

Boehmer TK, DeVies J, Caruso E, van Santen KL, Tang S, Black CL, et al. Changing Age Distribution of the COVID-19
Pandemic - United States, May-August 2020. MMWR Morb Mortal Wkly Rep 2020 Oct 02;69(39):1404-1409 [ EREE Full
text] [doi: 10.15585/mmwr.mm6939el] [Medline: 33001872]

Malmgren J, Guo B, Kaplan H. COVID-19 confirmed case incidence age shift to young persons age 0-19 and 20-39 years
over time: Washington State March - April 2020. medRxiv. Preprint published online on May 28, 2020 [FREE Full text]
[doi: 10.1101/2020.05.21.20109389]

Expectations for a COVID-19 vaccine. AP-NORC at the University of Chicago. URL : https://apnorc.org/projects/
expectations-for-a-covid-19-vaccine/ [accessed 2020-11-25]

Jurkowitz M, Mitchell A. Older Americans continue to follow COVID-19 news more closely than younger adults. Pew
Research Center. 2020. URL : https.//www.journalism.org/2020/04/22/ol der-americans-continue-to-follow-covid-19-news-
more-closely-than-younger-adults/ [accessed 2020-11-25]

Schaeffer K, Raine L. Experiences with the COVID-19 outbreak can vary for Americans of different ages. Pew Research
Center. 2020 Jun 16. URL: https://www.pewresearch.org/fact-tank/2020/06/16/experiences-with-the-covid-19-
outbreak-can-vary-for-americans-of-different-ages/ [accessed 2020-11-23]

Epidemiology Working Group for NCIP Epidemic Response, Chinese Center for Disease Control and Prevention. [The
epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in China]. Zhonghua Liu
Xing Bing Xue ZaZhi 2020 Feb 10;41(2):145-151. [doi: 10.3760/cma.j.issn.0254-6450.2020.02.003] [Medline: 32064853]
Yang R, Gui X, Xiong Y. Comparison of Clinical Characteristics of Patientswith Asymptomatic vs Symptomatic Coronavirus
Disease 2019 in Wuhan, China. JAMA Netw Open 2020 May 01;3(5):€2010182 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.10182] [Medline: 32459353]

Bosman J, Mervosh S. As virus surges, younger people account for 'disturbing’ number of cases. The New York Times.
2020 Jun 25. URL : https://www.nyti mes.com/2020/06/25/us/coronavirus-cases-young-people.html [accessed 2020-11-23]
Simmons-Duffin S. States nearly doubled plans for contact tracers since NPR surveyed them 10 days ago. National Public
Radio. 2020 May 07. URL: https:.//www.npr.org/sections/heal th-shots/2020/04/28/846736937/we-asked-al [-50-
states-about-their-contact-traci ng-capacity-heres-what-we-learned [accessed 2020-11-23]

Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dérner L, et al. Quantifying SARS-CoV-2 transmission
suggests epidemic control with digital contact tracing. Science 2020 May 08;368(6491):eabb6936 [FREE Full text] [doi:
10.1126/science.abb6936] [Medline: 32234805]

Chan AT, Brownstein JS. Putting the Public Back in Public Health - Surveying Symptoms of Covid-19. N Engl JMed
2020 Aug 13;383(7):e45. [doi: 10.1056/NEJM p2016259] [Medline: 32501663]

Zhong B, LuoW, Li H, Zhang Q, Liu X, Li W, et al. Knowledge, attitudes, and practicestowards COV1D-19 among Chinese
residents during the rapid rise period of the COVID-19 outbreak: a quick online cross-sectional survey. Int JBiol Sci
2020;16(10):1745-1752 [FREE Full text] [doi: 10.7150/ijbs.45221] [Medline: 32226294]

McFadden SM, Malik AA, Aguolu OG, Willebrand KS, Omer SB. Perceptions of the adult US population regarding the
novel coronavirus outbreak. PLoS One 2020;15(4):€0231808 [ FREE Full text] [doi: 10.1371/journal.pone.0231808]
[Medline: 32302370]

SurveyMonkey. URL: https://www.surveymonkey.com/ [accessed 2020-11-15]

Market Research Solutions. SurveyMonkey. URL : https.//www.surveymonkey.com/market-research/data-quality/ [accessed
2020-11-15]

SurveyMonkey Contribute. SurveyMonkey. URL: https://hel p.surveymonkey.com/articles/'en%20_US/kb/

SurveyM onkey-Contribute?bc=Buying_Responses#Charities [accessed 2020-11-15]

McClellan M, Gottlieb S, Mostashari F, RiversC, SilvisL. A national COVID-19 surveillance system: achieving containment.
Margolis Center for Health Policy. 2020. URL: https://healthpolicy.duke.edu/sites/defaul t/files/2020-06/
a_national_covid_surveillance system.pdf [accessed 2020-06-15]

Brown B, Lohr M. Peer-group affiliation and adol escent self-esteem: An integration of ego-identity and symbolic-interaction
theories. Journal of Personality and Social Psychology 1987;52(1):47-55 [FREE Full text] [doi: 10.1037/0022-3514.52.1.47]
Constine J. Snapchat launches|ocation-sharing feature Snap Map. TechCrunch. 2017 Jun 21. URL: https://techcrunch.com/
2017/06/21/snap-map/ [accessed 2020-11-15]

Anderson M, Auxier B. Most Americans don't think cellphone tracking will help limit COVID-19, are divided on whether
it's acceptable. Pew Research Center. 2020 Apr 16. URL: https://www.pewresearch.org/fact-tank/2020/04/16/most-
americans-dont-think-cellphone-tracking-will-hel p-limit-covid-19-are-divided-on-whether-its-acceptabl e/ [accessed
2020-11-20]

Altmann S, Milsom L, Zillessen H, Blasone R, Gerdon F, Bach R, et al. Acceptability of App-Based Contact Tracing for
COVID-19: Cross-Country Survey Study. IMIR mHealth uHealth 2020 Aug 28;8(8):€19857 [FREE Full text] [doi:
10.2196/19857] [Medline: 32759102]

http://formative.jmir.org/2021/1/e23000/ JMIR Form Res 2021 | val. 5 | iss. 1 |e23000 | p.63

RenderX

(page number not for citation purposes)


https://doi.org/10.15585/mmwr.mm6915e3
http://dx.doi.org/10.15585/mmwr.mm6915e3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32298251&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6939e1
https://doi.org/10.15585/mmwr.mm6939e1
http://dx.doi.org/10.15585/mmwr.mm6939e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33001872&dopt=Abstract
https://doi.org/10.1101/2020.05.21.20109389
http://dx.doi.org/10.1101/2020.05.21.20109389
https://apnorc.org/projects/expectations-for-a-covid-19-vaccine/
https://apnorc.org/projects/expectations-for-a-covid-19-vaccine/
https://www.journalism.org/2020/04/22/older-americans-continue-to-follow-covid-19-news-more-closely-than-younger-adults/
https://www.journalism.org/2020/04/22/older-americans-continue-to-follow-covid-19-news-more-closely-than-younger-adults/
https://www.pewresearch.org/fact-tank/2020/06/16/experiences-with-the-covid-19-outbreak-can-vary-for-americans-of-different-ages/
https://www.pewresearch.org/fact-tank/2020/06/16/experiences-with-the-covid-19-outbreak-can-vary-for-americans-of-different-ages/
http://dx.doi.org/10.3760/cma.j.issn.0254-6450.2020.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32064853&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2020.10182
http://dx.doi.org/10.1001/jamanetworkopen.2020.10182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32459353&dopt=Abstract
https://www.nytimes.com/2020/06/25/us/coronavirus-cases-young-people.html
https://www.npr.org/sections/health-shots/2020/04/28/846736937/we-asked-all-50-states-about-their-contact-tracing-capacity-heres-what-we-learned
https://www.npr.org/sections/health-shots/2020/04/28/846736937/we-asked-all-50-states-about-their-contact-tracing-capacity-heres-what-we-learned
http://europepmc.org/abstract/MED/32234805
http://dx.doi.org/10.1126/science.abb6936
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234805&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp2016259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32501663&dopt=Abstract
https://www.ijbs.com/v16p1745.htm
http://dx.doi.org/10.7150/ijbs.45221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32226294&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0231808
http://dx.doi.org/10.1371/journal.pone.0231808
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302370&dopt=Abstract
https://www.surveymonkey.com/
https://www.surveymonkey.com/market-research/data-quality/
https://help.surveymonkey.com/articles/en%20_US/kb/SurveyMonkey-Contribute?bc=Buying_Responses#Charities
https://help.surveymonkey.com/articles/en%20_US/kb/SurveyMonkey-Contribute?bc=Buying_Responses#Charities
https://healthpolicy.duke.edu/sites/default/files/2020-06/a_national_covid_surveillance_system.pdf
https://healthpolicy.duke.edu/sites/default/files/2020-06/a_national_covid_surveillance_system.pdf
https://doi.org/10.1037/0022-3514.52.1.47
http://dx.doi.org/10.1037/0022-3514.52.1.47
https://techcrunch.com/2017/06/21/snap-map/
https://techcrunch.com/2017/06/21/snap-map/
https://www.pewresearch.org/fact-tank/2020/04/16/most-americans-dont-think-cellphone-tracking-will-help-limit-covid-19-are-divided-on-whether-its-acceptable/
https://www.pewresearch.org/fact-tank/2020/04/16/most-americans-dont-think-cellphone-tracking-will-help-limit-covid-19-are-divided-on-whether-its-acceptable/
https://mhealth.jmir.org/2020/8/e19857/
http://dx.doi.org/10.2196/19857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32759102&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Maytin et al

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gramlich J. Young Americans are less trusting of other people and key institutions than their elders. Pew Research Center.
2019. URL: https.//www.pewresearch.org/fact-tank/2019/08/06/young-americans-are-| ess-trusting-of -other-people-
and-key-institutions-than-their-elders/ [accessed 2020-11-15]

Hargittai E, Redmiles E. Will Americans be willing to install COVID-19 tracking apps? Scientific American. URL: https:/
[blogs.sci entificameri can.com/observations/will-ameri cans-be-willing-to-install -covid-19-tracking-apps/ [accessed
2020-11-10]

Fahey RA, Hino A. COVID-19, digital privacy, and the social limits on data-focused public health responses. Int J Inf
Manage 2020 Dec;55:102181 [FREE Full text] [doi: 10.1016/).ijinfomgt.2020.102181] [Medline: 32836638]

Wise T, Zbozinek T, Michelini G, Hagan CC, Mobbs D. Changesin risk perception and protective behavior during the
first week of the COVID-19 pandemic in the United States. PsyArXiv. Preprint posted online on March 19, 2020. [doi:
10.31234/0sf.i0/dz428]

Tymula A, Rosenberg Belmaker LA, Roy AK, Ruderman L, Manson K, Glimcher PW, et al. Adolescents' risk-taking
behavior is driven by tolerance to ambiguity. Proc Natl Acad Sci U S A 2012 Oct 16;109(42):17135-17140 [FREE Full
text] [doi: 10.1073/pnas.1207144109] [Medline: 23027965]

Hutchins HJ, Wolff B, Leeb R, Ko JY, Odom E, Willey J, et al. COVID-19 Mitigation Behaviors by Age Group - United
States, April-June 2020. MMWR Morb Mortal Wkly Rep 2020 Oct 30;69(43):1584-1590 [FREE Full text] [doi:
10.15585/mmwr.mm6943e4] [Medline: 33119562]

Radin J, Wineinger N, Topol E, Steinhubl S. Harnessing wearabl e device datato improve state-level real-time surveillance
of influenza-like illness in the USA: a population-based study. The Lancet Digital Health 2020 Feb;2(2):e85-e93 [FREE
Full text] [doi: 10.1016/s2589-7500(19)30222-5]

Gasser U, lencaM, Scheibner J, Sleigh J, Vayena E. Digital tools against COVI1D-19: taxonomy, ethical challenges, and
navigation aid. The Lancet Digital Health 2020 Aug;2(8):e425-e434 [ FREE Full text] [doi: 10.1016/S2589-7500(20)30137-0]
[Medline: 32835200]

Statustrendsin the education of racial and ethnic groups. National Center for Education Statistics. URL : https://nces.ed.gov/
programs/raceindicators/indicator RAA.asp [accessed 2020-11-15]

Edited by G Eysenbach; submitted 30.07.20; peer-reviewed by D Levine, C Garcia; comments to author 22.09.20; revised version
received 25.11.20; accepted 19.12.20; published 08.01.21.

Please cite as:

Maytin L, Maytin J, Agarwal P, Krenitsky A, Krenitsky J, Epstein RS

Attitudes and Perceptions Toward COVID-19 Digital Surveillance: Survey of Young Adultsin the United States
JMIR Form Res 2021;5(1):€23000

URL: hitp://formative.jmir.org/2021/1/€23000/

doi: 10.2196/23000

PMID: 33347420

©Lauren Maytin, Jason Maytin, Priya Agarwal, Anna Krenitsky, JoAnn Krenitsky, Robert S Epstein. Originally published in
JMIR Formative Research (http://formative.jmir.org), 08.01.2021. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR Formative Research, is properly
cited. The complete bibliographic information, a link to the original publication on http://formativejmir.org, as well as this
copyright and license information must be included.

http://formative.jmir.org/2021/1/e23000/ JMIR Form Res 2021 | val. 5 | iss. 1 |e23000 | p.64

RenderX

(page number not for citation purposes)


https://www.pewresearch.org/fact-tank/2019/08/06/young-americans-are-less-trusting-of-other-people-and-key-institutions-than-their-elders/
https://www.pewresearch.org/fact-tank/2019/08/06/young-americans-are-less-trusting-of-other-people-and-key-institutions-than-their-elders/
https://blogs.scientificamerican.com/observations/will-americans-be-willing-to-install-covid-19-tracking-apps/
https://blogs.scientificamerican.com/observations/will-americans-be-willing-to-install-covid-19-tracking-apps/
http://europepmc.org/abstract/MED/32836638
http://dx.doi.org/10.1016/j.ijinfomgt.2020.102181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32836638&dopt=Abstract
http://dx.doi.org/10.31234/osf.io/dz428
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=23027965
http://www.pnas.org/cgi/pmidlookup?view=long&pmid=23027965
http://dx.doi.org/10.1073/pnas.1207144109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23027965&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6943e4
http://dx.doi.org/10.15585/mmwr.mm6943e4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119562&dopt=Abstract
https://doi.org/10.1016/S2589-7500(19)30222-5
https://doi.org/10.1016/S2589-7500(19)30222-5
http://dx.doi.org/10.1016/s2589-7500(19)30222-5
https://www.thelancet.com/journals/landig/article/PIIS2589-7500(20)30137-0/fulltext
http://dx.doi.org/10.1016/S2589-7500(20)30137-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32835200&dopt=Abstract
https://nces.ed.gov/programs/raceindicators/indicator_RAA.asp
https://nces.ed.gov/programs/raceindicators/indicator_RAA.asp
http://formative.jmir.org/2021/1/e23000/
http://dx.doi.org/10.2196/23000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33347420&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH Aminoff et a

Original Paper

Telemedicine for Remote Surgical Guidance in Endoscopic
Retrograde Cholangiopancreatography: Mixed Methods Study of
Practitioner Attitudes

Hedvig Aminoff!, MA; Sebastiaan Meijer’, PhD; Urban Arnelo®®, PhD, MD; Susanne Frennert’, PhD

Biomedical Engineering and Health Systems, KTH Royal Institute of Technology, Stockholm, Sweden

2Department of Surgical and Perioperative Sciences, Surgery, Umed University, Umed, Sweden

3Division of Surgery, CLINTEC, Karolinska I nstitutet, Stockholm, Sweden

4Department of Computer Science and Media Technology, Internet of Things and People Research Center, Malmé University, Malmo, Sweden

Corresponding Author:

Hedvig Aminoff, MA

Biomedical Engineering and Health Systems
KTH Royal Institute of Technology
Hélsovégen 11

Stockholm, 141 57 Huddinge

Sweden

Phone: 46 8 790 80 71

Email: hedvigam@kth.se

Abstract

Background: Telemedicineinnovationsarerarely adopted into routine health care, the reasons for which are not well understood.
Teleguidance, apromising service for remote surgical guidance during endoscopic retrograde cholangiopancreatography (ERCP)
was due to be scaled up, but there were concerns that user attitudes might influence adoption.

Objective:  Our objective was to gain a deeper understanding of ERCP practitioners’ attitudes toward teleguidance. These
findings could inform the implementation process and future evaluations.

Methods. We conducted semistructured interviews with ERCP staff about challenges during work and beliefs about tel eguidance.
Theoretical constructs from the technology acceptance model (TAM) guided the thematic analysis. Our findings became input
to al6-item questionnaire, investigating surgeons' beliefs about tel eguidance’s contribution to performance and factorsthat might
interact with implementation.

Results: Results from 20 interviews with ERCP staff from 5 hospitals were used to adapt a TAM questionnaire, exchanging
the standard “ Ease of Use” items for “Compatibility and Implementation Climate.” In total, 23 ERCP specialists from 15 ERCP
clinics responded to the questionnaire: 9 novices (<500 ERCP procedures) and 14 experts (>500 ERCP procedures). The average
agreement ratings for usefulnessitems were 64% (~9/14) among experts and 75% (~7/9) among novices. The average agreement
ratings for compatibility itemswere somewhat lower (experts 64% [~9/14], novices 69% [~6/9]). The averages have been calcul ated
from the sum of several items and therefore, they only approximate the actual values. While 11 of the 14 experts (79%) and 8 of
the 9 novices (89%) agreed that teleguidance could improve overall quality and patient safety during ERCP procedures, only 8
of the 14 experts (57%) and 6 of the 9 novices (67%) agreed that teleguidance would not create new patient safety risks. Only 5
of the 14 experts (36%) and 3 of the 9 novices (33%) were convinced that video and image transmission would function well.
Similarly, only 6 of the 14 experts (43%) and 6 of the 9 novices (67%) agreed that administration would work smoothly. There
were no statistically significant differences between the experts and novices on any of the 16 items (P<.05).

Conclusions. Both novicesand expertsin ERCP procedures had concernsthat tel eguidance might disrupt existing work practices.
However, novices were generally more positive toward teleguidance than experts, especially with regard to the possibility of
developing technical skills and work practices. While newly trained specialists were the main target for teleguidance, the experts
were also intended users. As experts are more likely to be key decision makers, their attitudes may have a greater relative impact
on adoption. We present suggestions to address these concerns. We conclude that using the TAM as a conceptual framework can
support user-centered inquiry into telemedicine design and implementation by connecting qualitative findings to well-known
analytical themes.
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Introduction

Background

Rapid development of surgica techniques and medical
technology creates a continual need for retraining among
surgeons|[1,2]. Remote surgical guidancethrough telementoring
and teleconsulting [3] can be a cost-effective way to facilitate
teaching and training for less experienced surgeons [4] and
support safe adoption of new clinica methods among
experienced practitioners [5-9]. However, telemedicine
innovationsrarely move from the pilot stage to routine delivery
[10,11]. As of yet, the factors contributing to acceptance and
adoption of telemedicine are not well understood [12-15].

This study focuses on a promising telemedicine service for
remote surgical guidance called teleguidance. The innovation
was based on videoconferencing combined with transmission
of high-quality endoscopic video and fluoroscopy. In this way,
a high-volume clinical center could provide intraoperative
consultation to a low-volume center during endoscopic
retrograde cholangiopancreatography (ERCP), whichisahighly
specialized procedure for the diagnosis and treatment of biliary
and pancreatic disease. A feasibility study demonstrated the
impact on the clinica outcomes [16]. However, when
teleguidance was to be scaled up to include more hospitals,
some practitioners appeared less interested than anticipated.
This raised concerns about implementation and about whether
teleguidance could become an accepted way of working. We
therefore conducted atheory-driven, user-centered study to gain
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a deeper understanding of practitioners attitudes toward
teleguidance.

In the following sections, the clinical procedure and the
telemedicine innovation are described. These sections also
provide agenera background to studying attitudes toward new
technol ogies and adescription of our methodol ogical approach.

Teleguidancein ERCP

ERCP is a technically advanced procedure for the diagnosis
and treatment of biliary and pancreatic disease. ERCP has a
long learning curvein both technical skillsand decision making.
After theinitial specialty training, it is necessary to perform a
certain number of cases per year to sustain the acquired skills,
which may be difficult in low-volume clinics. Continual
retraining, necessary for keeping up with new surgical advances
[17], isalso sometimesdifficult at hospitalswith fewer resources
for education and research. This can have consequencesin the
case of unusual conditions or if complications arise during the
procedure. Difficulties during ERCP can lead to delays in
diagnosis and treatment or painful or even life-threatening
complicationsfor patientswho already have serious underlying
health issues[18].

Practitionersin need of advice during an ERCP procedure, but
without the option to ask an experienced colleague on site, can
opt for aternative procedures or refer the patient to another
hospital. Another optionisto get in touch with fellow speciaists
by telephone. Teleguidance was developed to enhance this
practice through videoconferencing coupled with high-quality
video transmission of videos and radiographic imagery (Figure
1).
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Figure 1. Teleguidance in endoscopic retrograde cholangiopancreatography.
rn LA —

A feasihility study has shown that teleguidance between a
tertiary referral center and a low-volume hospital can result in
improved quality of care [16]. This raised the prospect of
extending this telemedicine service. A series of user-centered
design effortswereinitiated [ 19,20] aswell as health-economic
modeling [4]. Prior to expanding the service, an exploratory
survey (Multimedia Appendix 1) showed variations in how
cliniciansrated their need of support. Subsequently, we wished
to investigate practitioners' attitudes toward tel eguidance more
thoroughly.

Related Research

Traditionally, advanced surgical skills are learned by working
together with experienced surgeons as mentors, progressing
from shadowing to increasingly independent work. Necessary
on-site training and retraining is sometimes difficult due to
practical reasons and costs [9]. Numerous case studies—the
earliest dating from the 1960s—have presented
videoconferencing as a safe and efficacious way of providing
surgical mentoring, enabling safe adoption of new techniques
through remote expert guidance [2,6,7,21]. However, surgical
telementoring is not widely used [5] and its impact over time
isnot well understood [6]. Implementation outcomes in health
care are strongly affected by organizational context and how
well an innovation answersto user needs [22]. This complexity
makes it challenging to identify measurable determinants that
provide an adequate image of implementation [23], in particular,
regarding the quality and safety of products and services that
function across multiple organizations [24].

Technology acceptance, a concept that relates beliefs and
attitudes to use, is often considered an important determinant
for technology implementation [22]. The technology acceptance
model (TAM) [25] hypothesizes that people are more likely to
use a technology if they believe it will be useful and easy to
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use. TAM was developed to provide validated measures for
efficient early acceptance testing during development of office
information systems [25,26]. The model defines two
fundamental constructs: Perceived Usefulness signifying “the
degreeto which aperson believesthat using aparticular system
would enhance hisor her job performance’ and Perceived Ease
of Use, representing “the degree to which aperson believesthat
using aparticular system would befree from effort” [27]. These
central constructs were to be measured by a parsimonious
guestionnaire and were also intended to be transferable across
different technologies and users [27]. TAM has been applied
in many domains and TAM research has provided validation,
extension, and elaboration of the central constructs [28].
However, surprisingly, few studies have investigated whether
the model actually isareliable predictor of use[28-31] or what
makes asystem useful [32]. Despite these weaknesses, the model
is so frequently used that it has been described as a paradigm
[30,33,34].

Various versions of TAM are commonly used in health care,
and TAM has been extensively applied in studies of telemedicine
[14,35-39]. While physician acceptanceis commonly considered
an important success factor [40], there does not appear to be
any “optimal” version of TAM for telemedicine [14]. Despite
its frequent use, TAM has shown shortcomings in health care
[14,33,35]. Some of these have been attributed to the model’s
narrow focus on individual users needs [39].

Another critique is that TAM invites quantitative treatment of
narrowly defined theoretical constructs: the constructs
themselves are treated as “black boxes,” which in the end has
led to a state of theoretical confusion and chaos “around the
TAM'’s contribution to the understanding of technology
acceptance and use” [32]. TAM was developed for prototype
usability testing or system selection for office information
technology systems, and the original definitions are grounded
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in research about cognitive and affective factors affecting the
use of single-user computer software [25]. Transferring TAM
to health carerai sesfundamental issues about how the carefully
designed and validated TAM scaleitems (Multimedia Appendix
2) match the concepts being studied [41]. Holden et al [41] posit
that acceptance studiesin health care could benefit from a broad
set of perceptions about usefulness and adapting the variables
to the context in question. Many studies have added extensions
to include a wider range of situational and social influences
than were originally defined [14], and alternative
conceptualizations of “ Ease of Use” for health care broaden the
focus from individual users’ beliefs about usability issues to
include an organizational context [39].

The many adaptations and variants of TAM and the discussions
about its relevance in health care highlight the importance of
carefully considering what “Usefulness’ and “Ease of Use’
mean in each specific case. However, the model’s construct
definitions can support qualitative data collection, analyses, and
the interpretation of findings [42,43].

The combination of ambivalent attitudes toward tel eguidance
and research showing that telemedicine adoption appears
problematic motivated us to investigate ERCP practitioners
attitudes toward teleguidance. Guided by TAM, we studied the
waysin which teleguidance might be perceived as* useful” and
“easy to use” and how these perceptions vary across ERCP
practitioners. These results are intended to inform the design
and implementation process and to be valuable for understanding
if and how teleguidance will be used at different clinical sites
over time.

Methods

Questionnaire Design

Behavioral questionnaires should be grounded in the
understandings of what isto be measured through contact with
domain experts, and research in the relevant behavior domain
should guide the construction of the items [44]. We conducted
interviews to understand ERCP work and stakeholder beliefs
about teleguidance’s contribution to procedures or other
interactions with ERCP work. This was followed by thematic
analysis [45], where TAM served as a theoretical framework.
The interview findings served as a basis for adapting the
standard TAM questionnaire. Theinterviews and questionnaire
are described in more detail in the following sections.

Interview Procedure

Initial key contacts with clinical staff at the different locations
were set up by senior physicians at the tertiary referral center
providing teleguidance, and a snowballing technique [46] gave
us accessto additional respondents. A total of 20 semistructured
interviews with 10 ERCP specialists, 5 ERCP assistants, 3
technical staff, and 2 administrative staff from 5 hospitals were
conducted.

Prior to each interview, the background, design, and purpose
of the study, as well as the implications of participation were
explained and also presented in printed from in order to gain
informed consent [47] (Multimedia Appendix 3). Each
participant was given averbal presentation of the telemedicine
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service and a printed presentation with text and images
describing teleguidance. Interviews were audio recorded and
transcribed verbatim and treated as realist accounts. The
interview length ranged from 30 minutes to 2 hours.

Coding and analysis proceeded through severa iterations of
reading the interview transcripts and refining the coding and
themes. After coding, the data extracts were collated to help
review patterns and relationships. The thematic analysisfocused
on identifying issues that might affect the use of teleguidance.
At the outset, anumber of themes were defined from the TAM
model: statements related to performance, productivity, and
effectivenesswereto be coded as* Usefulness” issues, and issues
related to expected usability or design issues as “ Ease of Use”
issues.

Questionnaire Procedure

The 16-item questionnaire used a 7-point Likert-type scale, with
a midpoint alternative to respond as “neutral.” It was made
accessible as a closed, web-based 1-page survey provided
through a web-based survey service during a 6-week period.
Email invitations were sent to 25 physicians regularly
performing ERCP at 15 different ERCP clinics, providing a
link, information about estimated time to compl ete the survey
(5 minutes), and information about data management and
analysis (Multimedia Appendix 4). The number of practicing
ERCP speciaistsin Sweden is small, and we made an effort to
reach as many specialists in the field as possible that we had
not yet interviewed. Analytical themes were operationalized as
guestionnaire items (Multimedia Appendix 5). Questionnaire
itemsand phrasing were reworked anumber of timesto provide
asuccinct format and secure a high response rate. The order of
the questions was randomized to avoid order effects. A few
guestions were also negatively phrased. Subjects’ age, gender,
and professional experience, and an option to add comments
wasincluded. The questionnaire was pilot tested [46] by 2 ERCP
specialists at the University hospital. The results were treated
with exploratory data analysis methods, and we created visual
representations of the score distributionsin the form of stacked
columns (Multimedia Appendix 6 and Multimedia Appendix
7). To gain interpretability and improve the stability of the
ratings, we dichotomized the Likert scale ratings [48] with a
cut between disagreement and neutral (1,2,3,4) and agreement
(5,6,7). We also ran a Mann-Whitney U test in SPSS (IBM
Corp), arank-based nonparametric test, to investigate differences
in the attitude scores between experts and novices for each
guestionnaire item. For all tests, a P value less than .05 was
considered statistically significant.

Results

Interview Results

The interviews gave us insight into practitioner beliefs about
teleguidance’ s possible contributionsto performance and factors
that might interact with implementation. Four analytical themes
(Multimedia Appendix 8) were defined through an iterative
process of reviewing the transcripts, codes, and themes [49].
As the interview study progressed, it became clear that the
respondents were not mentioning standard “ Ease of Use” factors
related to usability issuesor design. What we found instead was
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mention about how teleguidance might interact with the work
system, workflow issues, patients’ and management’ s attitudes,
and whether the telemedicine service would cause
practical/technical or administrative issues. Risk was an
additional theme that emerged inductively from the data sets.
On this basis, we replaced the concept “Perceived ease of use’
with 2 concepts defined in the Consolidated Framework for
Implementation Research (CFIR) [50]: compatibility and
implementation climate. Compatibility refersto thefit between
the innovation and the current work systems. Implementation
climate is intended to reflect users' beliefs about whether the

Aminoff et d

use of teleguidance would be expected and supported among
important stakeholders. The themes were used as the basis for
the questionnaire design.

Questionnaire Results

In this study, 25 ERCP speciaists—14 experts (>500
procedures) and 9 novices (<500 procedures)—provided
compl ete responses (100% completion rate); 2 respondentswere
removed as they had previously participated in the interviews.
The perceived usefulness items and average dichotomized
agreement scores are shown in Table 1.

Table 1. Dichotomized agreement scores of perceived usefulness by experts and novices in endoscopic retrograde cholangiopancreatography.

Perceived usefulness items

Experts (n=14), n (%)  Novices (n=9), n (%)

Per formance

Teleguidance can be away for me to improve my technical skillsin ERCP?
The ERCP that we perform are challenging enough for tel eguidance to be of value
Overall, teleguidance would be beneficial for the quality and patient safety of the ERCP that

we perform

Teleguidance would help to further develop the ERCP activities at thisclinic

Effectiveness and productivity

Teleguidance would allow my patients to get the appropriate treatment faster
Teleguidance can allow my patients to receive a better ERCP treatment
Teleguidance would alow usto perform a greater number of ERCP procedures

Teleguidance can help me get the most out of the time | set aside for ERCP

9 (64) 7(78)
7 (50) 6 (67)
11 (79) 8 (89)
10 (72) 8 (89)
10 (72) 6 (67)
11 (79) 8 (89)
8(57) 4(44)
8 (57) 7(78)

3ERCP: endoscopic retrograde cholangiopancreatography.

The average agreement ratings for usefulness items were 64%
(~9/14) among experts and 75% (~7/9) among novices. The
average agreement ratings for compatibility items were
somewhat lower (experts 64% [~9/14], novices 69% [~6/9]).
The averages were calculated from the sum of several items
and therefore, they only approximate the actual values. Experts
and novices tended to agree that tel eguidance could contribute
to better overall ERCP treatment for patients (11/14, 79% and
8/9, 89%; respectively) and improve quality and patient saf ety
during ERCP procedures (11/14, 79% and 8/9, 89%;
respectively). However, only 7 of the 14 experts (50%) thought
that the procedures they performed were challenging enough
for teleguidance to be of value, while 6 of the 9 novices (67%)
agreed. The novices also agreed to a higher extent (7/9, 78%)
than experts (8/14, 57%) that teleguidance could contribute to
their effectiveness. Fewer experts (10/14, 71%) than novices
(8/9, 89%) believed teleguidance could help develop ERCP
activities at the clinic. Multimedia Appendix 6 showsthe score
distributions of the Usefulnessitems.

https://formative.jmir.org/2021/1/e20692

Experts gave high agreement scores (>75%) on both
implementation climate items (Table 2), while relatively few
novices agreed that management would be positive toward
teleguidance (experts 11/14, 79%; novices 7/9, 56%). There
were also concerns about the quality of video and image
transmission and administration between hospitals, with
relatively low agreements on “ The quality of video and image
transmission between hospitals will function well” (experts
5/14, 36%; novices 3/9, 33%) and “Administration between
hospitals will function well” (experts 6/14, 43%; novices 6/9,
67%). Similarly, only 8 of the 14 experts (57%) and 6 of the 9
novices (67%) agreed that tel eguidance would not create new
patient safety risks. This contrasts with the scores for
“teleguidance would be beneficial for the quality and patient
safety of the ERCP that we perform,” where both groups
expressed positive expectations about the service's contribution
to quality and patient safety.
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Dichotomized agreement scores on implementation climate and compatibility by experts and novices in endoscopic retrograde

Perceived ease of use items

Experts (n=14), n (%)  Novices (n=9), n (%)

Implementation climate
Management would be positive that | use teleguidance
My patients would be positive that | use teleguidance
Compatibility

Teleguidance isaway of working that could suit me and my workplace

The quality of video and image transmission between hospitals will function well

Administration between hospitals will function well

Teleguidance is unlikely to create risks for patients' confidentiality and integrity

Teleguidance is unlikely to create risks for staff integrity
Teleguidance is unlikely to create new patient safety risks

11 (79) 5 (56)
11 (79) 7(78)
10 (72) 9 (100)
5(36) 3(33)
6 (43) 6 (67)
10 (71) 7(78)
11 (79) 7(78)
8 (57) 6 (67)

The graphs showing score distributions (Multimedia A ppendix
7) illustrate that agreement was generally high; however, there
was a large portion of neutral ratings on items, namely,
“Management would be positive that | use teleguidance,” “The
quality of video and image transmission between hospitalswill
function well,” and “Administration between hospitals will
function well.”

Mann-Whitney U tests showed that there were no statistically
significant differences between the novices and the experts on
any of the 16 items (P<.05) (Multimedia Appendix 9).

Discussion

Principal Results

The interviews provided insight into the types of benefits
teleguidance could provide and into the everyday ERCP work
practicesthat might be affected by teleguidance. Thisserved as
important input for our questionnaire, where we defined the
construct “Usefulness’ in terms of how teleguidance might
contribute to performance, productivity, and effectiveness. We
exchanged the standard TAM construct “Ease of Use” for
“Implementation climate and Compatibility” to better reflect
concerns about how teleguidance might fit with the existing
work system and if tel eguidance might introduce new risks. Our
main focus was to develop an understanding of the complexity
of thedomain and of the diversity among respondents, grounded
in qualitative data.

The questionnaire allowed us to expand our inquiry to include
a larger number of specialists in a domain where access to
practitioners can be very difficult [51]. In the interviews, many
expressed positive expectations about tel eguidance, particularly
that it could answer to challenges that novices were facing.
However, many staff members also expressed concerns about
how teleguidance would fit in with existing work system. The
guestionnaire results similarly showed that most respondents
believed that teleguidance could contribute to the quality and
safety of procedures and to the many anticipated technical and
administrative i ssues—possibly even new patient safety issues.
Thisindicatesthat practitioners had concernsthat teleguidance
might disrupt work.

https://formative.jmir.org/2021/1/e20692

While noviceswerethe primary target group of thetelemedicine
service, teleguidance was designed with both novices and more
experienced ERCP specialists in mind. We found that some
experts were consistently skeptical toward teleguidance. As
senior cliniciansare morelikely to be key decision makers[52],
the attitudes among this group can have a greater relative
importance for implementation than novices' attitudes. Below,
we discuss some possible reasons for and consequences of the
differences between novices and experts and comment on the
methodological concerns. We conclude with some practical
suggestions for the implementation of teleguidance.

Differences Between Novices and Experts

Our interviews indicated that novices could be under
considerable pressure during key phases of the procedure and
they often saw room for improvement in current work processes.
This was reflected in the questionnaire results, where novices
had higher agreement scores on all the performance items and
on the items for individual and organizational effectiveness.
Novices may also have a lower threshold to work with
videoconferencing than their more experienced colleagues, who
also were older; previous use of information and communication
technology in everyday life has been seen as a significant
predictor for physicians' telemedicine use [53]. The score
distributions show that there were someitemswith many neutral
responses, especialy the “Implementation climate and
Compatibility” items. This not only draws down the
dichotomized score but it also indicates a challenge in asking
potential users to form an opinion of a complex intervention,
which might have complex outcomes, eg, patient saf ety issues.
Experienced practitioners displayed alower level of agreement
that teleguidance could improve their individua performance,
which may be explained by aless imperative need for support.
However, developing integrative competence and taking part
in a surgical innovation is an important aspect of sustaining
acquired surgical competence[54], which is one of the aims of
teleguidance.

While more experts than novices believed that management
would be positive toward teleguidance, they al so expected more
administrative challenges. The differences in how experts and
novices weighed these organizational aspects of teleguidance
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may be explained both by differencesin rolesand in experience:
senior practitioners were more likely to have managerial
functions and hence might have a different perspective of
management priorities and the changesthat tel eguidance might
entail [2]. We can only speculate about the experts who gave
negative ratings consistently: senior ERCP specidlists with
established practices and status may perceive teleguidance more
as a challenge to traditiona routines [55] or professional
autonomy [56], and as a conseguence, tend to prefer existing
work practices[57]. However, it islikely that negative attitudes
areacommon source of biasinimplementation studies, asthese
practitioners may very well declineto participate at al. Research
has shown that differences in power and politics among
professional groups influence the use of new technologies in
health care [52]. Our findings underline the importance of
including avariety of experience and rolesin thistype of study:
some experts thought that novices would prefer “hands-on”
help to remote guidance, while many novices themselves said
the opposite. In addition, many of the interviewed nurses
mentioned concerns about staff and patient integrity issues, but
nurses were not included in the questionnaire nor was this view
reflected in the doctors’ questionnaire responses.

Practical Implicationsfor Implementation

Teleguidance was initially developed to meet a wide range of
challenges regarding the quality of ERCP procedures; it was
not exclusively intended to serve the practical training needs of
novices. Negative attitudes, even among a smaller group of
experienced practitioners, may offset implementation efforts.
However, our findings provide some guidance for design and
implementation. Theinterviews provided insight into ERCP as
atime-sensitive, collaborative team effort, highly dependent on
medical technologies. Staff concerns that tel eguidance might
bean extraburden isbased on daily experiences of ERCPwork.
Viewing teleguidance as a service rather than anew technol ogy
can widen the design perspective to include considerations what
happens when two work systems are bridged by telemedicine.
Experts’ concerns about administrative issues and compatibility
of work practices should be taken seriously; implementation
efforts could benefit from identifying workflow issues, defining
staff roles and tasks, and designating scheduling allowancesfor
teleguidance-related tasks. If teleguidanceisto be widely used,
it is important to define and communicate the value of
teleguidance even for experienced practitioners and to
investigate incentives for experts participation, since
teleguidance also aims to support learning among experts. The
SAGES telementoring initiative [2] differentiates between
telementoring and tel econsultation, answering to different needs
among experts and novices. Their definition of telementoring
emphasizes a learning relationship between a mentor and a
mentee and that telementoring occurs within an educational
framework. Framing teleguidance in asimilar way could benefit
al parties; by clarifying relationships and objectives,
teleguidance may be implemented as an explicit training effort
for novices. Well-defined educational objectives might serve
as incentives for novices to participate as well as increase the
management support of telementoring. This could be away to
avoid inadvertently challenging the power and autonomy of
incumbent experts.
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Asacontrast, teleguidance between two qualified experts might
be defined as teleconsultation. This would signify different
content and implications of the practice, with an emphasis on
an exchange between peers, which may be experienced as less
of a threat or intrusion by the more experienced ERCP
specialists.

Limitations

This study has limitations due to the lack of lack of internal
validity tests, which were beyond the scope of the study. This
study does not attempt to exhaustively identify themesthat may
affect attitudes toward tel eguidance, asthe TAM guided toward
predefined factors of interest. The number of respondents may
be questioned, but as the total population of practicing ERCP
specialists in Sweden is small and our respondents are highly
representative, we claim to adequately cover variations among
the groups. This study was exploratory, focused on developing
an understanding of the complexity of the domain and of
diversity among respondents. The quality of our findings is
grounded in the qualitative data, rather than in statistical
inference [58]. This study represents “the scientific discovery
phase’ [42], where empirical findings from a complex setting
can ground hypotheses about behavior and design. Inthissense,
items with low agreement or ambiguous findings such as the
seemingly contradictory beliefsabout patient safety are valuable
indications about how similar studies can be refined.

Conclusion

In our interviews, practitioners’ descriptions of ERCP work and
their beliefs about teleguidance did not resonate with the
classical TAM questionnaire; they had no need to “work more
quickly” or “makethejob easier” nor did theinterviews provide
any statements about “Ease of Use” issues such as design
features or usability. Instead, staff spoke of organizationa
demands deeply infused with clinical work, intense team
collaboration, and constant organizational pressure for
effectiveness and efficiency.

This means that tel eguidance does not just have to answer to
individual users' needs but also to organizational demands and
priorities. Our findings show that introducing teleguidance is
not “just” introducing new technology; teleguidance will change
collaborative practices, linking locations that have their own
setsof practicesand priorities, which also can cause disruptions.
We believe that the main cause for negative attitudes toward
teleguidanceisbased on these concerns, which can be addressed
during design and implementation. This study is an example of
how TAM can support theory-guided user-centered design
approaches to telemedicine development [31]. This may be a
way to tackle the complexity of introducing technology in health
care[59]. Using TAM inthisway isalso areturn to the original
intentions of the TAM, namely, to provide early user feedback
to the system development processes, so as to gain better
understanding of “how to improve user acceptance through
design” [26].

Future Work

We suggest that using theories to guide the investigation of
relevant user needs and expectations in a specific context is a
way to inform the development and implementation of
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telemedicine. By connecting findings to well-known analytical
themes such as usefulness and terminology and concepts in
frameworks such as CFIR [50], thistype of qualitative approach
can contribute to understanding the forces that shape the
adoption of telemedicine and contribute to its effects. The
complexity of introducing tel eguidance across multipleclinical
sites and ERCP teams will make evaluation particularly
challenging [60,61]. Theoriesthat accommodate complexity in
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studies of technological change are increasingly emphasized
[59,62]. Building on our insights from this study, we hope to
apply sociotechnical methods that are developed for
understanding changes in complex and adaptive settings [59]
and follow the introduction of teleguidance over time in a
real-world context to study the ways in which teleguidance
affects user behaviors.
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Abstract

Background: Persistent genital arousal disorder/genito-pelvic dysesthesia (PGAD/GPD) is a highly distressing yet poorly
understood condition characterized by persistent genito-pelvic sensations, often described as “genital arousal,” which occur in
the absence of sexual desire. PGAD/GPD is associated with significant impairment in psychosocial and daily functioning; however,
there are currently no empirically validated treatment algorithms for PGAD/GPD. Pelvic floor physical therapy exercises have
been found to be effective at reducing other forms of genito-pelvic discomfort, such as vulvodynia, and may aso be beneficial
to those experiencing PGAD/GPD. Many individuals with PGAD/GPD report difficulty finding a health care provider who is
knowledgeable about PGAD/GPD; therefore, pelvic floor education and exercises in an online format may have the potential to
reach more individuals in need.

Objective: This study examined the feasibility of an online pelvic floor group education program; descriptively assessed
outcomes related to distress, discomfort, catastrophizing, and mood; and obtained feedback from participants in order to inform
the development of improved online group programs.

Methods: Fourteen women with current symptoms of PGAD/GPD attended an online, 8-session pelvic floor group education
program. Participants completed questionnaires of symptoms (ie, symptom distress, discomfort) and psychosocia well-being (ie,
depression, anxiety, symptom catastrophizing) prior to the group sessions (Time 1), immediately after the final group session
(Time 2), and 6 months following the final group session (Time 3). Participants also completed an anonymous feedback
questionnaire immediately following the group program.

Results. Overall, participants who attended a larger number of the group sessions (>5 sessions, n=7) appeared to report lower
baseline (Time 1) symptoms and psychosocial impairment than those who attended fewer sessions (<5 sessions, n=7). A pattern
of small improvements was seen following the group sessions on symptom and psychosocial outcomes. In the feedback
guestionnaire, breathing and relaxation exercises were described to be the most helpful home practice exercises, and participants
rated sessions on (1) the relationship between emotions and PGAD/GPD symptoms and (2) relaxation exercises to be the most
helpful. A number of barriersto participation in the group program were a so identified, including comorbid health concerns and
lack of personal time to complete the program/exercises.

Conclusions:  Online interventions provide an opportunity to reach international participants who may otherwise struggle to
access aknowledgeable provider for their PGAD/GPD symptoms. Addressing barriers may help to increase participants’ abilities
to engage in the program. Future programs may seek to integrate a greater focus on relaxation strategies and cognitive-affective
strategies for managing PGAD/GPD symptoms.

(JMIR Form Res 2021;5(1):e22450) doi:10.2196/22450
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Introduction

Persistent genital arousal disorder/genito-pelvic dysesthesia
(PGAD/GPD) is a highly distressing yet misunderstood
condition characterized by distressing genito-pelvic sensations
(ie, dysesthesias) often described as “genital arousa” [1].
Although many people assumethat sensations of genital arousal
are pleasant, wanted, and aligned with one's internal sense of
feeling “turned on”, PGAD/GPD represents a clear exampl e of
disagreement between the physical sensations of what would
commonly occur in response to effective sexual stimulation and
the subjective experience of those sensations. Part of the
negative experience of these sensations is due to their extreme
nature: the sensations are most often prolonged, persistent, and
difficult—if not almost impossible—to stop [2]. In addition,
they are commonly described as painful [1,3]. These sensations
can occur in response to a variety of sexual and nonsexual
triggers, or they may occur suddenly and unexpectedly [2].
Studies haveindicated that level s of distressin responseto these
symptoms are predominantly moderate to high, defined as a
mean of around 7 on a scale from 0 (no distress) to 10
(extremely high distress) [2,4].

Despite the recent emergence of clinical and research attention
to this pattern of symptoms, the most commonly used diagnostic
manuals do not yet include aformal diagnosis of PGAD/GPD,
with the exception of the most recent version of the I nternational
Classification of Diseases (ICD-11[5]). Additional efforts have
been made, and the most recent classification system for sexual
dysfunctions published by the International Society for the Study
of Women's Sexual Health (ISSWSH) includes criteria for
PGAD/GPD [6]. The ISSWSH criteria are based on expert
opinion and consist of the following: persistent or recurrent,
unwanted or intrusive, distressing feelings of genital arousal,
or being on the verge of orgasm, not associated with concurrent
sexual interest, thoughts, or fantasieswith aduration of 6 months
or more. These feelings can be associated with: (a) limited
resolution, no resolution, or aggravation of symptoms by sexual
activity with or without aversive or compromised orgasm; (b)
aggravation of symptoms by certain circumstances; (c) despair,
emotional lability, catastrophizing, or suicidality; and (d)
inconsistent evidence of genital arousal (eg, vaginal lubrication)
during symptoms.

Although the prevalence of PGAD/GPD is unknown because
of alack of large-scale epidemiological studies, estimatesfrom
other sources exist. Based on their sample of women who
presented at a sexual health clinic in the United Kingdom,
Garvey and colleagues (2009) estimated that PGAD/GPD may
affect approximately 1% of women [7]. More recently, three
community samples from Canada, the United States, and Italy
have found a similar prevalence rate, with 0.6% to 2.7% of
women endorsing all of the characteristic features of
PGAD/GPD at a moderate or higher frequency [8,9]. It is
important to note that most of the clinical and research literature
focuses on women with symptoms of PGAD/GPD; however,
case studies describing similar symptoms in men have aso

http://formative.jmir.org/2021/1/e22450/

emerged [10]. Given the significant representation of women
inthe current research literature, the research cited in this paper
focuses on PGAD/GPD in women.

No empirically validated treatment algorithms for PGAD/GPD
exist. Management commonly consists of pharmacological
approaches, psychologica interventions, and pelvic floor
physical therapy [10], with some health care providers offering
surgical interventions [11]. However, none of these treatment
options have been formally tested or validated. A conservative
approach to symptom management is of ten recommended, with
the options being, in part, guided by the patients’ preferences
and level of distress and the health care providers expertise
and referral base [12]. Although there may be variationsin the
specific options and the timing of these options offered by
various health care providers, many agree that the
symptom-related distress must be specifically addressed in those
with PGAD/GPD given the high frequency of self-reported
suicidal ideation in thisgroup [13]. However, accessto treatment
remains a barrier for many of those with PGAD/GPD due to
the nature of the symptoms; many affected patients report shame
and embarrassment surrounding the communication of their
symptomsto others, including health care providers[14]. Even
those who approach their health care providers may leave the
situation feeling misunderstood and stigmatized because
PGAD/GPD and its possible treatment options are not well
known or understood [14]. Furthermore, the practical aspects
of travelling to see ahealth care provider who isknowledgeable
about PGAD/GPD may present major obstacles, ranging from
financial constraints, to geographic barriers, to the challenges
posed by travelling, which may significantly aggravate
symptoms (eg, vibrations from car, prolonged sitting [2,14]).

In an effort to examine the feasibility of an accessible
therapeutic option geared toward aleviating distress for those
with PGAD/GPD, we pil oted an online group program focusing
on pelvic floor education and exercises and distress reduction
for women with PGAD/GPD. Our focus on the pelvic floor in
thisgroup is based on a case study of awoman with PGAD/GPD
who was successfully treated viapelvic floor rehabilitation [15]
as well as on empirically based recommendations for other
conditions characterized by genito-pelvic discomfort/dysesthesia
(eg, vulvodynia [16]). Our aims were to (1) examine the
feasibility of an online group program; (2) descriptively assess
outcomes related to distress, discomfort, catastrophizing, and
mood; and (3) obtain feedback from participants in order to
inform the development of improved online group programs.

Methods

Participants

Partici pants were women who were experiencing symptoms of
PGAD/GPD for aminimum of 3 months. Theinclusion criteria
for PGAD/GPD were based on its clinical descriptors [6,17].
PGAD/GPD includes experiencing feelings of persistent,
involuntary genital arousal sensations that (1) are not fully
relieved by one or more orgasms; (2) occur in the absence of
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subjective feelings of sexual arousal; (3) persist (ie, last longer
than 30 minutes); (4) are experienced asintrusive and unwanted;
and (5) are experienced as subjectively distressing.

In order to be eligible to participate, participants were also
required to be 18 years of age or older, fluent in English, and
not experiencing any other serious mental health concerns that
would interfere with their ability to participate in the group
sessions (examplesincluded, but were not limited to, substance
use disorder, borderline personality disorder, and psychosis).
In order to determine the effectiveness of the program,
participants were asked to not make any changes to their

Figure 1. Flow of participation.

Expressed interest
N=19

v

Completed screening interview
N=17

|
v
Completed T1 questionnaire

Jackowich et al

PGAD/GPD treatments or medi cations during the course of the
8-session weekly program.

Participants were recruited online via socia media
advertisements (ie, Facebook, Twitter, blog posts) and postings
on relevant websites and listservs to patients and health care
professionals. Our laboratory also has a database of participants
from past research studies who consented to be notified about
additional research opportunities. Initially, 19 women contacted
the study team to express interest in participating, and 17
underwent a phone screening with a member of the study team
to confirm eligibility. See Figure 1 for adepiction of participant
flow.

No screening scheduled
N=2

Ineligible (no computer)
¥ N=1

No sessions attended

N=14
v

Attended sessions

v

N=2

» Attended 5+ sessions

N=12

Completed feedback
N=8

v

Completed T3 questionnaire
N=35

Measures

Questionnaires were completed before the start of the group
(Time 1), immediately after the final group session (Time 2),
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N=17

Attended <5 sessions
N=5

.

Withdrew (not good fit)
N=1

and 6 months following the final group session (Time 3). See
Figure 2 for an outline of the measuresincluded at the different
time points of the program.
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Figure 2. Self-report measuresincluded at each time point of the study. PGAD/GPD: persistent genital arousal disorder/genito-pelvic dysesthesia.

Time 1: Pre-group measures
- Demographics
- PGAD/GPD symptor
ratings

- Sexual distress (FSD

- Depression symptoms (CES-D)
- Anxiety symptoms (STAI)
- Symptom catastrophizing (M-PCS)

mn characteristics and

S-R)

Time 2: Post-group measure

- Sexual distress (FSD

- PGAD/GPD symptom ratings

- Depression symptoms (CES-D)

- Anxiety symptoms (STAI)

- Symptom catastrophizing (M-PCS)

- Anonymous feedback questionnaire

5

S-R)

- Sexual distress (FSD

Time 3: 6-month follow-up measures
- PGAD/GPD symptom ratings
- Depression symptoms (CES-D)
- Anxiety symptoms (STAI)
- Symptom catastrophizing (M-PCS)

S-R)

Demographic I nformation

Participants were asked to provide sociodemographic
information, including age, ethnicity, education, occupation,
relationship status, and sexual orientation.

Symptom Characteristics

Participants were asked to report on a number of PGAD/GPD
symptom characteristics: the approximate date of their
PGAD/GPD symptom onset, the proportion of time PGAD/GPD
symptoms are present (from 0% to 100%), the distress associated
with their PGAD/GPD symptoms (O=noneto 10=most distress
ever), and the discomfort associated with their PGAD/GPD
symptoms (O=none to 10=most discomfort ever). Participants
were also asked about other gynecological concerns that they
experience and the number of health care providers that they
had approached regarding their PGAD/GPD symptoms.

http://formative.jmir.org/2021/1/e22450/
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Depression Symptoms (Center for Epidemiologic Studies
Depression Scale)

Symptoms of depression were assessed using the Center for
Epidemiologic Studies Depression Scale (CES-D) [18]. The
CES-D is a 20-item scale designed to assess the frequency of
symptoms of depression over the past week. The measure is
scored on a 4-point scale, with response options ranging from
0 (Rarely, or none of the time; less than 1 day) to 3 (Most or
all of thetime; 5-7 days). Higher scores on the CES-D represent
more depressive symptoms.

Anxiety Symptoms (State-Trait Anxiety | nventory)

Symptoms of anxiety were assessed using the trait subscale of
the State-Trait Anxiety Inventory (STAI) [19]. The STAI trait
subscaleis comprised of 20 statements. Participantswere asked
to rate how well each statement describes them on a 4-point
scale. Response options range from 1 (Almost never) to 4
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(Almost always). Higher scores on the STAI trait subscale
indicate greater trait anxiety.

Symptom Catastrophizing (Modified Pain
Catastrophizing Scale)

Symptom catastrophizing was measured using a modified
version of the Pain Catastrophizing Scale (M-PCS) [20]. The
PCS was originally designed to assess catastrophizing related
to pain experiences but was modified for the purposes of this
study by replacing the word “pain” with “vulvar sensations’
throughout. The measure includes 13 statements that represent
thoughts or feelings that may occur during PGAD/GPD
experiences (eg, “1 worry all the time about whether the vulvar
sensationswill end,” “I feel | can't goon,” etc), and participants
were asked to report on the frequency at which they experience
these thoughts or feelingsfrom 0 (Not at all) to 4 (All thetime).
Total M-PCS scores range from 0 to 52, with higher scores
indicating higher levels of symptom catastrophizing. Scores of
30 and above on the original scale suggest clinical levels of
catastrophizing [20].

Sexual Distress (Femal e Sexual Distress Scale— Revised)

The Female Sexual Distress Scale — Revised (FSDS-R) [21]
was used to assess sexually-related persona distress. The
measure contains alist of 13 feelings and problems that some
people have regarding their sexuality (eg, distressed about your
sex life, unhappy about your sexual relationship). Participants
were asked to rate how often each problem had bothered them
or caused them distress over the past 30 days, on a5-point scale
ranging from O (Never) to 4 (Always). Higher scores on the
FSDS-R indicate greater levels of sexual distress.

Global Perception of I mprovement

The two post-group questionnaires (Times 2 and 3) included a
single-item question estimating percent overall improvement
of PGAD/GPD symptoms (including emotiona well-being,
pain, sexual functioning, relationship, etc from 0% to 100%)
as aresult of attending the program.

Jackowich et al

Anonymous Feedback Questionnaire

A feedback questionnaire was administered to all participants
who attended at least one of the group sessions following the
final session of the program to gather information about the
acceptability of the session format and content. Participants
were asked which sessions they found the most and least hel pful.
Feedback was also solicited on the acceptability of the length
and frequency of the sessionsaswell ason homework exercises,
including the degree to which participantswere able to complete
the exercises (from O=not at all to 4=a high degree), the most
and least helpful exercises, and factors that would have
facilitated homework compl etion. Participants also commented
on the potential benefit of including partners in the group.

Procedure

The study received approval from the Queen’'s University
(Kingston, ON) Health Sciences and Affiliated Hospitals
Research Ethics Board. Following the telephone screening,
eligible participants were directed to an online survey hosted
by Qualtrics survey softwareto complete before the group began
(Time 1). After reading a Letter of Information and providing
their consent to participate, participants completed the survey,
which took approximately 30 to 45 minutes.

Theonline group education program ran from January to March
of 2018. The program included 8 weekly sessions, each lasting
120 minutes. The sessions were hosted on Zoom
videoconferencing software. The Zoom software transmitsonly
encrypted information, with multilayer security and end-to-end
encryption (“Encryption for Meetings’, 2019). As such, Zoom
is in accordance with the Health Insurance Portability and
Accountability Act (HIPAA, 1996). Participants were provided
with detailed instructions on how to use Zoom, and a team
member (KMM) was present during all sessionsto assist with
any technical difficulties. Moreover, participants in the group
were instructed to respect and maintain the confidentiality of
other members of the group. The topics presented in each of
the weekly education sessions are presented in Table 1.

Table 1. Topics covered in each of the online pelvic floor group education sessions.

Session number Session topic

Introduction to the science of pain (ie, processes that occur within the nervous system when oneisin pain or discomfort

Strategies for communicating one's needs while experiencing discomfort, including tips for educating clinicians and

Sleep hygiene and strength training (general body conditioning exercisesto help a person with chronic symptoms become

Session 1

[such as PGAD/GPD symptoms])
Session 2 Diaphragmatic breathing and its connection to the pelvic floor
Session 3 The benefits of movement and exercise on pelvic floor function
Session 4 Mindfulness
Session 5

sharing information with loved ones
Session 6 The role of nutrition in inflammation and experiences of discomfort
Session 7

more functional in their activities of daily living)
Session 8 Emotion regulation and self-compassion

Each of the 8 sessionsfollowed aset structure. First, participants
werewelcomed, and the educational topicsfor the session were
introduced. Then, participants were guided to perform a breath
techniqueto center/focus on the present. Following the breathing
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exercise, the educational topic of the session was presented by
aregistered physical therapist (EH), who then demonstrated the
exercise introduced that session. Following the demonstration,
the physical therapist then provided verbal guidance for
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participants to perform the exercise. Participants then engaged
in a discussion about the topic, and the session ended with a
guestion and answer period. There was no cost to participants
for the group educational sessions, and ho compensation was
provided. When participants missed a session, they were
provided with handouts summarizing the material presented in
that session. Immediately following the completion of the online
program, participants were sent a link to complete the online
guestionnaires for a second time (Time 2). Participants were
also sent the same online questionnaires 6 months following
completion of the program (Time 3).

Results

Data Considerations

The final sample contained 14 participants at the start of the
group (Time 1), 6 participants at the end of the group (Time 2),
and 5 participants at the 6-month follow-up (Time 3; see Figure
1).

Quantitative Results

Prior to conducting analyses, the datawere examined for missing
values and outliers where appropriate. No outliers were

http://formative.jmir.org/2021/1/e22450/
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identified, defined as values more than 3 times the interquartile
range[22]. No missing datawereimputed for sociodemographic
or symptom questions. On validated questionnaires with more
than 10 items (CES-D, STAI, M-PCS, FSDS-R), if fewer than
15% of the items were missing for each individual, missing
values were replaced with the individual’s mean response on
that questionnaire. If more than 15% were missing, that
individual's questionnaire was excluded from the analyses.
Quantitative results are presented as means and standard
deviations. Analyses were conducted using IBM SPSS Version
26.

Feedback Questionnaire

Responses to open-ended questions in
guestionnaires are presented.

the feedback

Sample Demographics and Symptom Characteristics

Demographic and symptom characteristicsfor participantswho
completed the Time 1 questionnaires (n=14) are presented in
Table 2. Participants were, on average, 43.71 years old (SD
17.65; range: 18to 71). With respect to PGAD/GPD symptoms,
participants reported along average duration of symptoms (mean
7.43years, SD 10.25), and amoderateto high level of associated
distress and discomfort (Table 2).
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Table 2. Sociodemographic information and symptom characteristics for participants who completed the pre-program questionnaires (Time 1; n=14).

Characteristic Values
Ethnicity, n (%)
American 8(57)
Northern European (except British Isles) 3(21)
French 1(7)
Latin American 1(7)
American and Eastern European 1(7)
Occupational status, n (%)
Full-time 2(14)
Part-time 5(36)
Unemployed 2(14)
Retired 1(7)
On disability 4(29)
Education, n (%)
All/some high school 2(14)
All/some college/undergraduate degree 7 (50)
All/some graduate school/professional training 5(36)
Relationship status, n (%)
Single 1(7)
Dating 3(21)
Married/cohabitating 8(57)
Divorced 2(14)
Sexual orientation, n (%)
Mixed-sex oriented 9 (64)
Same-sex oriented 2(14)
Bisexua 2(14)
Asexual 1(7)
PGAD/GPD?® symptoms, mean (SD)
Time since PGAD/GPD symptom onset, years 7.43(10.25)
Time PGAD/GPD present, % 63.31 (28.83)
Distress (O=none, 10=most distress ever) 7.64 (2.27)
Discomfort (O=none, 10=most discomfort ever) 6.43 (3.63)
HCPS® seen for PGAD/GPD, n 550(5.40)
Other gynecological concerns®, n 2.14(1.99)

3PGAD/GPD: persistent genital arousal disorder/genito-pelvic dysesthesia
PHCP: health care provider.

CExamples of other gynecological concernsincludeinterstitial cystitis, pelvic inflammatory disease, endometriosis, and sexually transmitted infections.

Who Attendsthe M agjority of the Group Program?

Of those who completed the Time 1 questionnaire, 7 attended
5 or more of the sessions, and 7 attended less than 5 sessions.
For most absences, no reason was provided; when reasonswere
provided, the most common ones were a scheduling conflict (9
absences) or being too sick/tired (5 absences). To better

http://formative.jmir.org/2021/1/e22450/
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understand who attended the majority of the program sessions,
health history, symptoms, and psychosocial well-being are
presented for those who attended 5 or more versus less than 5
sessions (Table 3). Visual inspection of the data suggested that
those who attended 5 or more sessions were younger, reported
more gynecological comorbidities, and reported less severe
PGAD/GPD symptoms (lower associated discomfort, lower
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associated distress, and symptoms were present for shorter
amount of time). They also reported lower baseline depressive
and anxiety symptoms and lower symptom catastrophizing;
however, they reported greater sexua distress. Overal, it
appears that those with less severe PGAD/GPD symptoms and

Jackowich et al

associated psychosocial concerns attended the majority of the
program sessions. Graphs representing all individual responses
for each individual participant are presented in Multimedia
Appendix 1.

Table 3. Average scores (and SD) of participants who attended 5 or more of the 8 online educational group sessions (n=7) and those who attended less

than 5 sessions (N=7).

Characteristic Attended 5+ sessions, mean (SD)  Attended <5 sessions, mean (SD)
Age, years 41.7 (16.3) 45.7 (20.0)

Other gynecological concerns, n 2.4 (1.5) 19(2.5)

Time PGAD/GPD® present, % 59.8(33.7) 66.3 (26.4)

Distress score 7.6(2.5) 7.7(22)

Discomfort score 5.4 (3.9) 7.4 (3.4)

CES-DP 26.9 (11.9) 32.3(12.6)

STAIC 54.3 (14.1) 58.7 (15.3)

M-pPcsd 325(13.7) 34.7 (13.3)

FSDS R® 33.4(14.0) 29.3(8.3)

3PGAD/GPD: persistent genital arousal disorder/genito-pelvic dysesthesia
BCES-D: Center for Epidemiologic Studies Depression Scale.

CSTAI: State-Trait Anxiety Inventory.

dM-PCS: Modified Pain Catastrophizing Scale.

®FSDS-R: Female Sexual Distress Scale — Revised.

Symptoms and Psychosocial Well-being Before and
After the Program

At Time 2, participants rated their overal perceived
improvement to be 13.5% (SD 20.29; range: 0% to 50%; n=6).
At Time 3, participants rated their overal perceived
improvement to be dlightly higher (mean 15.0%, SD 11.18;
range: 0% to 30%; n=5). Descriptiveinformation about symptom
characteristics, psychosocial adjustment, and sexual well-being
at all 3 time pointsis presented in Table 4. An overall pattern
emerged, such that PGAD/GPD symptoms and psychosocial
well-being improved across time, with the exception of
discomfort associated with PGAD/GPD symptoms, which
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increased at Time 2 but decreased at Time 3. These results are
consistent with the small improvements reported on the global
improvement measure. Depression symptoms, anxiety
symptoms, and sexual distress decreased following the group;
however, the average scores remained within the range
indicating clinically significant levels. The average score of
symptom catastrophizing (M-PCS) fell in the range indicating
clinically significant catastrophizing at Time 1 but decreased
at Times 2 and 3 to a score that no longer fell in the range
indicating clinical significance. Individual responses on each
of the outcome variables, plotted acrossthe 3 study time points,
are presented in Multimedia Appendix 2.
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Table 4. Average scores prior to attending the online educational group program (Time 1), at the end of the 8-week group program (Time 2), and 6
months following the program (Time 3).

Characteristic

Time 1, mean (SD)
n

Time 2, mean (SD)
n

Time 3, mean (SD)
n

Time PGAD/GPD? present, % 63.31 (28.83) 54.83 (34.96) 51.25 (33.26)
13 6 4

Distress score 7.64 (2.27) 7.67 (3.14) 6.80 (2.39)
14 6 5

Discomfort score 6.43 (3.63) 7.33(2.58) 5.40 (2.97)
14 6 5

CES.DP 2957 (12.12) 28.67* (12.04) 23.0* (8.28)
14 6 5

STAIC 56.5* (14.34) 52.17* (13.41) 46.80* (12.85)
14 6 5

M-pC<d 34.21* (12.60) 29.67 (13.71) 25.40 (11.61)
14 6 5

FSDS-R® 31.36% (11.27) 30.33* (17.34) 19.00* (15.75)
14 6 5

3PGAD/GPD: persistent genital arousal disorder/genito-pelvic dysesthesia

BCES-D: Center for Epidemiologic Studies Depression Scale.
CSTAI: State-Trait Anxiety Inventory.

dM-PCS: Modified Pain Catastrophizing Scale.

°FSDS-R: Female Sexual Distress Scale — Revised.

" Scores that fall above established cutoffs, suggesting clinically significant symptoms.

Feedback Questionnaire: What Did ParticipantsThink
About the Group Program?

At Time 2, 8 participants completed an anonymous feedback
guestionnaire about their experience attending the program.
Overall, breathing and relaxation exercises were described to
be the most helpful home practice exercises by the majority of
participants (n=7). On average, participants reported amoderate
ability to complete the home practice exercises (mean 2.0, SD
0.9). Participants reported that the most helpful topics were
sessions that (1) discussed the relationship between emotions,
discomfort, and PGAD/GPD symptoms (n=3) and (2) included
relaxation exercises (ie, breathing, visualization; n=2). The
sessions that were rated as least helpful were those on (1)
nutrition (n=2) and (2) dleep and strength training (n=1). Ratings
of mindfulness and the science of pain/discomfort received a
mixed response (1 positive and 1 negative rating for each). All
participants reported that they were happy with the number and
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length of the sessions, although one additionally specified that
they would prefer biweekly sessions. Only 1 participant
indicated that the inclusion of partners in the group would be
helpful (no: n=5; not sure: n=2).

Open-ended responses on the feedback questionnaire are
presented in Textbox 1. When asked what was helpful about
the sessions, themes emerged of normalization (eg, “not asalone
as | fedl”), support to complete ongoing interventions for the
PGAD/GPD symptoms (“reminders of some of what | was
already doing,” “having afocus each week™), and hopefulness
(“made me once again think about what | can do to handlethis”).
When asked what woul d help participantsto complete the home
practice exercisesregularly, 2 participantsidentified barriersto
completing the exercises: timing of the sessions and health
concerns. Two participants offered concrete changes to the
structure of home practice exercises. a brief note summarizing
the home practice exercises at the end of each session (n=1)
and more personal interaction during the program (n=1).
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Textbox 1. Open-ended responses from participants (n=8) who attended the 8-session group educational program.

«  Knowing about how the brain works

horrid condition!

PGAD/GPD).
« | knew most of the information already...

«  More personal interaction.

« A separate note with just the exercise after each session.
«  Better health.

Question 1: In what ways did you find the sessions helpful ? What did you find most useful ?

«  Reminder that emotional suffering, anxiety etc. can worsen physical conditions. Support that | am not as‘alone’ as| feel trying to ENDURE this

« | appreciate having a focus each week and the science and research presented behind the methods.

« | learned something new in every session. The handouts after the sessions were over. | found that | was able to underline certain points and it
was easier to look back over. | also liked the videos as | am avery visual learner.

. Made me once again think about what | can do to handle this while | still hope to get help from the doctors (that they will find a reason for

« Being able to see how others responded and what input they had was very valuable to me.

«  Reminders of some of what | was aready doing: meditations, yoga, physical exercise, correct nutrition.

Question 2: What would have madeit easier for you to complete the home exer cises?

«  More persona time. The sessions came at avery busy timein my life[...] | didn't have the capacity to slow down.

« | think timing had alot to do with issues for me. Having had two hospitalizations within amonth [ ...] has |eft me severely restricted at thistime.

Discussion

Principal Findings

To our knowledge, this study is the first to examine the
feasibility of an online pelvic floor group education program
for PGAD/GPD. PGAD/GPD is associated with significant
negative psychosocia impact [13], and there is great need for
empirically based treatment interventions that address both
PGAD/GPD symptoms and their consequences[10]. Given the
limited information on and treatments avail able for PGAD/GPD
[10,14], onlineinterventions have the opportunity to reach many
individualswho may not otherwise have accessto treatment for
PGAD/GPD. Thereis growing evidence that web-based health
interventions can be effective in promoting knowledge and
behavioral changeinthe management of other chronicillnesses
[23].

Descriptive results regarding participants who attended the
majority of the group sessions suggested that they were younger
and reported | ess severe PGAD/GPD symptoms and associated
psychosocial concerns(eg, symptom catastrophizing, depression,
and anxiety) than those who attended fewer sessions. In addition,
those who attended the majority of the sessions and completed
the Time 2 and 3 outcome measures reported small
improvements in PGAD/GPD symptoms (proportion of time
present, distress, and discomfort) and psychosocial well-being
(depression symptoms, anxiety symptoms, catastrophizing of
PGAD/GPD symptoms, and sexua distress). These results
indicate that regular participation in an online group program
may be beneficial intermsof outcome. However, thesefindings
also suggest that, even when intervention is presented via an
online format, participants with more severe PGAD/GPD
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symptoms and associated psychosocial consequences may still
face barriersto engaging in such an intervention.

Indeed, previous studies have found that PGAD/GPD symptoms
interfere with daily activities, such as sitting for prolonged
periods of time and the ability to concentrate [2]. This
interference may have prevented those with more severe
symptoms from more fully attending the intervention-based
sessions, even remotely. Future intervention programs for
PGAD/GPD should consider modifications and accommodations
that would help to address barriersto participation. For example,
the integration of asynchronous content to allow participants
more flexibility in the timing of some of the more educational
aspects of the program, in combination with shorter synchronous
sessions, with frequent rest breaksfor the more experiential and
interactive components of the program, may be helpful. More
significant psychosocial correlates of PGAD/GPD symptoms
(ie, greater depression symptoms, anxiety symptoms, and
symptom catastrophizing) could interfere with participation by
reducing motivation to attend sessions and complete home
exercisesor by increasing avoidance of discussionsor exercises
that may be perceived to increase symptoms. Individuals
experiencing significant symptoms of depression, anxiety, or
both may benefit from strategies to reduce depression/anxiety
prior to, or concurrently with, pelvic health education.

We also collected feedback on the most and least hel pful aspects
of the program, with aview to use the knowledge gained to aid
in the redevel opment of an online group intervention for those
with PGAD/GPD. Based on the feedback, sessionsthat focused
on stress management and the role of cognitions and emotions
in the management of genito-pelvic discomfort and unwanted
arousal seemed most helpful and should be included in future
programs. Treatment approaches that focus on these aspects
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have been found to be effective for reducing pain and associated
psychosocial difficulties in women with other forms of
genito-pelvic discomfort (eg, vulvodynia [24-26]). Integration
of these components early in the program may aso help to
address some of the barriers (ie, reducing distress and improving
psychosocial well-being) to attending the program. Overal, in
the feedback questionnaires, participants highlighted the value
of normalization, hopefulness, and motivation/support to
continue seeking treatments. The group format may be
particularly valuable for individuals experiencing a condition,
such asPGAD/GPD, that is surrounded by high levelsof shame
and hopelessness[3,13], and is often unknown within the health
care community [14].

Limitations

The results of this study must be considered in the context of
several limitations. This study was descriptive in nature and
relied onasmall sample size. Future studies may seek to conduct
a similar program in a larger sample, while addressing the
barriersidentified in this study. In addition, participants did not
undergo a clinical exam to confirm their diagnosis of
PGAD/GPD. However, an extensive phone screening interview
reviewing the diagnostic criteriafor PGAD/GPD was conducted,
and previous research has found high agreement between
self-reported symptoms and clinical diagnosis for samples of
women with other forms of genito-pelvic discomfort (ie,
vulvodynia[27,28]). Finaly, thereisno information about how
PGAD/GPD symptoms change over time without intervention
to use asacomparison to these results. While this sample reports
a long duration of symptoms (7.43 years on average), the
chronicity of PGAD/GPD isunknown. Research on other forms
of genito-pelvic discomfort (ie, vulvodynia) has found that
chronicity is heterogenous [29-31]. These studies also indicate
that individuals with a longer duration of symptoms are more
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likely to report greater pain intensity, anxiety, comorbid chronic
pain conditions, and a primary symptom onset [29-31]. More
information about the chronicity of PGAD/GPD symptomswill
aid in interpreting future treatment outcome research. Finally,
the samplewaslimited to individual swith accessto the Internet
and a computer. Online interventions may have the ability to
reach individualswho cannot travel for in-person interventions;
however, a limitation is access to, knowledge of, and comfort
with tel ehealth technol ogy (such asvideoconferencing software).

Conclusions

Online interventions provide an opportunity to reach
international participantswho may otherwise struggleto access
aknowledgeable provider for their PGAD/GPD symptoms. The
group format may aso help to encourage hopefulness and
normalize the experience of symptomsthat are often surrounded
by feelings of shame. This study isthefirst online intervention
study for PGAD/GPD, and it describes the feasibility of an
8-session pelvic floor education program. Overall, participants
were satisfied with the length and frequency of the sessions.
Deep breathing and relaxation exercises were reported to be
beneficial by almost all participants. A number of barriers to
participating in the program were identified (greater symptom
and psychosocial impairment, timing of the sessions, concurrent
health concerns) that could be addressed to help improve the
efficacy of future interventions and increase the ability of
participants to fully engage in the program. Future programs
for PGAD/GPD may increasetheir focus on stress management
strategies and working with thoughts and emotions related to
PGAD/GPD symptoms. Finally, the results reinforce that
PGAD/GPD is a highly distressing condition associated with
significant burden. More research is needed to identify
treatments and interventions to support individuals with
PGAD/GPD.
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Abstract

Background: Digital remote patient monitoring can add value to virtual wards; this has become more apparent in the context
of the COVID-19 pandemic. Health care providers are overwhelmed, resulting in clinical teams spread more thinly. We aimed
to assess the impact of introducing an app-based remote patient monitoring system (Huma Therapeutics) on aclinician’sworkload
in the context of a COVID-19-specific virtual ward.

Objective: This prospective feasibility study aimed to evaluate the health economic effects (in terms of clinical workload) of
amabile app on atelephone-based virtual ward used in the monitoring of patients with COVID-19 who are clinically ready for
discharge from the hospital.

Methods: A prospective feasibility study was carried out over 1 month where clinician workload was monitored, and full-time
equivalents savings were determined. An NHS hospital repurposed a telephone-based respiratory virtual ward for COVID-19.
Patients with COVID-19 in the amber zone (according to the National Health Service definition) were monitored for 14 days
postdischarge to help identify deteriorating patients earlier. A smartphone-based app was introduced to monitor data points
submitted by the patients viacommunication over telephone calls. We then comparatively evaluated the clinical workload between
patients monitored by telephone only (cohort 1) with those monitored via mobile app and telephone (cohort 2).

Results: In al, 56 patients were enrolled in the app-based virtual ward (cohort 2). Digital remote patient monitoring resulted
in areduction in the number of phone callsfrom amean total of 9 callsto 4 calls over the monitoring period. Therewas no change
in the mean duration of phone calls (8.5 minutes) and no reports of readmission or mortality. These results equate to a mean
saving of 47.60 working hours. Moreover, it trandates to 3.30 fewer full-time equivalents (raw phone call data), resultingin 1.1
fewer full-time equivalents required to monitor 100 patients when adjusted for time spent reviewing app data. Individual clinicians
spent an average of 10.9 minutes per day reviewing data.

Conclusions: Smartphone-based remote patient monitoring technologies may offer tangible reductions in clinician workload
at atime when service is severely strained. In this small-scale pilot study, we demonstrated the economic and operational impact
that digital remote patient monitoring technology can have in improving working efficiency and reducing operational costs.
Although this particular RPM solution was deployed for the COVID-19 pandemic, it may set a precedent for wider utilization of
digital, remote patient monitoring solutionsin other clinical scenarios where increased care delivery efficiency is sought.

(IMIR Form Res 2021;5(1):€23190) doi:10.2196/23190
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Introduction

Background

Over the last decade, the world has seen a surge in the creation
of virtual wards, wherein patients are managed remotely
[1]. With an aging population [2], the demand for health care
has started to exceed supply, thereby causing significant strain
on service provision [3]. The need for a solution that reduces
the burden on both primary and secondary health care services
is therefore paramount.

Economic Benefits of Remote Patient M onitoring

Inthe UK, as part of the National Health Service’'s(NHS) Long
Term Plan, digital initiatives are being reviewed for their
potential integration into the current national health care system,
and primary care services are at the forefront of this movement
[4]. It is thought that web-based, digital general practice
consultations and redesigned hospital support will reduce
outpatient appointments by up to athird [4]. This could reduce
patient trips to the hospital by approximately 30 million each
year and, in turn, save the NHS over £1 billion (~US $1.35
billion) annually in new expenditure averted [4]. Although the
use of remote patient monitoring (RPM) hastypically revolved
around the management of chronic diseases (eg, diabetes) and
perioperative care (eg, orthopedic surgery), the expansion of
RPM to wider patient groups promises additional benefits to
both health care professional s and patients. Evidenceregarding
clinical outcomes associated with RPM is limited; however,
there is overwhelming evidence of its economic benefits; for
example, a reduction in clinician workload allowing the
redirection of services to more demanding environments.

In the South Eastern Trust of Northern Ireland, the use of virtual
wards was found to create cost-avoided savings of £ 8,804,529
(~US $11,940,922) over a 3-year period. This case study
evaluated avirtual ward operational in 3 locations encompassing
patients with chronic health conditions such as respiratory
disorders, heart failure, and diabetes [5]. Over the course of the
3-year review period, an estimated 812 hospital admissions
were avoided, and 447 episodes of care were provided by the
virtual ward service, thereby effecting a total saving of
approximately 4547 bed days. The operational costs over the 3
years are approximated at £ 566,273 (~US $768,106), which
equatesto atotal net saving of £ 8,238,256 (~US $11,175,433)

(5].

Similar evidence was also reported by the Healthcare at Home
team who, in 2014, effected a reduction in the number of bed
days by 130,000 [1] via the implementation of virtual wards.
As such, regardless of whether there are any clinical benefits,
it is clear that RPM has significant economic benefits, with
multiple studies showing cost-saving outcomes following the
implementation of avirtual ward [1,5].

RPM in Disease States

Considerable evidence supports the use of RPM, although with
varying levels of robustness, in the care of chronic diseases such
asheart failure, chronic obstructive pulmonary disorder (COPD),
and frailty [6,7]. However, to date, there has been little research
on the management of acuteillnesses or, specifically, respiratory
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illnesses in this setting. Differences between the management
of chronic and acute illnesses can be striking. Therefore, when
attempting to extrapol ate the economic impact of virtual wards
on chronic disease management to acute disease management,
we may expect to encounter some disparity.

In a previous study evaluating the use of an RPM solution in
the care of exacerbation of COPD and chronic heart failure,
Isaranuwatchai et al [8] studied the economic impact of remote
monitoring symptoms to detect early deterioration of patient
health. It is, therefore, somewhat suited to an evaluation in the
context of monitoring of acute conditions. This study showed
a potential reduction of 68% and 35% in the number of
emergency room (ER) visits and hospitalizations, respectively,
between the 3-month pre— and post—-RPM intervention periods.
The average ER visit cost was reduced from CA $243 (~US
$191) at the baselineto CA $67 (~US $53) during the 3-month
follow-up and from CA $3842 (~US $3023) to CA $1399 (~US
$1100) for hospitalization [8]. This result demonstrates that an
RPM solution can not only free-up resources but also lead to a
less resource-heavy and, therefore, less-expensive visit or
admission in the context of acute care.

RPM During the COVID-19 Pandemic

Health systemsworldwide are currently facing an unprecedented
challengethat israpidly transforming thewaysin which clinical
careisprovided. Asof July 2020, the total number of confirmed
cases of COVID-19 worldwide was approximately 15,201,000,
with an estimated total of 623,000 related deaths [9]. At the
time of this research project, no current vaccine nor effective
treatment was available, and minimizing the risk of exposure
was the mainstay of intervention at a population level [10].

Thus, we find ourselves using health care systems that are
fundamentally rooted in face-to-face interactions and managing
a disease by implementing preventive measures such as social
distancing and hygiene education—a challenging combination
of contrasts. Many institutions are, therefore, turning to
connected care or digital health solutions such asvirtual wards,
RPM, and telemedicine [11].

Traditionally, the speed at which these digital interventions
have been introduced has been slow [12]. The COVID-19
pandemic, however, has led to a transformation in the mobile
health (mHealth) landscape, with institutions choosing to quickly
implement mHealth solutions and adapt rapidly [13]. A report
by Mann et a [13] describes the feasibility and impact of a
video-enabled telemedicine solution at the epicenter of the
COVID-19 outbreak in New York. The study, carried out in
conjunction with NYU Langone Health, demonstrated the
impact of thismHealth solution across 25 locations. Among the
various outcomes evaluated, they reported an increase in the
number of daily telemedicine visits from 369.1 to 866.8 in
urgent care settings and from 94.7 to 4209.3 in nonurgent care
settings, of which 56.2% and 17.6% of the visits, respectively,
wererelated to COVID-19. Overall, cliniciansfound the existing
telemedicine solution to be a useful tool in diverting patients
fromthe ER, in order to prioritize those who needed acute care
and thus minimize the risk of COVID-19 exposure [13].
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Owing to the unique impact of COVID-19 on health care
systems, there is limited evidence to reflect on the economic
effects of RPM on pandemics of this kind. Consequently,
COVID-19 provides an opportunity to explore the economic
impact of widespread implementation of RPM for acute care.
These analyses may also be applicable to other pandemics and
standard practices alike, as most research investigates the use
of RPM for exacerbations of chronic disease states and their
associated illnesses. These analyses are generally handled with
well-established processes with known protocolsin place. Such
economic evaluations would, therefore, not take into account
the potential impact of virtual wards on the following: reduction
of viral transmission (and the subsequent knock-on effect of
reduced sickness on the economy), increase in the efficiency of
resource use (such as from those high-risk individuals who
would not be available for front-line work), or reduction in the
utilization of other resource such as personal protective
equipment [14,15].

With theincreasing popularity of digital technologies providing
mobile app—based solutions for digital health, virtual wards
have somewhat undergone an overhaul and are now able to
provideclinical teamswith rea -time datato better manage their
patients. Clinicians now have greater visibility over their patients
and improved communication pathways with other health care
professionals, al of which have been shown to improve the
efficacy of virtual wards within mHealth solutions and, thus,
enhance health care in general [16].

Study Aims

The aim of this study was to evaluate the operational and
consequent economic benefits of app-based RPM as a
supplement to the existing tel ephone-based virtual wardsin the
context of the COVID-19 pandemic.

Methods

AnNHSdistrict hospital, in partnership with NHS-X and Huma
Therapeutics, utilized its existing respiratory virtual ward as a
temporary COVID-19 virtual ward. This virtua ward was
initially designed to support inpatients who were experiencing
exacerbated common respiratory conditionsand met the criteria
for early discharge. In the wake of COVID-19, this ward was
used to monitor medium-risk patients (as per the NHS
COVID-19 guidelines) who were ready to be discharged from
the hospital. These patients needed to be monitored for 14 days
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to ensure no deterioration occurred but were deemed clinically
safeto be discharged. Patients had the option of being monitored
solely via telephone calls (cohort 1) or via a combination of
mobile app and telephone calls (cohort 2).

Patients in cohort 1 followed a structured telephone call plan
and would be followed-up at regular intervals via phone calls.
Typically, a member of the respiratory team (ie, consultant,
physiotherapist, or physiologist) would call patients in cohort
londaysl,2,3,4,5,7,9 11, and 14. Patientswere discharged
after 14 days, if deemed clinically safe to do so. Phone calls
were made to assess the patients' symptoms and functionality
in relation to daily activities and, if possible, record any vital
signs the patient may have taken.

Patients in cohort 2 were virtually onboarded to the Huma
Therapeutics app. They were instructed via the app (Figure 1)
to submit the following dataon adaily basis: heart rate (obtained
via photoplethysmography technology embedded in the app);
oxygen saturation (obtained via a pulse oximeter wirelessly
connected to the app or by manua entry); body temperature
(obtained via a digital thermometer connected to the app or by
manual entry); any symptoms (Textbox 1) experienced; and
breathl essness measured using a single-question questionnaire
(“How breathless are you when walking around or walking
upstairs?’) created by the clinicians involved in the project,
which was scored on a scale of 1-5, with 1 being the least and
5 being the worst). This data was manually transcribed to a
variety of electronic health records by populating a premade
template. Based on the data submitted, amember of theclinical
team would decide on whether aphone call wasrequired or not.
As per cohort 1, patients were monitored for 14 days, after
which, if clinicaly safe, they were discharged.

The aim of this study was to investigate the operational and
economic impact of an app-based RPM tool on clinician
workload in a telephone-based virtual ward, in the context of
managing patientswith COVID-19. This prospective feasibility
study was carried out over a 1-month period, during which
clinician workload (ie, number and length of phone calls) was
monitored and full-time equivalent (FTE) savings were equated.
Clinical outcomes were defined as mortality and readmissions,
simply as a basis to confirm noninferiority. Moreover, some
informal qualitative information from clinician end-users was
collected based on phone call quality and end-user feedback via
unstructured telephone interviews.
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Figure 1. Screenshots of the mobile app (Huma Therapeutics) used by the study patients.
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Textbox 1. A list of symptoms available on the app for patients to choose from and submit to their care team.

List of symptoms:

. Fever

«  Cough

o Shortness of breath
e« Nausea

o Lossof taste

e Lossof smell

«  Vomiting

«  Chest pain/tightness
o Headache

o  Heart papitations
o  Dizziness

«  Lossof consciousness

Results

Over a1-month period, atotal of 56 patientswere enrolled into
cohort 2 (app + telephone). These patients had a clinical or
laboratory diagnosis of COVID-19. Of the 56 patients, 31 (55%)
were male and 25 (45%) were female. The mean age of the
study participants was 64 years (age range 21-79 years). Of
these 56 patients, 40 (71%) patients used an iPhone, and the
remainder 16 (29%) used an Android device. Clinica staff were
hired for 12 hours a day and the service was available 7 days a
week. We do not have the data on the number of patients
enrolled into cohort 1 at thistime.

Over the course of the monitoring period, wefound that patients
in cohort 2 (app + telephone) received significantly fewer phone
calls(mean 4, SD 0.701) than thosein cohort 1 (telephone only;
mean 9, SD 1.13). In addition, the mean phone call time for

http://formative.,jmir.org/2021/1/e23190/
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patients in cohort 1 was 8.5 minutes, which was similar to the
mean phone call time in cohort 2 (data not available).

Thetotal time spent on phone callsfor all 56 patientsin cohort
2was 31.73 hours. Based on the mean phone call time, thetotal
time spent on phone calls for 56 patients in the cohort 1 model
would be 79.33 hours. This equates to a 60% (47.60 hours)
reduction from cohort 1 to cohort 2 (Figure 2). During this
period, 7 clinicians monitored the 56 cohort patients. In terms
of health economics, we observed a reduction of 3.30 FTE (ie,
the number of clinicians reviewing these 56 patients). Each
clinician spent an average of 10.9 minutes aday reviewing data
of patientsin cohort 2, resulting in atotal time of 38.68 hours
spent on the clinician dashboard. The FTE adjusted for time
spent reviewing datawas 1.1 per 100 patients; that is, for every
100 patients monitored in cohort 2, 1 less clinical personnel
was needed compared to cohort 1.

JMIR Form Res 2021 | val. 5 | iss. 1 |e23190 | p.93
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Shah et a

Figure 2. Differencein time spent remotely monitoring 56 patients between the 2 cohorts.

App + Telephone Cohort

80

0

fours

Phonecall Time

Clinically, among the 56 patients reviewed, there were no
mortalities and readmissions 14 days after discharge, indicating
noninferiority of the model. It is worth noting that, due to the
small patient sample size, the lack of observed mortalities and
readmissions may not indicate a genuine impact of remote
monitoring on these particular outcome metrics.

Informal qualitative feedback from clinicians held the solution
in high regard. Qualitative data indicated that the app was
emotionally well received by patients (“It’s like an extension
of the human touch.”) and that the particular solution adopted
was easy to use (“The Medopad patients have been much
quicker and easier to deal with than non-Medopad virtual ward
patients.”)

Discussion

Summary

This prospective feasibility study highlightstheimpact adigital
health solution can add to existing care services. In areaswhere
large volumes of patients need to be monitored, an app-based
tool can considerably reduce the time needed by the clinical
team to manage the said cohort. Our small-scale, pilot study
shows that the introduction of an app to supplement existing
care pathways reduces the amount of time a clinician ends up
spending to manage patients. Extrapolated economically, for
every 100 patients enrolled into the virtual ward, you would
need one less member of the clinical team to manage the group
compared with the traditional phone call-only management
style.

The COVID-19 pandemic has brought to light significant
challenges concerning theinfrastructure of health care provision,
especiadly in acute, high-demand settings. Technology has
advanced exponentially over the last few decades; however,
digital solutions for monitoring health are still in their infancy.
Digital, app-based solutions have historically shown large

http://formative.,jmir.org/2021/1/e23190/

Telephone Only Cohort

App Time Total Time

Time Spent

economic benefits with the additional potential for large-scale
clinical benefit. They allow for greater reallocation of resources
intermsof clinical personnel work distribution, allowing health
professionals to better manage their already overburdened
schedules.

Strengthsand Limitations

Although this study was based on a small sample, the results
clearly show the need for more robust and greater powered
studies. This study depicts an improvement in service delivery;
therefore, larger, more generalizable studies could not only
compound these findings but also help demonstrate this positive
effect in different care environments. If the study findings are
generalizable, it may be concluded that an mHealth pathway
could reduce the number of doctors needed to monitor these
patients, if faced with a second wave or a similar pandemic.
These studies need to accurately compare the time spent utilizing
digital solutions with that spent monitoring patients by using
in-person pathways, to ascertain atrue economic representation
of the change in the pathway. In addition, more formal,
qualitative feedback needs to be obtained, not only from
clinicians but also from patients, to review the psychological
impacts of such digital health solutions. Further parallel studies
should berunto accurately gauge clinical outcomes of mHealth
sol utions compared to traditiona methods of patient monitoring.

Comparison With the Existing Literature

The existing literature clearly demonstrates the vast benefits
across clinical and operational outcomes. However, majority
of these studies are pilot studies and there are yet to be large
landmark studies confirming the efficacy of digital solutionsin
the management of patients. In regard to the UK, the NHS
clearly explains the need for an increase in digital services;
however, evidence of this occurring, or even working, is
nonexistent. COVID-19 has prompted fast deployment of
mHealth solutions; over time, this evidence will start to come
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to fruition. This study highlights the value of digital tools in
novel disease states with clear potential advantages if applied
to different care pathways.

Implications for Research or Practice

The findings of this study highlight the benefits of mHealth
solutions and allow health care providers to introduce similar
solutions to help manage future waves of COVID-19 and other

Shah et a

and implement these time- and cost-saving services into the
everyday infrastructure. Thiswould not only mean servicesare
better prepared for future waves or pandemics but can also
improve the operation of their day-to-day patient loads. As
demand for health care continues to rise, any tool that can help
reduce clinical team workload and allow for more patients to
be seen with the same number of staff would be regarded as an
invaluable tool.

pandemics. Clinical teams should heed the benefits displayed
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Abstract

Background: Thereisagrowing need for cost-efficient and patient-centered approaches to support families in hospital- and
community-based neurodevelopmental services. For such purposes, electronic data collection (EDC) may hold advantages over
paper-based data collection. Such EDC approaches enable automated data collection for scoring and interpretation, saving time
for clinicians and services and promoting more efficient service delivery.

Objective: Thispilot study evaluated the efficacy of EDC for the Child Development Unit, a hospital-based diagnosti c assessment
clinicinthe Sydney Children’s Hospital Network. Caregiver response rates and preference for EDC or paper-based methodswere
evaluated as well as the moderating role of demographic characteristics such as age, level of education, and ethnic background.

Methods: Families were sent either a paper-based questionnaire via post or an electronic mail link for completion before
attending their first on-site clinic appointment for assessment. A total of 62 families were provided a paper version of the
guestionnaire, while 184 families were provided the online version of the same questionnaire.

Results: Completion rates of the questionnaire before the first appointment were significantly higher for EDC (164/184, 89.1%)
in comparison to paper-based methods (24/62, 39%; P<.001). Within the EDC group, a vast majority of respondents indicated a
preference for completing the questionnaire online (151/173, 87.3%), compared to paper completion (22/173, 12.7%; P<.001).
Of the caregiver demographic characteristics, only the respondent’s level of education was associated with modality preference,
such that those with a higher level of education reported a greater preference for EDC (P=.04).

Conclusions: These results show that EDC isfeasiblein hospital-based clinics and has the potential to offer substantial benefits
in terms of centralized data collation, time and cost savings, efficiency of service, and resource allocation. The results of this
study therefore support the continued use of electronic methods to improve family-centered carein clinical practices.

(JMIR Form Res 2021;5(1):€18214) doi:10.2196/18214
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Introduction

Electronic data collection (EDC) has been at the center of debate
about the future of 21st century heath care [1-3]. Such
approaches have the potential to save billions in health care
costs through improved data capture and clinical service
responses that allow for more efficient patient-centered care
[4-7]. There has, however, been a slow uptake of EDC
approaches in clinical services globally, and limited evidence
of successful technology integration in public hospital settings
[5,8-10]. For instance, in most hospital-based clinics across
Ausdtralia, data collection is largely paper based. Electronic
medical records are being introduced in hospitals; however, this
process has been slow and data entry into electronic medical
records remains less than systematic [11]. Asaresult, arecent
inquiry report by the Australian Government Productivity
Commission suggested that Australia was falling behind in
utilizing health care datafor datalinkage between health services
for research purposes[12].

Degspite these issues, EDC offers many benefits, warranting its
evaluation in public health service settings. EDC provides the
opportunity to engage families in more efficient services. For
instance, patients can conveniently accessformsand staff require
less time to monitor, analyze, and interpret the gathered data,
allowing for swift provision of feedback to patients and families
[13,14]. In addition to thisincreased efficiency, EDC has been
shown to result in fewer human errors in data processing and
enables collection of datafrom abroader geography, increasing
completeness of data collation and freeing clinical service
resources for other needs, ultimately improving service
outcomes [15,16]. The collection and integration of large
amounts of data may then be better used to support clinical and
research services that operate across rural and remote settings,
where on-site attendance can be difficult [15-17].

One public health setting that could benefit considerably from
EDC is child diagnostic and assessment services, specifically
those clinics that assess children with neurodevelopmental
concerns. These neurodevelopmental clinics aim to provide
assessments at the earliest possibletimein achild’s devel opment
to increase the opportunity for earlier assessment, diagnosis,
and intervention [18-20], with growing evidence that early
intervention is associated with better long-term outcomes for
the child and family [21,22]. Currently, however, public services
are inundated with assessment requests, long wait lists, and
limited resourcesto complete thesetasks. These clinicstypically
do not use EDC, relying instead on pencil and paper for the vast
majority of assessments. These public neurodevel opmental
clinics are also more likely to provide services to a higher
proportion of children and caregivers from disadvantaged
backgrounds, those of lower socioeconomic status, and ahigher
proportion of linguistically diverse and indigenous communities
in comparison to private clinical practices. It is, therefore,
important to evaluate the utility of EDC in services that attend
to these diverse patient populations.

http://formative.,jmir.org/2021/1/e18214/

Prior research has shown that demographic factors, such asage,
socioeconomic status, level of education, language, and ethnicity
may influence the completion of online data collection [23].
For example, socioeconomic deprivation (measured by the
Scottish Index of Multiple Deprivation) and age (>70 years)
have been associated with poorer completion of EDC in an
orthopedic clinic in Scotland. Socioeconomic deprivation and
age were both independently associated with lack of internet
access [24], which may have contributed to the study findings.
Similarly, a study of orthopedic surgery patients in California
found that patients who were older (>75 years), of Hispanic or
Black ethnicity, and had Medicare or Medicaid insurance were
less likely to complete EDC patient-reported outcome surveys
[25]. The authors argued that internet useisless prevalent among
older patients, who formed much of the Medicare group.
Additionally, Medicaid insurance includes low-income and
vulnerable families who may not have had internet access to
complete EDC surveys[25].

This study aimed to evaluate an initial pilot for EDC in one of
Audtralia’s busiest child diagnostic and assessment services,
the Child Development Unit (CDU) at The Children’s Hospital
Westmead, part of the publicly funded Sydney Children’s
Hospital Network, Australia. The CDU assesses approximately
600 children per year, referred by pediatricians, who present
with complex neurodevel opmenta problems. The CDU provides
multidisciplinary neurodevelopmental assessments to the state
of New South Wales, with somefamilies attending from regional
and rural areas, and ahigh proportion of familiesfrom culturally
and linguistically diverse backgrounds. Assessment in the CDU
beginswith gathering information on family and devel opmental
history, via a questionnaire completed by caregivers before
attending their first appointment. The CDU has traditionally
mailed a paper version of this questionnaireto families prior to
their appointment, with families asked to post the completed
guestionnaire back to the clinic ahead of their appointment so
that clinicians can be prepared for the on-site assessments.
Clinicians have noted, however, that response rates have been
consistently low, with less than 50% of families returning the
questionnaire. Such problems lead to delays in terms of
clinicians needing to complete and interpret the questionnaire
with the family during their appointment.

To the best of our knowledge, this is the first study to assess
EDC in a child development clinic. In this pilot study, we
digitized the CDU'’s caregiver questionnaire into a format that
families could access via email and complete electronically in
a secure, convenient, and efficient manner. We aimed to
examine whether this would improve response rates for the
guestionnaire when compared to the paper version. We also
investigated whether families preferred the el ectronic modality
over the paper version, and the demographic characteristics that
were associated with these preferences.
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Methods

Setting

A total of 246 families who had an appointment in 2018-2019
with the CDU for the initial developmental assessment of their
child were invited to participate in this study. Participants were
consecutively recruited into this research study using opt-out
informed consent methods. This study was approved by the
Sydney Children’'s Hospital Network Ethics Committee
(LNR/17/SCHN/293). The first 62 families entered into this
study were sent the paper questionnaire by post. Subsequently,
the service transitioned to EDC methods, and a further 184
families were sent the questionnaire via email. No family
declined to participate in this study.

Children are referred to the CDU for assessment of complex
neurodevelopmental difficulties, including possible autism
spectrum disorder, intellectual disabilities, global developmental
delay, or specific learning disorders. Prior to their appointment
at the CDU, families are expected to complete a 6-page
guestionnaire, covering demographic information, family
history, and child developmental history. The questionnaire has
a Flesch Reading Ease score of 76.7, indicating fairly easy
readability that should be understood by 12- to 15-year olds
[26]. These data enable the CDU to assemble a suitable team
and prepare the relevant assessment measures before the
appointment. Originaly completed by families on paper, we
digitized the questionnaire, creating a digital form on the
Research Enterprise Data CAPture (REDCap) platform.
REDCap is an electronic data capture tool endorsed by the
University of Sydney for the secure collection of all research

http://formative.,jmir.org/2021/1/e18214/
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data [27,28]. REDCap is designed to support data capture for
research studies and allows questionnaires to be emailed to
families ahead of their appointment. Families can click on the
link provided in the email invitation to open the questionnaire.
Data are automatically saved in REDCap asthey are entered in
theonlineform. Oncethefamily exitstheform, it isimmediately
available for clinicians to view.

Procedure

As per the existing CDU procedure, families were advised of
their scheduled appointment via phone. During this phone call,
they are informed that a questionnaire will be posted to them
and are instructed to complete it and post it back to the clinic.
A week before their appointment, families who have not
returned the questionnaire via post receive a reminder phone
cal to do so. Those families who have not returned the
guestionnaire by the time of their appointment are required to
complete it on the day of their appointment with a member of
the clinical team (social worker or clinical nurse consultant). In
this study, we implemented a pilot REDCap procedure for
completion of the questionnaire. Familieswere advised by phone
of their appointment confirmation and told to expect an email
inviting them to complete the questionnaire on the REDCap
platform. A week before their appointment, an email reminder
was sent automatically via REDCap to families who had not
completed the questionnaire. Families who had not completed
the questionnaire by the time of their appointment were required
to complete it on the day of their appointment with a member
of the clinical team (social worker or clinical nurse consultant).
The existing CDU procedure and pilot REDCap procedure are
outlined in Figure 1.
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Figurel. Flow chart of proceduresfor questionnaire completion modes and responseratesfor each mode. Numbersin parentheses describe the response

rate for each mode.

before appointment

Questionnaire returned
(N=29)

Questionnaire posted to
families
(N=62)

Reminder 1 week
before appointment
(phone call)

during appointment

Questionnaire completed
(N=33)

Questionnaire submitted
before appointment

(N=171)

Questionnaire emailed to
families
(N=184)

Reminder 1 week
before appointment

(email)

Statistical Analyses

Response rates were compared for questionnaires sent to
families via post (paper completion rates) and those sent to
families via email (EDC completion rates). Differences in
guestionnaire response rates for the postal (existing CDU
procedure) and EDC (pilot REDCap procedure) groups were
analyzed using chi-square tests.

Within the EDC group, we conducted additional chi-square
tests to assess questionnaire modality preference (online or
paper). To investigate the influence of demographic
characteristics (age, primary language spoken, and highest level
of education of caregiver completing questionnaire) on
guestionnaire modality preference in the EDC group,
independent samples t tests and chi-sgquare tests were used.

http://formative.,jmir.org/2021/1/e18214/
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™~

Questionnaire completed
during appointment
(N=13)

Additionally, given that the CDU servicesfamiliesfrom diverse
ethnic backgrounds, chi-square tests were used to assess
guestionnaire modality preferencein respondentswho requested
aninterpreter for the devel opmental assessment, and respondents
who identified as being Aborigina or Torres Strait Islander
(ATSI).

Results

Study Population

Data were collected from 246 families across 2018 and 2019.
Postal data were collected on 62 families seen in a 3-month
period between June and August 2018, and online data were
collected on 184 families seen between March and November
2019. Table 1 shows the distribution of responding across the
postal and EDC groups.

JMIR Form Res 2021 | vol. 5 | iss. 1 [€18214 | p.100
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Patel et &l

Table 1. Questionnaire response rates for the postal (N=62) and EDC (N=184) groups.

Questionnaire completion status Postal, n (%) EDC? n (%)
Completed before appointment 24 (38.7) 164 (89.1)
Partially completed before appointment 5(8.1) 7(3.8)
Completed during appointment 33(53.2) 10 (5.4)
Partially completed during appointment 0(0.0) 3(1.6)

3EDC: electronic data collection.

Differencesin Response Rates Between the Postal and
EDC Groups

Asshown in Table 1, there was a significantly higher response
ratein the EDC group (164/184, 89.1%) compared to the postal
group (24/62, 39%; )(23:78.8, P<.001). Therewas no variability
in the number of partially completed responses between the
EDC (10/184, 5.4%) and postal (5/62, 8%) groups (x%=0.2,
P=.17).

Modality Preference

As shown in Table 2, families in the EDC group reported a
significantly greater preference for completing and submitting
the questionnaire online (151/173, 87.3%) compared to via post

(22/173, 12.7%; x2,=96.2, P<.001). This preference did not
vary asafunction of when the questionnaire was completed (ie,

prior to or during appointment) or the amount of the
guestionnaire completed (ie, partial or full completion).

Table 2. Modality preference for questionnaire completion in the EDC? group.b

Questionnaire completion status

Paper preference, n (%)

Online preference, n (%)

Completed before appointment 21 (12.1)
Partially completed before appointment 0(0.0)
Completed during appointment 1(0.6)

143 (82.7)
1(0.6)
7 (4.0)

3EDC: electronic data collection.

bpreference data miss ng for 11/184 families (6% of online sample). Percentages reported on the 173 respondents with completed preference data.

Influence of Demographic Characteristicson
Questionnaire M odality Preference

Table 3 displays key demographic characteristicsfor individuals
who completed the questionnaire in the EDC group. Caregiver
ages ranged from 24 to 72 years (mean 37.41 [SD 7.05]) and
most respondents (145/173, 83.8%) reported English as the
main language spoken at home, either alone or in conjunction
with a second language. Education level of caregivers who
completed the questionnaires was stratified into nontertiary
education (high school/vocational/trade) or tertiary education
(undergraduate degree/postgraduate degree). In considering the
influence of these characteristics on modality preference, the
age of the person completing the questionnaire did not influence

http://formative.,jmir.org/2021/1/e18214/

preference for online compared to paper completion, t;5,=0.99,
P=.32, nor did the primary language spoken by the person
completing the questionnaire, x%,=2.9, P=.24. However, our
results revealed an association between education level and
questionnaire modality preference, x%=4.2, P=.04. Overall,
those individual swho had received tertiary education wereless
likely to report a preference for completing the questionnaire
on paper, relative to those individuals who had received
nontertiary education. Looking at the education levels of
individualswho reported a preference for compl eting the online
guestionnaires, the opposite pattern was observed, such that a
higher proportion of tertiary educated individuals reported a
preference for online completion, compared to nontertiary
educated individuals.
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Table 3. Demographic characteristics by questionnaire modality preference in the EDC? group.

Characteristic Paper preference Online preference P value?
Age (years), mean (SD) 36.02 (7.02) 37.62 (7.06) .32
Primary language spoken, n (%)° 24
English only 11 (6.4) 86 (49.7)
English and other language 5(2.9) 43 (24.9)
Other language only 6 (3.5) 20(11.6)
Highest level of education, n (%)% 04
Nontertiary 15(8.7) 66 (38.2)
Tertiary 7 (4.0) 81 (46.8)

3EDC: electronic data collection.

bp value for independent samples t test (age) and chi-square test of independence (primary language spoken and highest level of education) for any

group differences.

“Two respondents (2/173, 1.2%) did not provide information about primary language spoken at home.
drour respondents (4/173, 2.3%) did not provide information about highest level of education.

Table 4 shows questionnaire modality preferences (online or
paper) for caregivers who requested an interpreter for the
assessment (10/173, 5.8%), and caregivers of ATSI origin
(10/173, 5.8%). Within both subgroups of caregivers, therewas

no statistically significant difference in the number of families
preferring online or paper completion (P=.53 and .21,
respectively).

Table 4. Questionnaire modality preference for caregivers requesting an interpreter and ATSI caregivers in the EDC? group.b

Characteristic Paper preference, n (%) Online preference, n (%) P vaue
Families requesting interpreter 4(2.3) 6 (3.5) .53
ATSICorigin 3(17) 7 (4.0) 21

3EDC: electronic data collection.

bTen respondents (10/173, 5.8%) requested an interpreter for the assessment. A further 10 respondents (10/173, 5.8%) identified as being ATSI. There

was no overlap between these subgroups of respondents.
CATSI: Aboriginal or Torres Strait |slander.

Discussion

The results of this study show that EDC was associated with
significantly increased questionnaire completion rates (P<.001)
from caregivers prior to attending their first appointment.
Response rates from EDC were more than double the rate from
paper-based data collection methods. This overall superior
completion rate was shown across families of different ethnic
backgrounds and from caregiverswith different education levels.
Almost 90% (151/173, 87.3%) of caregivers who completed
EDC reported a continued preference for using EDC over
paper-based methods. This preference did not vary asafunction
of age, primary language spoken, or belonging to a minority
subgroup. Consistent with previous findings, however, ahigher
level of education (tertiary compared to nontertiary) appeared
to be associated with modality preference [23]. Of those
caregivers who indicated a preference for the paper version, a
greater proportion reported nontertiary education astheir highest
level. Overal, thispilot study supportsthe continued evaluation
of EDC to improve efficiency, cost, and clinical and research
servicesin public hospital—based child development clinicsand
supports its utility across diverse education levels and cultural
groups[29].

http://formative.,jmir.org/2021/1/e18214/

Our finding of reduced questionnaire completion rates when
paper-based data collection methods were used align with the
clinical experiences of the CDU team, with staff reporting a
long history of low response rates for the paper version of the
guestionnaire. This low response rate results in added clinical
burden, asclinicians are required to complete the questionnaire
with families at the time of their on-site appointment. Thisis
far fromideal, given thelogisticsinvolved in preparing for each
on-site assessment. For instance, the CDU carries out
approximately 15 comprehensive assessments per week,
spanning 1-3 full days. Assessmentsincludetests of intelligence,
developmental delay, language, neuropsychol ogical assessments,
comprehensive parent interviews, and medical examinations.
Assessments are complex, requiring specific rooms, materials,
and team members to be organized in advance. Without
receiving the completed questionnaire prior to a family’s
appointment, the team of multidisciplinary cliniciansare unable
to adequately prepare for the type of assessment required in
advance of the appointment. Our findingsindicate that response
rates are markedly improved when EDC isused, thereby giving
the clinical team time to adequately prepare for assessments
and optimizing time with families during assessments.
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The increased response rates for the online questionnaire may
be related to the increased preference seen for the electronic
mode of completion [30-32]. Of note, in this study, we found
that respondent age did not influence questionnaire preference
for EDC. Thisfindingisin contrast to previous studiesthat have
reported a link between respondent age, response rates, and
modality preferences [24,25,33]. Past studies have reported,
however, that older age (eg, >60 years) isassociated with greater
preference for paper-based methods [33]. Given our sample
principally comprised parents of young children, with a mean
age of 37 and only 1 respondent above the age of 60, future
studies may need to evaluate the utility of EDC in this service
where primary caregiversare older (eg, grandparents). Our study
also showed that the primary language spoken by the respondent
did not influence questionnaire modality preference. Families
who spoke a primary language other than English did not show
differential preferences. Moreover, for 2 minority subgroups,
namely, familieswho requested an interpreter for the assessment
and families of ATSI origin, we did not observe an increased
preference for paper-based methods compared to EDC. While
thesefindingsrequirereplicationin larger samples, they indicate
that EDC may be suitable for the diverse popul ations typically
serviced by developmental clinics such as the CDU. A more
detailed investigation of language and ethnicity, and how these
characteristics relate to socioeconomic status, may reveal
differences and warrants further investigation [25].

In the small group of respondents who indicated a preference
for the paper form, amajority (15/22, 68%) reported nontertiary
education astheir highest level. It has been shown that mothers
with ahigh-school certificate level education or lower wereless
likely to use the internet for health-related purposes than those
with atertiary education. This may al so be associated with lower
socioeconomic status, lower household income, and lack of
access to a computer or internet at home [34]. Education level
is aknown social determinant of health behavior and one that
is difficult to address [35,36]. Publicly funded educational
programs for vulnerable families may be a useful strategy to

Patel et &l

assist these families in better understanding their clinical care
and options. Moreover, from a practical perspective, an
understanding of the families likely to prefer paper forms will
allow services such as the CDU to refocus their resources, by
providing greater support at service entry to those familieswho
cannot access EDC methods or require assistance from a team
member. However, while we observed an association between
education level and preference for a paper form, it should be
noted that only asmall minority of respondents (22/173, 12.7%)
indicated preference for apaper version, highlighting the overall
acceptability of EDC in this group.

There are some limitations in this study, namely, the relatively
small sample size and uneven numbers in the postal and EDC
groups. As the study aimed to explore tolerability of EDC,
modality preference was only asked of online users.
Additionally, the digitized questionnaire was a relatively short
measure, taking approximately 15 minutesto complete. Results
may differ for larger batteries of questionnaires and this would
warrant further investigation in larger sample sizes. While we
did not include an economic analysis in this study for EDC
methods over paper-based approaches, thisis clearly an avenue
for future research. Such research would highlight the potential
economic value of investing in high-quality internet-based health
services for public settings. Moreover, future research would
benefit from examining the feasibility and efficacy of EDC for
clinician-collected data and evaluating staff satisfaction with
these EDC methods. Such work would demonstrate the
feasibility of extending EDC methods beyond patient-collected
datain clinical health services such asthe CDU.

Overall, this pilot study suggeststhat EDC isfeasible and well
accepted in a busy hospital-based clinic and has potential
benefitsfor patient care, clinical practice, and clinical research.
The increased response rates for online completion and the
increased preference for EDC as opposed to paper forms suggest
that EDC platforms may better suit the needs of families
accessing these services.
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Abstract

Background: Acute otitis media (AOM) is the most common pediatric bacterial ear infection. AOM presents challenges to
parentswho lack accurate information. Digital knowledge trandlation tools offer a promising approach to communicating complex
health information. We developed AOM knowledge translation tools for Canadian parents and augmented them for Pakistani
parent end users.

Objective: Thispilot study aimedto (1) develop AOM knowledgetranslation toolsfor Canadian parents, (2) adapt the knowledge
tranglation tools across cultural contexts, and (3) evaluate the usability of the adapted knowledge translation tools.

Methods: Parents' perceptions of the translated knowledge translation tools’ usability were explored using a mixed-methods
design. Werecruited parent participantsfrom ahospital in Pakistan to complete usability surveys (n=47) and focus group interviews
(n=21). Descriptive statistics and content analysis were used to analyze data.

Results: Usahility results showed the usefulness and effectiveness of both adapted knowledge trandl ation tools. Parents reported
preferring adigital media narrative format in their own language. Findings revealed that culturally adapted knowledge translation
tools are effective in transferring health information to parents.

Conclusions; Digital knowledge translation tools offer a promising approach to improving health literacy and communicating
complex health information to parents of children with AOM. Culturally adapting the tools generated important knowledge that
will contribute to knowledge transl ation advancements. Evaluation of thetool effectivenessisacritical next step to exploring the
impact of knowledge trandlation tools on child health outcomes.

(IMIR Form Res 2021;5(1):€13908) doi:10.2196/13908

KEYWORDS
acute otitis media; knowledge trand ation; pediatric; parent’s experiences; information needs; global health

children, it is often underrecognized and undertreated by
clinicians [1]. Previous research identified that families want
information about their child'sillness, expected treatments, and

Introduction

Acute otitis media (AOM) is the most common pediatric

bacterial infection, affecting up to 75% of children younger than
5 years [1,2]. AOM can cause pain in the ear, fever, and
temporary hearing loss and is a leading cause of health care
visits worldwide [2,3]. Despite the high incidence of AOM in

http://formative.,jmir.org/2021/1/e13908/

post—-emergency department [4] or clinic care. However, the
gap between evidenced-based research and end user knowledge
remains large. Knowledge trandlation (KT) is increasingly
recognized as a solution to bridge this gap.
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KT is an iterative process of synthesizing, disseminating, and
ethically applying knowledge toimprove health, health services,
and health care systems globally [5]. In child health settings,
emphasizing parents’ role as partners in health care decision
making reduces unnecessary health care use and ultimately
improves health outcomes|[5,6]. However, to be effective, parent
health education should be multimodal and employ flexible,
portable formats [7,8]. Incorporating illustrations and stories
can aso improve knowledge comprehension, retention,
confidence, and compliance with discharge instructions[7-10].
Research has shown that innovative media (eg, digital and
mobile technology, videos) are superior to traditional materials
(eg, information sheets, pamphlets) in transferring information
to consumers [8-14]. Previous research has illustrated the
effectiveness of such toolsin improving child health outcomes
[8,11,13,15,16]. However, the scale-up of thesedigital KT tools
for parents across different cultura contexts remains
underdeveloped [16-18].

Closing the gap between research and practice has been
consistently identified as a priority around the globe [19-21].
Degspitethisinterest in KT, the best available research evidence
is not consistently implemented in low- and middle-income
countries (LMICs). Thus, the gap between research and practice
are till increasingly wide in LMICs, where there are limited
and scarce resources [21-24].

Digital or eHealth interventions have been identified as useful
public health tools, particularly in underserved settings[25-29].
The availability and use of digital technologies, such asmobile
phones, are increasing rapidly in LMICs [26,27]. eHealth
interventions are useful in providing health information,
reminders, emergency response, and monitoring [30]. InLMICs,
digital interventions could reduce time, distance, and cost of
information delivery, overcoming issues of inadequate financing,
poor accessto information, and limited human resources|31,32].
A wealth of research evidence is available from high-income
countries on the effectiveness of digital health interventions.
However, much less attention has been paid to how to augment
these interventions to benefit LMICs.

Theaim of this pilot project wasto (1) develop digital KT tools
on AOM for Canadian parents, (2) trandate and augment the
KT tools in a different cultural context, and (3) evaluate the
usability of KT toolsin adifferent cultural context (ie, Pakistani
parents).

Methods

Overview

This study used a person-centered approach for the design and
development of digital arts-based KT tools, with mixed methods
for usability evaluation. We developed the digital arts-based
KT toolsin 5 stages (Figure 1).

In stage 1, we conducted a systematic review to determine the
information needs of parents whose children have AOM. The
findings reveal ed that parents’ knowledge of AOM is generally
limited. Further, parents were often poorly informed about
AOM, resulting in uncertainties regarding how to help their
children [33]. We conducted 16 individual qualitative interviews

http://formative.,jmir.org/2021/1/e13908/
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in stage 2 with parents who sought care for AOM in a hospital
emergency department to understand their information needs
and their experiences of having children with AOM [34].
Through thematic analysis, we found that AOM has considerable
negative outcomes for both children and families (eg, pain,
emotional strain for parents, etc) and that parents can benefit
from evidence-based resources to meet their information needs
[34].

The data generated from stages 1 and 2 were used to develop
digital KT toolsfor Canadian parents. In stage 3, we devel oped
KT tools (whiteboard video and infographic) for Canadian
parents. After sharing the stage 1 and 2 results with a creative
team (storywriter, graphic designer, and editor), we
collaboratively developed KT tool prototypes. This involved
creating acomposite narrative (acompilation of common themes
from the parental interviews), ensuring that the narrative
integrated the best available research, developing artwork to
complement the composite narrative, and creating a graphic
display of the narrative and artwork. We shared the prototypes
with clinicians and content experts to ensure the accuracy and
appropriate interpretation of the evidence.

To expand the use of evidence-based interventions across
cultural contexts, we augmented and trand ated the digital AOM
KT tools. In stage 4, we revised the tools to integrate relevant
cultural and health practices for Pakistani parent end users.
Specifically, we accommodated for language, literacy level,
educational background, and the availability of technology.
Research from many LMICs, including Pakistan, revealed that
weak pharmaceutical regulations have allowed peopleto access
antibiotics as over-the-counter drugs [35], which leads to
antibiotic resistance among children. Thus, cultural norms for
antibiotic prescriptions for AOM, hedth care professionas
roles in managing AOM, and parents' roles in making health
care decisionsfor their children wereincorporated. The evidence
on treatment for AOM remained the same; the only changes
were the names of drugs for symptomatic management and an
increased emphasisin the video and infographics on the proper
usage of antibioticsfor AOM. After the revision, aprofessional
tranglator translated the tools into Urdu, the national language
of Pakistan. Considering the average literacy level in Pakistan,
we used grade 5-evel Urdu to enable the majority of parents
to understand the information. The first author, who is fluent
in Urdu, rechecked the translated version to ensure its accuracy
and appropriateness. Multimedia Appendices 1 and 2 show the
English and trandated infographics, entitled “How to Help
When Your Child Getsan Ear Infection.” Thewhiteboard videos
are available on YouTube in both English and Urdu (specialy
commended in the I nstitute of Human Development, Child and
Youth Health Talks in 2018 and entitled “Mom! My ear hurts:
What to do when your child has ear pain”) [36,37].

Before we disseminated these tools in Pakistan, in stage 5 we
conducted a mixed-methods study (surveys and focus groups)
to determine their usability, usefulness, and cultura
appropriateness for Pakistani parents. The study received ethics
approval from the University of Alberta's Ethics Review Board.
We also sought administrative approval from the medical
director of the private hospital in Karachi, Pakistan, to recruit
participants from that organization. We complied with all
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national regulations and laws that apply to foreign researchers
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for data collection in Pakistan.

Figure 1. The 5-stage process of developing digital KT tools. AOM: acute otitis media; KT: knowledge translation.
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Usability Survey

To evaluate the usahility of digital KT tools (whiteboard video
and infographic), we used a 9-item 5-point Likert survey. The
key elements included were informed by a systematic search
of more than 180 usahility evaluations, such as usability,
aesthetics, language, level of engagement, quality of
information, length, preference of form over traditional
dissemination venues, and value added [38]. The survey was
translated into Urdu and then back translated into English to
verify its consistency and accuracy.

Between July 17 and August 4, 2017, we shared the augmented
and trand ated digital toolswith parents at alarge private hospital
in Karachi. Two local research assistants approached parents
waiting at pediatric clinics. The inclusion criteria for study
participation were (1) being aparent or guardian of achild aged
1to 16 years, with past experience taking care of a child with
AOM, (2) fluency in Urdu (speaking, hearing, reading, and
writing), and (3) agreement from parents to be contacted by a
research team for iPad usability testing. First, the research
assi stants explained the research purpose and process, and upon
participant agreement, they completed demographic information
forms. Next, an iPad was provided to participants to assess the
translated KT tools. Completion and submission of the survey
indicated parents’ consent. All of the participants viewed both
tools in the same order, and the research assistants gave the
paper-based usability survey forms to the parents. Parents also

http://formative.,jmir.org/2021/1/e13908/
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had an opportunity to provide free-text feedback on areas that
required revisions or more information. The research assistants
assisted parents who had difficulty understanding or filling out
the survey forms. We cleaned and managed the data according
toindustry standards and entered them into IBM SPSS Statistics
(version 23; IBM Corp) twice to ensure accuracy.

Quialitative Focus Groups

We conducted 3 focus group interviewswith parentsto augment
the survey findings with rich detail. Using purposive and
convenience sampling, we recruited different participants from
the same private hospital in which we previously administered
usability surveys due to time limitations and the unavailability
of previous survey participants. Theinclusion criteriafor study
participation were (1) being aparent or guardian of achild aged
1 to 16 years, with previous experience caring for a child with
AOM; (2) fluency in Urdu (speaking, hearing, reading, and
writing); and (3) being a parent of children aged 1 to 16 years,
being interested in participating in a focus group discussion,
and not necessarily having experience caring for a child with
AOM. After consenting to participate, the parents and guardians
completed demographic information forms. The first author
conducted 3 semistructured focus group interviews with 21
parents (5 to 9 parents per group). The interviews lasted from
45 minutesto 1 hour. At the beginning of each focus group, all
participantsviewed both tools. A semistructured interview guide
was used to explore the participants perceptions of the
translated KT tools (Multimedia Appendix 3). All the focus
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groups were conducted in Urdu, audiorecorded, transcribed
verbatim, and trandated into English by a professional trandator.
Data analysis via NVivo 11 (QSR International) used a
conventional content analysis technique [39]. The first author
read each transcript carefully and highlighted text including
participants’ perceptions of the KT tools. All authors enhanced
the analytic rigor by discussing the coding framework, analytic
procedures, preliminary findings, and interpretations.

Meherdli et &

Results

Usability Survey Findings

We invited a total of 65 parents to participate in the usability
survey, and 47 parents compl eted the survey forms. The majority
(45/47, 96%) were mothers; 2 (4%) fathers participated. The
ages ranged from 20 to 40 years (mean 30, SD 5.14 years).
Table 1 shows the demographic characteristics of the study
participants.

Table 1. Demographic characteristics of parents who participated in the usability testing survey and qualitative focus groups (N=68; 47 in usability

survey and 21 in focus groups).

Variable Participants, n (%)
Gender
Male 4(6)
Female 64 (94)
Parent’s age (years)
Younger than 20 1(2)
20-30 30 (44)
31-40 29 (43)
41-50 8(12)
Household income (RS)?
Less than 15,000 6(9)
15,000-30,000 16 (24)
31,000-60,000 20 (29)
61,000-1000,000 14 (21)
100,000 and above 5(7)
| do not want to share this information 7 (10)
Highest level of education
Some high school 12 (18)
Some postsecondary 7 (10)
Postsecondary certificate or diploma 34
Postsecondary degree 4 (6)
Graduate degree 35(51)
Other 7(10)
Total number of children in the house
1 15 (22)
2 23(34)
3 17 (25)
4 10 (15)
5 2(3)
6 1(1)

A currency exchange rate of RS 160.65=US $1 is applicable.

Overall, the majority of the participants (40/47, 85%) reported
that both of the KT tools were useful and effective in
communicating health information. All participants (n=47)
strongly agreed or agreed that the tool instructions were very

http://formative.,jmir.org/2021/1/e13908/
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simple and easy to use. The mgjority of the parents (43/47, 91%)
strongly agreed or agreed that these toolswould help them make
health care decisions for their children with AOM, and most
reported that they would use the tools in the future and
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recommend them to their family members or friends (Table 2).
The parents found these tools a great source of knowledge,
stating that the tools raised their awareness of AOM.

Meherdli et &

Additionally, participants reported that these tools would be
useful for emergency cases.

Table 2. Frequency of participant answers on usability testing questionnaire (n=47).

Strongly agree, n (%)

Agree, n (%) Not sure, n (%) Disagree, n (%)

Items

The tools provide useful information 16 (34)
The tools provide information relevant to me 18 (398)
The tools are simple to use 17 (36)
| can use the tools without written instructions or additional help 13 (28)
Tools lengths are appropriate 8(17)
Tools are aesthetically pleasing 17 (36)
These tools help me to make decisions about my child's health 18 (38)
| would use these tools in the future 16 (34)
| would recommend these tools to afriend 20 (42)

31 (66) 0(0) 0(0)
29 (62) 0(0) 0(0)
28 (60) 2(4) 0(0)
19 (40) 7(15) 8(17)
30 (64) 6 (13) 3(6)
27 (58) 3(6) 0(0)
28 (60) 1(2) 0(0)
29 (62) 2(4) 0(0)
24 (52) 3(6) 0(0)

Qualitative Focus Group Findings

A total of 21 parents participated in the focus group discussion.
Table 1 shows the demographic characteristics of the
participants. Weidentified 3 major codes: (1) parents preference
for KT tools (whiteboard video or infographics), (2) usability
and feasibility of trandated digital KT tools for parents, and
(3) dissemination strategies.

Parents Preference for KT Tools

Parents' reactions were generaly positive. All parents in the
focus groups preferred the whiteboard video to the infographic.
They all considered the video more effective, as it provided
details, including signs and symptoms and typical parental
reactions. The parents aso preferred the verbal information in
the video, which made it possible to understand both audibly
and visually. A few participants stated the infographic was
useful, specifically in cases of limited technology access. A
mother of a4-year-old child stated:

Many people don't have smartphones, so not
necessarily all of them can watch video. If such [a]
community istargeted,...it would be handier that they
read this pamphlet.

Usability and Feasibility of Translated Digital KT Tools
for Parents

All 21 focus group participants reported theinformation in both
tools would be useful to families with young children. The
majority agreed that the content was easy to understand. A
mother of a 3-year-old child stated:

Information given in thisvideo isin [a] very simple
and easy [format] and in our own language [so] that
everyone can comprehend it easily.

The participants aso acknowledged that using the
character-plot-narrative format humanizes health information,
evokes emotional responses, and creates connection to the
subject matter. A mother of 2 children younger than 6 years
remarked:

http://formative.,jmir.org/2021/1/e13908/

| really like the story format; it's really very

interesting to see the parents, child, and
doctor....Seems like | am seeing my personal
experience.

The participants al so discussed the importance of using digital
media to communicate health information to parents. As a
mother of 3 children younger than 8 years stated:

Such videoswill be helpful for the mother, as she will
be aware that these are theimmediate remedial steps
which she can take to help her child with ear pain.

Talking about Pakistani culture, one young mother said:

Thiskind of digital information is very beneficial for
the girls who married at [an] early age. They don’t
likethat their mother or mother-in-law teach[ es] them
about their children’s healthcare. They believe more
[in the] information available on social media or
other digital platforms.

The participants also liked that the video was translated into
Urdu and will be available on YouTube, making it more relevant
to their culture. A father of 3 children said:

The tools in our own language provide an accurate
account of what we feel as parents when our child
experience[s an] ear infection.
They agreed that it is important to have health information in
their local language.

Dissemination Strategies

The majority of parents preferred to have the KT tools
disseminated through the private health organization's
established social media platform, such as YouTube or
Facebook. One mother of 2 children younger than 6 years stated:

This private organization has a big name, and if you
just make a blog page or a video interactive page
where this video can be uploaded for easy access, a
pop-up message will attract the website user to watch
these videos as soon as anybody visits the website.
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Some participants suggested that it would be helpful to show
these kinds of videos in medical clinic waiting rooms to
effectively use parents' time. In addition, one femal e participant
suggested a more direct dissemination method:

[The] hospital administration can make a broadcast
list and send videos officially to parents. Hence, in
the presence of a broadcast list, you can easily direct
messagesto parents, and [their] phone number isnot
shared [with] other persons,. . . so, the privacy will
remain intact too.

Discussion

Principal Findings

Our findings demonstrate that culturally adapted trandated KT
tools permit parents’ receptivity to information, reassure them,
and foster confidence. The parents found the tools usable and
appreciated receiving digital health information in a narrative
formin their own language. They considered thesetoolsagreat
source of knowledge that raised their awareness on AOM. We
found that the culturally adapted digital KT toolswe devel oped
have the potential to increase participant engagement and help
parents in health decision making.

There is little evidence on how to best scale up digital KT
interventions developed in Western countries to reduce child
morbidity and mortality in LMICs. This study was an effort to
address this gap. The usability evaluation revealed that
modifying KT tools to fit a different language, culture, and
lifestyle would potentially increase the evidence-based
information to reach a greater number of parents.

Although culturally adapted digital KT interventions show great
promiseinimproving child health outcomes, these interventions
are rarely implemented. The assumption is that effective KT
interventionsin the specific context of aWestern industrialized
setting will not necessarily work in LMICs [40]. The World
Bank argues that the scaling up of KT interventions should be
“driven by a universalist process of simplifying rules and
proceduresfor use by many peopleon alarger scale” [41]. With
thisin mind, we ensured that peoplewith low literacy can easily
understand the KT tool s that we devel oped, and because digital
and web-based technology is growing quickly in Pakistan, the
scale-up process was straightforward [41].

Digital media can also facilitate the dissemination of
evidence-based health care information without requiring
significant amounts of health and human resources. Many
LMICsaregrappling with acrisisin human resourcesfor health
care caused by factors such as underinvestment in health and
the brain drain of health professionals [42]. Coupled with the
increased burden of disease and lack of affordable health care,
the human resource crisismeansthat it isnot practical to deliver
services only through physical interactions. Hence, a growing
number of practitioners are leveraging advances in
communications technology to strengthen health care systems
in Pakistan. The findings reveal that digital KT interventions
have the potential to improve patient knowledge and are the
preferred method to receive health information.
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Study Limitations

To the best of our knowledge, thisis the first study conducted
inan LMIC to evaluate the usahility of culturally adapted digital
KT tools. The findings of the study cannot be generalized to a
broader population or other languages and cultures. Further, we
recruited the samplefrom only onesite, alarge private hospital,
so our sample potentially reflects parentswho are educated and
familiar with digital technology.

Study Implications

Global Health 2035 made a powerful case for increasing
investments in the development of new KT health tools and
scaling up new and existing tools. This study providesvaluable
insights into scaling up digital KT tools for a different culture
than they were originally intended for. Scaling up digital KT
tools for use in different cultures can change the trajectory of
child health globally. However, very little funding is available
to many LMICsto conduct this type of research. In the United
States, the National Institutes of Health and the Bill & Melinda
Gates Foundation reported that 97% of research funding is
directed to the development of new health technologies and
only 3% to research into implementation [43]. Commenting on
what they called the “3/97 gap,” the authors estimated that
research into the devel opment of new technol ogies could prevent
about 22% of child deaths by scaling up the existing tools [44].
However, scaling up digital KT interventions and tools is not
easy. Barriers include language and trandlation, literacy and
education, culture, trust in Western interventions, cost of health
care, public and private systems of care, use of unregulated
private providers, unequal access to services, availability of
digital technologies, and decision-making processes within
families. Addressing these barriers and improving access to
knowledge will improve the health outcomes. Our research
team’s next step isto augment other digital KT tools to address
common acute conditionsin LMICs; develop guidelinesfor the
adaptation of KT tools for different cultures, countries, and
contexts; and eval uate the effectiveness of these digital toolsin
improving the health outcomes of childrenin LMICs.

Conclusion

The process of scaling up digital KT tools discussed in this
paper generated important new knowledge that contributes to
the science of KT. On aglobal scale, several ongoing initiatives
support scaling up successful digital health interventions.
However, cultural adaptation in KT strategies and tools is
critically important for the successful scale-up of digital health
solutions. These novel findings highlight the potential for digital
art-based KT tools, given their congruence with human
communication and learning approaches. Our findings suggest
that future research that involves digital art- and narrative-based
toolsfor KT is needed and worthwhile; in particular, assessing
these approacheswith different types of clinical conditions (eg,
acute vs chronic health conditions) and different types of parents
(eg, demographics, educational levels, ethnic backgrounds) will
be helpful. Future research to evaluate the acceptability of KT
toolsamong local health care professionalsand familiesaswell
as rigorous effectiveness evaluations of these tools are critical
next steps to measuring the impact of KT tools on child health
outcomes.
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Abstract

Background: An important aspect of patient-centered care involves ensuring that patient-directed resources are usable,
understandable, and responsive to patients’ needs. A user-centered design refersto an empathy-based framework and an iterative
design approach for developing a product or solution that is based on an in-depth understanding of users' needs, values, abilities,
and limitations.

Objective: Thisstudy presentsthe stepstaken to devel op aprototype for apatient resource for young women who have compl eted
treatment for gonadotoxic cancer to support their decision making about follow-up fertility care and family building.

Methods: User-centered design practices were used to develop Roadmap to Parenthood, adecision aid (DA) website for family
building after cancer. A multidisciplinary steering group was assembled and input was provided. Guidelines from the International
Patient DA Society and the Ottawa Decision Support Framework were used throughout the development process. In addition,
guidelines for developing health DAs with respect to patient diversity and health literacy were also followed.

Results: The Roadmap to Parenthood DA website prototype was systematically and iteratively developed. An extensive process
of designing and devel oping solutions from the perspective of the end user was followed. The steps taken included formative
work to identify user needs; determining goals, format, and delivery; design processes (eg, personas, storyboards, information
architecture, user journey mapping, and wireframing); and content development. Additional design considerations addressed the
unigue needs of this patient population, including the emotional experiences related to this topic and decision-making context
wherein decisions could be considered iteratively while involving a multistep process.

Conclusions: The design strategies presented in this study describe important steps in the early phases of developing a
user-centered resource, which will enhance the starting point for usability testing and further design modifications. Future research
will pilot test the DA and a planning tool, and evaluate improvement in the decisional conflict regarding family building after
cancer. Consistent with a patient-centered approach to health care, the strategies described here may be generalized and applied
to the development of other patient resources and clinical contexts to optimize usability, empathy, and user engagement.

(JMIR Form Res 2021;5(1):€20841) doi:10.2196/20841
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Introduction

Background

Patient-centered care iswell established as an important aspect
of health care quality. As put forth by the Institute of Medicine,
all care should respect and be responsive to patients
preferences, needs, and values [1]. Patients should have access
to education and support to act as informed decision makers
and participate in shared decision making with providers to
ensurethat their individual values are reflected in the treatment
plans[2]. Operationally, animportant aspect of patient-centered
care involves ensuring that patient-directed information,
education, and communication are usable, understandable, and
responsive to patients' needs. To support value-based decision
making, it is important to develop patient resources with the
target user group in mind.

This study focuses on oncofertility as an example of aclinical
context in which there is an unmet need for patient-centered
support. For young adult survivors of cancer (ie, aged 18-39
years), fertility isranked among the most important survivorship
issues [3,4]. Patient-centered resources are needed to inform
patients about infertility risks and family-building options,
support their decision making, guide their involvement in
seeking care, and prepare them for potential future challenges.
This paper describesthe first phase of the devel opment process
of a patient decision aid (DA) and planning tool for family
building after cancer.

Family Building After Cancer

Owing to gonadotoxic treatments, many women experience
reduced ovarian function or are unable to safely carry a
pregnancy to term after cancer. The prevalence of primary
ovarian insufficiency in female survivors of pediatric,
adolescent, and young adult cancers ranges from 2% to 82%,
based on patient factors, cancer diagnosis, and treatment
exposures [5]. Alternative family-building options include the
use of assisted reproductive technology, such as in vitro
fertilization (IVF) and surrogacy, or adoption or fostering. With
assi sted reproduction, options comprise the use of fresh, frozen,
or donated gametes to achieve pregnancy in the survivor or a
gestational carrier. Adoption may be domestic or international .
Each of these family-building options comes with a number of
physical, emotional, financial, legal, and logistical challenges
that need proper consideration; hence, decision making can be
complex. For many patients, there may be benefits of an early
action even if desired family building may be years away,
including undergoing a fertility evaluation posttreatment to
better understand their reproductive options and expected
reproductive timeline, undergoing egg/embryo freezing
posttreatment if they are at arisk for early menopause but not
yet ready to start their family, or financial planning.
Family-building decisions are based on values, and survivors
must weigh the pros and cons of their options regarding
risk-benefit tradeoffs. Given the emotional salience of
motherhood desires, many women report high levels of
uncertainty and distresswhen prompted to consider fertility and
family-building decisions after cancer [6].
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Decision Support

Young female survivors of cancer report unmet support needs
related to posttreatment fertility care in survivorship and want
to be provided informational resourcesto help them understand
their optionsfor pursuing future parenthood [7,8]. Patient DAs
are effective for improving tailored decision-making quality
such that the users are more likely to be informed, gain clarity
about how their values align with their decision options, and
take a more active role in decision making [9]. Advantages of
delivering patient DAs over the internet include an increasing
reach and potential effectiveness [10]. Multiple patient DAs
exist for young women diagnosed with cancer who are
considering fertility preservation before treatment [11,12].
Although these studies support the use of DAs for
fertility-related decisionsin the context of cancer care[11,12],
to our knowledge, there are no decision support resources that
address the posttreatment reproductive survivorship care and
family-building decisions that must be made after the completion
of treatment.

User-Centered Design

This study used user-centered design principles to develop a
patient resource that supports decision making about family
building after cancer treatment. A user-centered design is an
empathy-based framework and an iterative design approach for
developing a product or solution based on an in-depth
understanding of users' needs, values, abilities, and limitations.
Thisiterative processiseffective and essential becauseit places
end users at the center of every stage of development—in this
case young adult female survivors of cancer—to ensurethat the
end product reflects and addressestheir needs[13]. Conversely,
the failure to consider end users’ insights, feedback, and needs
resultsin products and solutions that are less likely to achieve
optimal adoption, retention, and advocacy [14]. Technology
acceptance models and theories on telemedicine adoption
highlight the importance of co-design with end usersto develop
productsthat are perceived as useful, easy to use, and responsive
to needs [15,16].

Study Objectives

To address a critical gap in young adult cancer survivorship
care, we set out to devel op aweb-based patient DA and planning
tool to support young women interested in family building after
cancer. This study presents the steps taken to develop the
prototype of the website, Roadmap to Parenthood, based on
user-centered design practices and guidelines for developing
DAs and health care resources for diverse patient groups and
health literacy levels. This work was guided by a theoretical
approach grounded in the self-regulation theory [17,18] and
further developed in our preliminary work, which is described
elsewhere [19,20]. In this paper, we review the initial design
steps and processto devel op a DA prototype before conducting
formal usability testing. These steps aim to optimize usability,
empathy, and user engagement to ensure universal applicability
across patient subgroups. Our intention in this paper is to
thoroughly describe the prototype design process, which allows
us to enter a formal usability testing phase that considers key
design issues and user feedback.
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Methods

Preliminary Studies

The study team led several oncofertility studies focusing on
young adult female cancer survivors experiences related to
fertility and family building posttreatment and identified unmet
decision-making needs and patient preferencesfor support. Our
national survey of posttreatment reproductive concerns and
decision making uncertainty identified the areas of decisional
conflict about family building after cancer (eg, lack of
information, clarification of values, and lack of emotional
support) [6]. Two additional qualitative studies explored
posttreatment fertility concerns [21] and family-building
experiences[22] and informed our understanding of user needs.
On the basis of this work, semistructured interviews (N=25)
were conducted with young adult female survivors of cancer
(aged 15-45 years) who received gonadotoxic treatment and
were either interested in future family building or uncertain
about their family-building plans[19]. Briefly, women reported
high rates of unmet information needs, including uncertainty
about reproductive survivorship care and whereto obtain trusted
information. They felt overwhelmed and distressed by the
prospect of pursuing family building and its expected, associated
challenges [19]. When asked about support preferences, they
indicated a desire for step-by-step instructions to learn about
their options and guide decision making and follow-up care
[20]. They also reported a preference for web-based resources
for self-education, which they envisioned would prepare them
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for and provide complementary support to in-person counseling
with aclinician [20]. Notably, although the definition of young
adult per the National Cancer Institute (NCI) is defined as an
individual aged between 18 and 39 years, our work included
women aged 15 to 45 years, as fertility and family-building
concerns are highly relevant at somewhat younger and older
ages[23,24].

Study Design

The Roadmap to Parenthood DA and planning tool (website)
was devel oped by following the stepsdepicted in Figure 1. The
website was designed and tailored considering the shared
experiences, emotions, and support needs of young adult female
survivors of cancer identified in our previous work. All
procedures followed user-centered design methods such that
users’ needs, contexts, and points of view were key driversin
the iterative design decisions throughout product devel opment
[15]. For this stage of the development process, decisions were
made with input from patient research partners representing the
target user population with the goal of optimizing the prototype
design to best prepare for usability testing (which is currently
underway). The development process followed the guidelines
set forth by Coulter et a [25] and was consistent with the
International Patient Decision Aid Society (IPDAS) and the
Ottawa Decision Support Framework guidelinesfor patient DAs
[25-28]. For the purposes of building awebsite, guidelinesfrom
the Department of Health and Human Services were followed
for best practices of a user-centered web design and digital
communication [29].
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Figurel. Stepstaken to develop apatient decision aid and planning tool prototype using user-centered design strategies. Adapted from the user-centered

design process map from the National Institutes of Health.
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Exploratory Work

The research team reviewed and discussed oncofertility patient
DAs, web-based oncofertility open access resources, and
websites targeting young women such as those focused on
women'’s health and fertility to explore ideas about structure,
tonality, and appealing visual identity and design aesthetic for
thisdemographic (MultimediaAppendix 1). The research team
then compl eted a discovery wor ksheet to ensure alignment with
theweb devel oper regarding the goals of the project (Multimedia
Appendix 2).

Responsive Design Format

We selected adigital format to optimize user access, flexibility,
and convenience, aligned with the stated preference of the target
user group [20]. Internet useis nearly ubiquitousin the United
States among young adults (eg, 97%-100%) with 77% of adults
aged 18 to 29 years having home broadband service and 96%
owning asmartphone [30-32]. A responsive design website was
developed for the decision tool. This choice was made given
the flexibility of adapting the layout and content across digital
devices and the relative ease and low cost of website updates.
A responsive design also provides a consistent user experience
regardless of the operating system or device—desktop
computer/laptop, tablet, or mobile phone.

http://formative.,jmir.org/2021/1/e20841/
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Steering Group

A multidisciplinary steering group was assembled, which
included clinicians and researcherswith expertisein oncofertility
and developing patient DAs (ie, oncologists, reproductive
endocrinologists, psychologists, and nurses), a digital health
communication researcher, an expert in user-centered design
and usability testing, and a web developer. The team aso
included 4 patient research partners, who were asked for advice,
provided feedback, and reviewed design decisions and content
throughout the ideation phases and the entire development
process.

Results

Thefollowing stepswere taken to devel op the prototype website
of Roadmap to Parenthood. The tool was designed to be used
by young adult female survivors of cancer who completed
gonadotoxic treatment and were interested in future family
building or were uncertain of their family-building plans. The
primary purpose of the tool was to educate users about options
to achieve parenthood after cancer (ie, natural conception, IVF
or surrogacy with fresh/frozen/donated gametes, and adoption
or fostering) and to guide value-based decision making and
preparatory action toward family-building goals.
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Identifying User Needs

The first phase of user-centered design processes involves
exploratory work to fully understand and define the problem,
comprising literature reviews, end-user interviewsand surveys,
and team brainstorming [13]. We did much of this work
previously, and user needs are described under preliminary
studies. We also conducted a scoping review of the literature
[11,12] and discussed our understanding of user needswith our
patient research partners. Common themes (eg, lack of
information, uncertainty about reproductive survivorship care
options, and a lack of awareness about high costs and legal
complications) were reviewed by the research team, which led
to brainstorming about how a web-based decision support and
planning tool could address user needs (described in the
following sections).

Determination of Goals, Format, and Delivery

From the start, the overall objective of the sitewasto help users
become informed, clarify values and priorities with respect to
family-building goals, and consider options for actionable
preparatory behaviors (eg, pursuing a fertility evaluation or
accessing social support). Family-building decision options
included the possibility of natural conception and alternative
options, that is, IVF, surrogacy, and adoption with subsidiary
options (ie, use of fresh, frozen, or donor gametes and domestic
or international adoption or fostering). Notably, personalized
information about infertility risk and likelihood of successwith
family-building options could not be provided. Instead, the tool
was built to increase awareness of the potentia for challenges
and benefits of early action and to prompt decisions about
pursuing next steps aligned with parenthood goals. At the same
time, we aimed to create awebsite that would feel empowering
and would be usable, engaging, and effective. The tool was
designed to be used independently by young adult femae
survivors of cancer and delivered via internet access using a
responsive design format.

Design Process

We designed the DA website using an agile development
process, which provided a nimble system for ongoing revision
and iterative design decision making based on team review and
input from the web developer, usability experts, and patient
research partners. Modified beginning stage design sprints (ie,
arapid cycle user-centered prototype development and testing
process[33]) were undertaken to generate and test ideas, obtain
feedback, and iterate features of the prototype. Patient research
partnerswere asked viaemail and phone/video communication
for feedback and recommendations.

| deation Phase

Ultimately, we wanted the website to be empowering for young
women by supporting their family-building decision-making
processes. A period of research and brainstorming was
undertaken by the team with input from the web devel oper and
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patient research partners. We reviewed 9 publications reporting
on 7 oncofertility patient DAs and were able to access 5 of the
DAsavailable ontheweb (MultimediaAppendix 1). We looked
for IPDAS DA components and descriptions of development
processes. We discussed aspects we believed were useful,
appealing, and should be considered for our own design and,
conversely, aspects that we felt could be improved upon. For
example, very dense text and long paragraphs prompted
discussions about layout and content organization. It was aso
our aim to create awebsite that would feel approachable while
conveying trustworthiness and reliability (ie, the personality of
thewebsite). A review of web-based oncofertility resourcesand
women-targeted websites (Multimedia Appendix 1) focused on
the esthetic appeal of designs and tonality. The websites rated
most positively were those that felt clean and easy to use, with
clear text and appealing use of graphics and white space. Fewer
favorably reviewed websites included elements that felt
stereotypically feminine (eg, too pink), content that felt crowded,
or pages that had distracting visual designs such as overlaying
text on busy backgrounds. Patient research partners were asked
for feedback about the likes and dislikes and ideas for an
appealing look and feel of DA and website esthetics. Tonality
across DAs and websites ranged from professional and more
business-like to friendly and more conversational. We aimed
to strike a balance between friendly and approachable, yet
informative and trustworthy.

We completed the discovery worksheet to facilitate
communication and a shared understanding among team
members about the overall objective for the site and initial
stylistic ideas (Multimedia Appendix 2). For example, the 4
stylistic descriptors of the ideal website were empowering,
informative, friendly, and clean. The web developer used the
worksheet and descriptions of our likes/dislikes of the
DA/website examples to understand the overall objective for
the website and design, combined with user personas that
provided further guidance.

Personas and Storyboards

Onthe basis of our background work [19-22], literature review
[34], and clinical experience (Figure 2), 6 personaswere created
representing user types. The personas varied to represent
different patient situations based on sociodemographic
characteristics, cancer, and reproductive health factors. These
factors were used to construct an overall picture of user
archetypesand thekinds of questions, concerns, intentions, and
goalsthey would haveto interact with the website. Each persona
was given aname, sociodemographic descriptors, acancer story,
socia context, and description of values, priorities, and goals
related to family building. Personas depicted the types of users
for which the website was being designed and the scope of user
intentions and needs. Decisions about design, features, and
navigation were made to meet the needs of all user personas,
in combination with the discovery worksheet.
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Figure 2. Personas depicting “user types’ for the decision aid and planning tool website. Shortened versions of personas are depicted. IVF: in vitro

fertilization.

Becky Alison

+ 21-year-old college student; single

+ Lack of awareness about treatment-
related infertility risks have led her to
assume, perhaps incorrectly, that she
has a normative reproductive
timeframe; she may be at-risk of
missing her window of opportunity to
consider options...

Jessica

Marie

= 30-year-old professional; partnered

* She is unable to carry a pregnancy
due to abdominal radiation and is
hoping to pursue surregacy, but is
overwhelmed by the process and
worried about the cost

* Due to financial concerns, she and her
partner are also considering adoption

Storyboarding was used in conjunction with persona mapping
to envision the end-to-end user experience of someone engaging
with the site over time. This process mapped how the website
wouldfitinto auser’slifeaswell asin what context they would
be seeking out and engaging with the site for the first time and
in subsequent viewings. We based our storyboards on the lives
of actua patients depicted through the personas, imagining their
life experiences leading up to and after viewing the website.
For example, ayoung woman in her early 20s, not yet ready to
have children but aware that she may be at risk for fertility
problemsin thefuture, may approach the website with curiosity
to learn about her optionsand recommendationsfor reproductive
health as a survivor of cancer. Alternatively, an older woman
in her late 30s, who is ready to have a child and fearful that
known fertility problems will prevent her from becoming a
mother, may approach the site with greater anxiety and fear,
concern about reproductive time pressure, and looking for
guidance for immediate action and resources.

User Journey Mapping

User journey mapping involved envisioning the different ways
in which users might navigate through our website. During the
user journey mapping, it isimportant to consider what the user
will be thinking, feeling, and doing as they engage with the
website. The personas we created guided our vision for user
journey options. For example, given our conceptualization of
users having different levels of knowledge and decision-making
readiness at the outset, we debated various options for
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= 25-year-old college student; partnered

+= She feels too young to have chidren
now, but also feels anxious about her
fertility; she fries to aveoid fertility
thoughts to reduce disfress and has
not had her ferfility evaluated due fo
fear of receiving bad news...

= 38-year-old, unemployed; married

= 3She is stil recovering emotionally from
her cancer experience, yet is also
worried about her age and declining
fertility; believes she may be ok with
adoption if pregnancy is not possible
but feels uncertain...

Tania

+ 35-year-old professional; married

+ She froze one embryo prior to her
treatment and plans to pursue IVF
zoon, which her hopes and dreams for
motherhood focused on her one
"frozen baby,” and overestimates the
chance for success...

Justine

* 18-year-old college student; single

= Completed treatment as a young child
and is non-comphlant with survivorship
care; thus has not received fertility
counseling and assumes advances in
technology will solve any fertility
problems she may experience...

progressing through the website. The goal of user journey
mapping was to plan and optimize how users would move
through the website, identify gaps in the user experience, and
iteratively pivot to correct errors [35].

User Content Control

It was important to design the website giving users control over
their user journey with freedom to access web pages that best
matched their needs, as opposed to a more rigid user journey
with a single preconceived path through content (ie, similar to
paper-based resources in which thereis only one path to access
content by turning pages). Content control isintended to provide
users with control over the order, detail, and type of evidence
presented. Providing users greater content control isrelated to
improved quality of decision making [36]. Conversdly, tailoring
content via preset frameworks has been shown to reduce
decision-making quality, despite the intention that more
personalized information will be delivered to the user [36,37].
On the basis of this research and as depicted in the personas
and storyboarding, we sought to give users a greater control
over their user journey to explore content and review material
relevant to their situations and interests.

We imagined that some users would need to move linearly
through the DA components, starting with education about
fertility and cancer treatment effects and moving on to review
information about family-building options, whereas others may
be quite informed and ready for next steps (eg, questions to ask
your doctor) and still others may wish to avoid information that
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is irrelevant or even upsetting if particular family-building
options are no longer possible. We wanted to allow flexibility
to navigate through the website to best meet different users
needs and motivations. Oneideawasto prompt usersto answer
a set of questions on the homepage with a branching logic to
guide them to the best landing page, but thiswas discarded after
initial mockups because of its complexity. Ultimately, we
created an omnichannel user journey, or choose your own
adventure design, in which users had control over the user
journey and could easily see options for next step
recommendations and click on webpagesto access content that
matched their needs, preferences, and decision-making
readiness. The DA components were marked across the top
navigation bar. Many pages included links at the bottom that
suggested the next pages to visit but these could be ignored,
and the user had control over which pages they visited. This
was an iterative process designed to match users at different
stages of decision making. We identified gaps in our initial
design ideas and developed solutions to optimize the user
experience.

Benedict et al

Information Architecture

Following the development of user journeys, we moved into
the information architecture phase of the project (Figure 3).
This process involved leveraging the user flows to decide how
content should be organized, structured, and labeled across the
website pages. The main components of the information
architecture process included finalizing decisions about
categorizing and structuring information, labeling systems (ie,
how information is represented), navigation systems (ie, how
users would browse or move through information), and search
systems (ie, how users would look for and find information).
Various ways of organizing content and implications for the
user journey have been discussed and debated. For example,
multiple options were considered for how to best introduce and
categorize family-building options and how to organize decision
support content. As depicted in Figure 3, users had multiple
options to move on from the homepage. The next step options
were grouped together and introduced to users on asingle page
with links through which they could click for more content on
each topic. Decisions about the information architecture guided
content strategy and informed the design of the user interface,
which was later used in wireframing and prototyping.

Figure 3. Depiction of the information architecture of the decision aid website. IPDAS: International Patient Decision Aid Society.

Homepage
= Introduction to website and explanation of averall
goals forthe site, matching userneeds
= User joumey navigation options; i.e., providing
options for users to control what pages and

contentto access

L J L J

v v

Fertility & Cancer Family-building Options
+ Educational content on + Educational contenton
fertility and cancer family-building options
treatment effects

a

Peer stories depicting each

‘Not sure where to start? Stories
= Linkto “next step”options .
to consider family-building option

Information about. ..

Information about..

- Natural Conception

- IVF

- IVF with donor eggs

- Surrogacy

- Fertility preservation post-
treatment

Fertility and age-based
normative decline of
ovarian reserve

- Cancer-related effects
on fertility and ability to
carry a pregnancy

- Adoption and fostering

¥

‘My Personal Worksheet’
- Values-clarification exercise
- Decision-making readiness self-assessment
- Unmet decision support needs self-
assessment, with links to access information
and resources matching needs

h 4

v hd

Next Steps
Questions to ask a cancer provider
- Questions to ask a reproductive specialist
- Financial costinformation, including tips for
financial planning
- Guidance fortalking to a partner and
communication tips
- Finding Support

Additional Resources
- Links to patient organizations, professianal
support, and resources related to cancer and

family-building needs

Sketches and Wireframes

The next step in our website devel opment wasto create sketches
of our ideas and then wireframes. All appropriate web standards
were used to develop content for the site. Our overarching goal
with the content was to make it user-friendly and helpful to the
reader. We placed special emphasison using concrete examples
that would be highly relevant to the reader. Initial sketcheswere
made by the study team via pen and paper and dry-erase white
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boards, and ideas were discussed with the web developer.
Wireframes (ie, two-dimensiona models of the website
interface) focused on content presentation and space allocation,
functionalities of the site, and intended behaviors of the user
[38]. They were used to give the team a sense of how the site
would be organized and function once it was fully devel oped,
without focusing on styling, color, and graphics. These digital
wireframes alowed us to collect early feedback from
collaborators and patient research partners and led to multiple
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iterations of website wireframes. Patient research partnerswere
critical at this juncture to clearly understand the purpose of the
website, comment on avail able content, design esthetic upfront,
and appropriate navigation that would support their
decision-making needs. Once the basic wireframes were set,
more detailed illustrations were created using static images to
depict the look and feel of the site, such as color palettes, font
choices, and pictures. They discussed the emotional experiences
that users might have when approaching the website, based on
the stressand uncertainty of fertility and family-building futures,
and cited a desire for the website to feel calming and hopeful.
Wireframeswereinformed by thisfeedback and the work done
during the discovery phase.

Aligning on a Design Aesthetic

It is recommended to use images that end users will find to be
realistic and relatable when designing hedth- and
medicine-related content [29]. Research suggests users of digital
health tools may prefer photographs of real people, as opposed
toillustrations or no photographs at all [39]. It isalso important
to show people of diverse backgrounds, allowing more people
to find themselves and relate to the content [40]. Accordingly,
weincluded photographic images of young women representing
different races, ethnicities, and ages throughout the site. There
were no medical or fertility-related photographs. To facilitate
understanding, whenever possible, we accompanied written text
with graphs (eg, a line graph depicting the decline in ovarian
reserve over time) and comparison charts (eg, a table with the
costs of family-building options listed side by side). Each
family-building option had a different icon to guide the user’s
journey and comprehension. The research team developed an
initial conceptualization of photos, icons, and graphs based on
the dual goals of optimizing usability and achieving the desired

Textbox 1. Plain language checklist for writing for the web.

Benedict et al

stylistic feel, and patient research partners were asked for their
impressions. Generally, feedback was positive; however, designs
were modified based on specific suggestions (eg, to use a
different photo or improve labeling). One key issue was how
to best depict potentially distressing information. In particular,
patient research partnerstold usthat seeing the downward slope
of the line graph showing a declining ovarian reserve over time
was a powerful and potentially upsetting image. The pros and
cons of conveying this information in text or graphs were
discussed. Ultimately, with agreement from our patient research
partners, we decided to keep the graph for its effectivenessin
displaying the critical information. We will test these design
decisions and their emotional impact during usability testing.

Content Development

In developing the narrative for the website, guidelines for
developing web-based informational content were followed
[41]. Writing user-friendly content for a website involves
consideration of word choice (eg, use of plainlanguage and
keywords known to users and an active voice), use of short
sentences and paragraphs, chunking content and presenting
information in bullets and numbered lists, use of clearly
distinguished headlines and subheadings, placement of key
informational pieces on the page, and use of white space[41,42].
We followed the plain language checklist for writing website
content (Textbox 1; adapted from the checklist developed by
the National Institutes of Health [NIH; 43]). Definitions of
medical terminology were provided, and simpler medical terms
were used whenever possible. For example, the title ask a
fertility specialist replaced ask a reproductive endocrinologist,
and the definition for a reproductive endocrinologist was
provided for reference.

Be concise; eliminate unnecessary words

Break information up into separate topics

Use short lists and bullets to organize information

Consider using questions as headings

Present each topic or point separately

Keep the information on each page to no more than two levels

© © N o g A~ w N -

=
= o

content/pages on the site

13. Eliminate unnecessary words as much as possible

Use short paragraphs (ie, shorter paragraphs than when writing for printed materials)

Use headings and subheadings that are descriptive, with limited text under each heading

Use white space to allow users to easily scan the page for key information
Write using the same words users would use when doing a web search for the information, particularly for page titles and headings

. Clearly explain things such that each page can stand on its own; ie, don’t assume users will have knowledge of the subject or have read other

12. Uselanguage to guide the user journey that describes what the user will get if they click on the link; ie, never use “click here’ asalink

Content was al so written to be all-inclusive with respect to user
diversity, particularly regarding partnership status (ie, singlevs
coupled users), sexua orientation (ie, users identifying as
lesbian, gay, bisexual, transgender, and queer/questioning
[LGBTQ]), and definitions of family makeup (eg, same-sex
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parents and single women pursuing parenthood). Users were
not assumed to have a partner (how or when pursuing family
building), and partners were not assumed to be of a specific
gender. Listed resources provided access to more detailed
information (eg, state-by-state laws regulating LGBTQ and
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same-sex couple adoption, legal advocacy, and financial grant
opportunities for LGBTQ prospective parents). Religious and
cultural factors that may impact users decision making,
particularly with respect to the use of reproductive medicine
(eg, transvaginal procedures and creation of embryosin thelab),
were addressed in a limited way at several points throughout
the website. For example, users are prompted to consider
religious, cultural, and ethical beliefs in relation to their
decision-making optionsin the values clarification exercise and
can also reflect on these factors when answering open-ended
guestions.

Additional Design Considerations

Patient research partners discussed the emotional experiences
that users might have when approaching the website, based on
the stressand uncertainty of fertility and family-building futures,
and cited a desire for the website to feel calming and hopeful.
Severd design considerationswere madeto reflect the emotional
experiences and health literacy levels of users interacting with
the site.

Designing for Iterative Decision Making

Most patient DAs for health care decisions involve discrete
periodsin which asingle decision about treatment options must
be made [43]. DAsdevel oped in cancer and fertility have almost
exclusively focused on pretreatment fertility preservation in
which there are 2 decision options (yes or no) and alimited time
window, as cancer treatment must be initiated [12,44].
Conversely, decision making about family building may involve
amore complex set of decision points. For example, for some
users, the focus of the decision may be about seeing a fertility
specialist, and decision options may change based on feedback
about reproductive viability and the likelihood of success with
natural pregnancy, IVF, or surrogacy, thus changing their
informational and support needs. Many survivors may first
prioritize having abiologically related child, but if given alow
chance for success, they may re-evaluate their priorities and
choose to spend financial resources on pursue adoption. Others
may restart the decision process if they are unsuccessful, such
as after failed IVF attempts, or if the challenges become too
great. Single women may change their preferences when they
involve adecision partner. On the basi s of this conceptualization
of longitudina decision-making processes, the design of the
websiteincluded support for iterative engagement such that the
information architecture was set up to allow users to have
maximum control over the user journey and easily circle back
to content about alternative family-building options.

Emotional Design

Our previous work suggested that women who experienced
moreintense emotions of distressand fear often described lower
self-efficacy to managerisks and, at the most extreme, avoidance
of fertility information and disengagement from decision-making
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processes [19]. These findings are consistent with the research
delineating the impact of affective states on medical decision
making and behavior, such that anxiety and fear tend to lead
individualsto prioritize short-term gratification over long-term
goals [45,46]. In this case, young women who are distressed
about infertility risks or fear of receiving bad news may avoid
information to avoid further distress (thus prioritizing short-term
relief), diminishing their chances of achieving long-term goals
for parenthood. One of the objectives for the website wasto be
empowering for young women, for example, to guide usersin
becoming informed and setting realistic expectations about
potential challenges, while inspiring hope and optimism that
parenthood may be achieved. With consultation and input from
experts on the team, we aimed to achieve this emotional
experience for users through design decisions about tonality,
color, language, and picture selection. Acknowledging that
information on the website may be upsetting for users, we made
decisions about design and photo images to create a positive
user experience (eg, facial expressions of women in photos that
suggest confidence, hope, and optimism), without negating the
difficulties and negative emotions users may experience as a
part of thisjourney. We also used color and design to facilitate
comprehension and guide engagement with the site. We
attempted to avoid design elementsthat might overwhelm users,
perhaps leading them to abandon the website. For example,
large blocks of text can be difficult to read and comprehend,
which may be even more challenging for cancer survivorswith
lasting treatment side effects such as fatigue or cognitive
impairment [47], and our patient research partners corroborated
concerns about information overload and text-heavy pages.
Efforts to reduce the cognitive load and emotional distress
included using short text blocks, white space, clearly identified
and defined terminology, and graphs, charts, and icons.

Guidelines and Standards

The website was designed to meet varying health literacy and
reading levels of users and in accordance with the IPDAS
guidelines and the Ottawa Decision Support Framework for
developing patient DAs [25,26,48], and health literacy
guidelines, including those set by the NIH [49,50]. The Centers
for Medicaid and Medicare Servicestoolkit for making written
material clear and effective wasa so employed [51]. TheIPDAS
checklist is presented in Table 1, whereas the Health Literacy
Online Strategies Checklist is presented in Table 2. Standards
required for the design and development of websites affiliated
with the US Department of Health and Human Services were
also reviewed and used to guide design decisions [52].
Guidelines from the Office of Disease Prevention and Health
Promotion [49], NIH [50], and the Centers for Medicare and
Medicaid Services [51] for designing digital health websites
and information tools for low health literacy and culturaly
diverse populations were a so followed.
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Table 1. Review of the Roadmap to Parenthood patient decision aid using the International Patient Decision Aid Standards quality checklist.

Criteria Answer

Criteriato be defined asa patient DA?

1. The DA describes the condition related to the decision Yes
2. The DA describes the decision that needs to be considered Yes
3. The DA identifies the target audience Yes
4. The DA lists the options (health care or other) Yes
5. The DA has information about the positive features of the options (eg, benefits or advantages) Yes
6. The DA has information about the negative features of the options (eg, harms, side effects, or disadvantages) Yes

7. The DA helps patients clarify their values for outcomes of options by (a) asking people to think about which positive ~ Yes
and negative features of the options matter most to them AND/OR (b) describing each option to help patients imagine the

physical, social, and/or psychological effects?

8. The DA makesit possible to compare the positive and negative features of the available options Yes
9. The DA shows the negative and positive features of the options with equal detail Yes
_10. The DA compares probabilities (eg, chance of adisease, benefit, harm, or side effect) of options using the same denom-  ya¢d
inator

11. The DA (or available technical documents) reports funding sources for devel opment Yes
12. The DA reports whether authors of the DA or their affiliations stand to gain or lose by choices people make after using  Yes
the DA

13. The DA includes authors/developers’ credentials or qualifications Yes
14. The DA reports the date when it was last updated Yes
15. The DA (or available technical document) reports readability levels Yes
16. The DA provides references to scientific evidence used Yes

Other criteria for Das about screening or testing

17. The DA has information about what the test is designed to measure Yest
18. The DA describes possible next steps based on the test results Yes®
19. The DA has information about the chances of disease being found with and without screening Yes®

20. The DA has information about detection and treatment of disease that would never have caused problemsif screening  yec®
had not been done

Other criteriaindicating quality
21. The DA describes what happensin the natural course of the condition (health or other) if no action is taken Yes
22. The DA hasinformation about the proceduresinvolved (eg, what is done before, during, and after the health care option)  Yes

23 The information about outcomes of options (positive and negative) includes the changes that may happen n/Ad
24. The DA presents probabilities using event ratesin a defined group of people for a specified time N/AS
25. The DA compares probabilities of options over the same period of time N/AD
26. The DA uses the same scales in diagrams comparing options Yes

27. Users (people who previoudly faced the decision) were asked what they need to prepare them to discuss aspecificde-  Yes
cision

28. The DA was reviewed by people who previously faced the decision and were not involved in the DA's development  Yes

and field testing
29. People who were facing the decision field tested the DA Nof
30. Field testing showed that the DA was acceptable to users (the general public and practitioners) No'
31. Field testing showed that people who were undecided felt that the information was presented in a balanced way No'
32. There s evidence that the DA (or one based on the same template) hel ps people know about the available optionsand  n/A9
their features
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Criteria Answer

33. Thereisevidence that the DA (or one based on the same template) improves the match between the featuresthat matter  n/A9
most to the informed person and the option that is chosen

8DA: decision aid.
Byve expanded this definition to also include financial effects of decision option outcomes.
°N/A: not applicable.

%The primary purpose of the decision aid is to educate and support patients facing limited family-building options in which it is not possible to predict
the likelihood of success or failure with in vitro fertilization, surrogacy, and adoption.

®The decision aid and planning tool provides information on infertility risk due to gonadotoxic cancer treatment, options to test fertility, and possible
next steps for family building based on the results of fertility testing and indications of reproductive potential; however, thisis only one aspect of the
entire decision-making process encompassing family building after cancer.

This criterion was not yet relevant, as the patient decision aid was still in development. Usability and field testing are currently underway.
9Study of efficacy will begin after the completion of usability and field testing and once the design of the decision aid is finalized.
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Table 2. Review of the Roadmap to Parenthood patient decision aid using the Health Literacy Online Strategies Checklist from the National Institutes
of Health.

Criteria Answer

Write actionable content

1. Identify user motivations and goals Yes
2. Put the most important information first Yes
3. Describe the health behavior [information] — just the basics Yes
4. Stay positive. Include the benefits of taking action Yes
5. Provide specific action steps Yes
6. Write in plain language Yes
7. Check content for accuracy Yes

Display content clearly on the page

8. Limit paragraph size. Use bullets and short lists Yes
9. Use meaningful headings Yes
10. Use readable font Yes
11. Use white space and avoid clutter Yes
12. Keep the most important content above the fold — even on mobile Yes
13. Uselinks effectively Yes
14. Use color or underline to identify links Yes
15. Use Images that help people learn Yes
16. Use appropriate contrast Yes
17. Make web content printer-friendly Yes
18. Make your site accessible to people with disabilities Yed
19. Make websites responsive Yes
20. Design mobile content to meet mobile users’ needs Yes

Organize content and simplify navigation

21. Create asimple and engaging homepage Yes
22. Label and organize content with your usersin mind Yes
23. Create linear information paths ved
24. Give buttons meaningful labels Yes
25. Make clickable elements recognizable Yes
26. Make sure the browser “back” button works Yes
27. Provide easy access to home and menu pages Yes
28. Give users options to browse Yes
29. Include a simple search function No®
30. Display search results clearly No®
Engage users
31. Share information through multimedia No
32. Design intuitive interactive graphics and tools Yes
33. Provide tailored information Yed
34. Create user-friendly forms and quizzes Yes
35. Consider social media sharing options N/AGT

Test your sitewith userswith limited literacy skills
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Criteria Answer
36. Recruit users with limited literacy skills and limited health literacy skills No'
37. Identify and eliminate logistical barriers to participation Yes
38. Create plain language testing materias Yes
39. Test whether your content is understandable and actionable No'
40. Use moderators who have experience with users with limited literacy skills N/AY

3Design decisions were made within the scope of the project to make content accessible to people with disabilities, including using large font and white
space.

bBeginni ng sections of the decision aid tool were designed so that users would follow alinear path to obtain information about fertility, infertility risks
associated with cancer, and family-building options. Following this, users were prompted to choose their own path with respect to which content was

most applicable to their situation and needs (eg, finding support vs financial planning strategies).
“We were unable to include a search function due to the limitations of web development resources.

9information was tail ored to the extent that users had control over content they viewed because of the choose your own path click-through user journey
design of the website, use of adrawer design to hide/reveal content based on user interest, and available drop-down features.

EN/A: not applicable.

This criterion was not yet relevant, as the patient decision aid was still in development.

9The tool is designed to be used by young adult female cancer survivors independently, without help from moderators, clinicians, or professionals to
provide guidance or decision support. Future work will explore options for use of the tool during patient-provider interactions and for shared decision

making.

Discussion

User-centered design practicesinvolve an extensive and iterative
process of designing and developing solutions from the
perspective of the end user. The development of the Roadmap
to Parenthood prototype was based on pilot work to understand
the experiences and needs of young adult female survivors of
cancer related to family building after cancer, combined with
a collaborative, multidisciplinary team approach to making
initial design decisions that would best meet their needs.
Ultimately, usability testing with members of the target patient
population is necessary to determine whether design decisions
have been made to optimize the ease of use, comprehension,
and usefulness of the product or whether improvements are
needed. Once completed, we hope that this DA for family
building after cancer will be a complementary resource to the
DAs and resources that exist for pretreatment fertility
preservation [11,12]. We followed similar development
procedures to those reported for other DAs in the literature,
including adherenceto IPDA S guidelines, review of previously
published DAs, use of a multidisciplinary team approach,
iterative design with feedback from target users, and digital
platforms [53-57]. Fertility preservation DAs have been shown
to be acceptable and beneficia to young adult female cancer
survivors [53,55,57], suggesting the DA presented here may
similarly support patients through the next steps of family
building.

The early design considerations presented here are important
steps for developing a user-centered prototype that is a good
starting point for usability testing. We are currently underway
in conducting usability testing with target end users to obtain
feedback about the website prototype. This process involves
quantitative and qualitative data analytic approaches using
standardized usability testing proceduresincluding think-aloud
sessions and validated usability assessment measures. Design
modifications and additional testing will be conducted until user

http://formative.,jmir.org/2021/1/e20841/

feedback indicates that we have optimized the product design
with the appropriate degree of compassion and empathy.
Following usability testing, we will conduct a single-arm pilot
study to test the tool as a DA intervention for family building
after cancer [58]. For this study, we will follow the SUNDAE
Checklist (Standardsfor UNiversal reporting of patient Decision
Aid Evaluations) for reporting patient DA evauative studies
[48]. Future directions of this research will also explore how
the tool may be used for dyadic decision making, including
users partners, and as a part of cancer survivorship care to
support patient-provider communication and shared decision
making.

Limitations and Future Directions

There were limitations to this study. One of our most difficult
tasks in creating the website was to balance the amount of
informational content with concerns about information overload,
an issue that was brought up by our patient research partners.
Although the website provides a comprehensive overview of
fertility and family-building topics and multiple aspects of
decision-making support, some subsidiary topics were not as
thoroughly reviewed. For example, while users are prompted
to self-reflect and expl ore personal factorsthat are most relevant
to their decisions, in-depth content specific to cultural and
religious factors was limited. Similarly, this version of the
website does not mention step-motherhood as afamily-building
option. Future usability testing will determine whether more
comprehensive information is needed on these topics. In
addition, while we decided to build a web-based resource to
increase access and convenience among the target user group
of young adult women who reported a preference for digital
resources, we recognize that some members of the target
population may not have regular or dependable access to the
internet. However, we do not believe thisis awidespread issue,
based on the data gathered on internet accessibility across
various demographic cohorts[30-32]. In order to accommodate
userswho may prefer a paper-based version, weincluded a print

JMIR Form Res 2021 | vol. 5 | iss. 1 [e20841 | p.127
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH Benedict et al

button on the top of each page that autoformats the website  our subsequent usability testing phase will guide modifications
content for the ease of printing. and finalization of the design. This clinical research will
. contribute to a priority area set forth by the NCI and the
Conclusions American Society of Clinical Oncology to devel op age-specific
Following this first phase of the development process of a resourcesfor young adult cancer survivorswhileleveraging the
patient DA and planning tool for family building after cancer,  advantages of digital communication technology [59,60].
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Abstract

Background: Cystic fibrosis (CF) isan inherited chronic condition that requires extensive daily care and quarterly clinic visits
with a multidisciplinary care team. The limited exchange of information outside of the quarterly clinic visits impedes optimal
disease self-management, patient engagement, and shared decision making.

Objective: The aim of this study is to adapt a mobile health (mHealth) app originaly developed in Sweden to the needs of
patients, families, and health care providers in a CF center in the United States and to test it as a platform for sharing
patient-generated health data with the CF health care team.

Methods: Focus groups with health care providers of patients with CF, adolescents with CF, and caregivers of children with
CF were conducted to determine what modifications were necessary. Focus group data were analyzed using athematic analysis,
and emergent themes were ranked according to desirability and technical feasibility. The mHealth platform was then modified
to meet the identified needs and preferences, and the flow of patient-generated health data to a secure Research Electronic Data
Capture database was tested. Protocols for data management and clinical follow-up were also devel oped.

Results: A total of 5focus groupswith 21 participants were conducted. Recommended modifications pertained to al functionalities
of the mHealth platform, including tracking of symptoms, treatments, and activities of daily care; creating and organizing
medication lists and setting up reminders; generating reports for the health care team; language and presentation; sharing and
privacy; and settings and accounts. Overall, health care providers recommended changesto align the mHealth platform with US
standards of care, people with CF and their caregivers requested more tracking functionalities, and both groups suggested the
inclusion of amental health tracker as well as more detailed response options and precise language. Beta testers of the modified
platform reported issues related to trandatability to US environment and various bugs.

Conclusions: This study demonstrated the importance of identifying the needs and preferences of target users and stakeholders
before adopting existing mHealth solutions. All relevant perspectives, including those of clinicians, patients, and caregivers,
should be thoroughly considered to meet both end users’ needs and evidence-based practice recommendations.

(IMIR Form Res 2021;5(1):€19413) doi:10.2196/19413
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Introduction

Background

Cystic fibrosis (CF) is the second most common inherited
disorder in the United States. The disease affects multiple
systems, including the respiratory, digestive, endocrine, and
reproductive systems, and involves acomplex, time-consuming
daily care routine with multiple oral and inhaled medications,
airway clearance therapy, diet, and exercise[1,2]. In the United
States, clinical care guidelines recommend quarterly
multidisciplinary CF clinic visits. During such visits, patients
and families are asked to remember and communicate to the
clinica team the most relevant aspects of their disease
experience from the previous 3 months. From that snapshot,
clinicians are expected to gather enough detail to make optimal
treatment recommendations [3]. Although the magjority of care
takes place at home, exchange of information between the
patient and the clinical team outside of the clinical setting is
currently limited and occurs mostly via phone calls. This
traditional, episodic model of care delivery is not well suited
for achronic condition such as CF and does hot support optimal
disease self-management, patient engagement, and shared
decision making [3-6]. For optimal CF care, a bidirectional
patient-clinician communication that takes place between visits
is necessary. Such communication is particularly important for
children and adolescents who are learning to transition from
clinician-regulated care to autonomous self-management of
their disease [7,8]. Idedlly, the bidirectional communication
would occur with electronic tracking of patient-reported
symptoms, real-time sharing of this patient-generated health
data controlled by the patient but matching the requirements of
clinical workflows, and timely clinical feedback to such data
[3,9].

Research in other complex chronic conditions has shown that
patients benefit from routine collection of patient-generated
health data. Studies have reported associations between the use
of patient-generated health dataand improved symptom control
and quality of life [10-14], patient-clinician communication and
satisfaction [15,16], reduced health care utilization, and
increased survival [17-20]. Such an approach is not yet used in
CF clinical practice, despite a strongly stated need by the CF
patient community [21-23]. A previous assessment of
preferences for remote collection and sharing of
patient-generated health data among patients with CF or their

http://formative.,jmir.org/2021/1/e19413/
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caregivers reported that the majority are willing to share such
data [24].

The opportunitiesfor collaborative, continuous, and data-driven
chronic care have increased exponentially with the application
of mobile health (mHealth) technologies. Mobile apps allow
patients to collect, monitor, and report symptoms and events
outside of an office visit and to make these data available to
providers for shared decision making. mHealth interventions
have been widely used in the management of diabetes,
hypertension, and chronic pain, among others [13,14,20].
Although technology has been used to facilitate earlier detection
of pulmonary exacerbations and adherence monitoring in CF
care [25-27], mHealth solutions for CF self-management have
not been adopted [28,29]. CF care is uniquely suitable for
mHealth solutions because of well-established clinical
guidelines, multidisciplinary care teams, national patient
registry, and an expansive network of accredited CF centers,
however, barriersrelated to the integration of patient-generated
health data with information technology (IT) systems and
electronic medical records have been documented [21]. In
addition, thefew existing CF appsonly partially satisfy the user
needs reported in previous research [29,30]. mHealth solutions
are even more important in the context of the COVID-19
pandemic, which has imposed limitations on in-person visits
for chronic care. As such, mHealth approaches may be used to
supplement telehealth as a risk-reduction strategy [31].
Genia

Genia is a mHeath platform designed to facilitate the
coproduction of CF care (Figure 1). Developed by Upstream
Dream in collaboration with the Swedish CF community at
Karolinska Institute in 2014, it was first introduced to pediatric
CF centers in Sweden and has been well received by patients,
with 65% to 87% of families using the app at the most active
clinics to track symptoms, activities, and aspects of daily care
and share them with the clinical team [32].

Genia supports the upload of images (eg, a patient may take a
photo of their sputum and upload it viathe app) and can connect
to other apps or devices, such as electronic spirometers and
smart medication dispensers. A proof-of-concept test of the
Genia platform in juvenile idiopathic arthritis reported that it
improves patient engagement, patient-centered care, and
practice-based learning and recommended the uptake of the
platform in other chronic conditions [33,34].
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Figure 1. Geniadashboards: (A) treatments, (B) trackers, and (C) appointments and reports.
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Objectives

This study adapted Genia to the needs and preferences of the
CF community in apediatric CF center in the United States. A
proof-of-concept testing was conducted to optimize the platform,
remove glitches, and ensure the security and privacy of
patient-generated health data.

Methods

Theoretical M odel

The project is informed by the model of health care service
coproduction [5] whose central tenet isthat health care services
are coproduced by patientsand providersin systemsthat support
and constrain effective partnerships.

Study Design

Determining the Needs and Preferences of the CF
Community

We used focus groups to assess the needs and preferences of
the pediatric patients with CF, their families, and their health
care providers regarding the Genia mHealth platform and to
determine what modifications were necessary. Patient focus
groups were conducted via videoconferencing in keeping with
infection control guidelines [35]. For accessibility and
convenience, caregiver focus groups were conducted in 3

http://formative.,jmir.org/2021/1/e19413/
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different locations in the catchment area of the University of
Alabama at Birmingham/Children’s of Alabama (UAB/COA)
CF center. UAB/COA is the only pediatric CF program in
Alabama, serving families from across the state. Patients and
familial caregivers were English-speaking and were recruited
during routine clinic visits and by phone. Participants provided
informed consent and received aUS $25 gift card to compensate
for their time. The clinical focus group was conducted on site
at the UAB/COA CF center during a routine meeting of the CF
clinica team. As such, clinical participants were not
compensated for their time.

During caregiver focus groups, participants were first shown a
2-minute video that demonstrated the functionalities of the
existing Genia app and then asked to explore the app on their
own using study iPads prel oaded with a beta version of the app
in English. Moderators were availabl e to answer questions about
the app. Patients who participated in avirtual focus group were
given access to the app on their personal devices up to 3 days
before the focus group. Asthey had the opportunity to explore
the app beforehand, lesstime was devoted to app demonstration.
Focus group sessions were led by 3 research team members
(GO, SR, and RG) who used a semistructured guide (Table 1)
to facilitate discussions. Each session lasted approximately 90
minutes. Focus groups were recorded, transcribed verbatim,
and deidentified for analysis. The study was approved by the
Ingtitutional Review Board of the University of Alabama at
Birmingham (Protocol |RB-300001749).
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Table 1. Semistructured guide for focus group discussions.

Rutland et al

Question type Questions

General

ok wdnpE

Overarching 1

Feature specific 1
topicsthat are not included?

N

improved?

o gk w

What are your first impressions of the app?

How do you see yourself using the app?

What part is most interesting to you?

What part is most useful to you?

What do you think about the visual presentation?
What could be improved in the app?

How should the Genia platform be adapted to meet your needs and preferences?

Trackers: Are these the topics you would track and talk to your doctor about? Are there other important
Previsit reports: What do you think about the questions? Is there something that is not clear or could be

Treatments: What do you think about this feature? Is there anything that could be improved?
Appointments: What do you think about this feature? |'s there anything that could be improved?
News: What do you think about this feature? I's there anything that could be improved?
Settings: |'s there anything that could be improved in the app settings?

Datafrom all focus groupswere combined and analyzed together
using a thematic analysis [36], an interpretative research
approach that uses a purely qualitative account of data rather
than frequency of codesfor theme development [37]. Thematic
analysisidentifiesthemesfrom both latent and manifest content,
without considering code frequency. Thus, the number of focus
groups, participants, or categories had no consequence on the
results. A constant comparative method [38] was employed to
generate categories and themes. Transcriptions were coded
independently by 3 research team members (GO, RR, and RG),
and then, codes were discussed by the entire research team and
the final coding scheme was decided jointly. The Genia app
developers did not participate in the data analysis and were
blinded to the identity of the participants.

Adapting the Genia App to | dentified Needs and
Preferences

Focus group data were first categorized according to app
features. The research team then ranked participant
recommendations in 3 categories (highly desired, moderately
desired, and less desired) based on participant feedback and
sent the recommendations to the Genia developers. The
developers categorized these recommendations according to
technical feasibility (immediately feasible, feasibleinthefuture,
and not feasible) based on app infrastructure, time required to
make the changes, and cost. The research team and Genia
developers met to discuss what recommendations were both
highly or moderately desired and immediately feasible. The
mHealth platform was then modified according to these
recommendations and prepared for the proof-of-concept testing
phase.

Testing the Modified Platform

In this phase, we tested the Health Insurance Portability and
Accountability Act (HIPAA)—compliant dataflow from the app
to a secure study server housed at UAB/COA and beta tested
the modified platform. To ensure the security and privacy of
patient-generated health data, we tested the transmission of
patient-generated reports sent as HIPAA-compliant PDF and
Xls files to a secure Research Electronic Data Capture

http://formative.,jmir.org/2021/1/e19413/

(REDCap) server at our academic institution. REDCap, which
uses cellular networks and encrypted point-to-point
communication, is a secure web app specificaly designed to
support and house web-based data capture for research studies.
We enrolled 6 participants from the caregiver focus groups to
test dataflow to the server and to report bugs and other problems
in the mobile app for 30 days. Participants provided informed
consent and were compensated US $100 for their time.
Additional beta testing of the modified app was performed by
research team members (GO, RR, RG, and CM).

Development of Data Management and Clinical
Follow-Up Protocols

In this phase, we developed protocols for the management of
patient-generated health data submitted to REDCap and for
clinical follow-up in response to submitted data. Clinical
protocols were devel oped with input from the COA CF Nurse
Coordinator and the UAB/COA CF Center Director. We also
trained the CF care team on the use of the platform in aone-day
face-to-face session.

Results

Determining the Needs and Preferences of the CF
Community

A total of 5 focus groups with 21 participants were conducted:
1 with pediatric clinical team members (n=5), 1 with adol escent
patients with CF treated at COA (n=5), and 3 with familial
caregivers of pediatric patients with CF (n=11). Clinical team
members represented the specidties included in a
multidisciplinary CF clinic (pulmonology, nursing, nutrition,
respiratory therapy, and social work). Patients with CF, mean
age 17.8 years (SD 1.7; range 15-20 years) and 80% (4/5)
female, resided in 4 different geographic areas of the state.
Familial caregivers, mean age 42 years (SD 6.9; range 33-59
years), 90% (10/11) female, and 90% (10/11) parents,
represented 3 different geographic areas of residence.
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Trackers

The Genia app alows users to keep track of their symptoms
using a library of developed trackers. Clinical, patient, and
caregiver respondents prompted devel opersto create or improve
trackersfor avariety of health measuresand physical symptoms.
Overdll, all groups requested that existing trackers be more
specific. For example, they recommended that the pain tracker
be modified to ask about the location of the pain, its severity,
and how long it has been occurring. In addition, al groups
recommended a tracker for stool composition and freguency.
Caregivers shared that trackers for seemingly embarrassing
topics such as stools could help older children better
communicate their symptoms:

...because when they get to the age of 17 and 13, they
don’'t wanna discuss it at all. That is gross, and they
don’'t wanna talk about it...\When my children were
younger, | changed their diapers. | went in the
bathroomwith them, and you could check. That don’'t
happen any longer, so to have an app that [...] they
can put in there when they see, and then it's not
necessarily “ I've got to go tell mom this is what it
looked like." [Caregiver]

Overall, patients and caregivers requested more detailed clinical
trackers, wheress the clinical team considered such trackers
unnecessary. For example, contrary to the opinion of the clinical
team, patients and caregivers wanted to have a lung function
tracker to input the latest pulmonary function test results from
each clinic visit and track changes over time, a hospitalization
tracker to keep record of when and for how long they are
hospitalized, and a vaccinations tracker to help keep track of
flu shots and other vaccinations. They also requested a tracker
for sinus symptoms, shortness of breath and oxygen saturation,
and CF-related diabetes. In addition, caregivers requested that
the separate height and weight trackers be combined into one
for convenience and ease of use and that the nighttime cough
and daytime cough trackers be combined as well. Patients
recommended that the exercise tracker be renamed to physical
activity, with a drop-down menu of options, including various
sports, yoga, dancing, hiking, or playing outside, among others.

When asked what trackers were missing from the current list,
all respondents highlighted the importance of tracking mental
health:

Yeah, a mental health question would be very, very
helpful ... for the parents and child, as well, because
it gives them a better insight into what’s going on...
[Caregiver]

| would like to see if we could add in mental health
[...] anxiety or stuff like that because we— that's
something that some of us get asked at clinic and stuff,
and sometimes we don’t remember it, so that would
be areally good oneto add to it. [ Patient]

Caregivers hoped that children who are not comfortable talking
totheir parents about their mental health would tell the app how
they are feeling and share these data with the CF care team:

http://formative.,jmir.org/2021/1/e19413/
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I'm okay with leaving it and let him feel comfortable.

I'm not gonna try to look and see what he's writing.

[Caregiver]
Clinical participants recommended including a mental health
tracker with questions about depression and anxiety from the
4-item Patient Health Questionnaire [39]. In addition, patients
and caregivers recommended creating an emotions tracker,
where users can choose from adrop-down list of emotions and
elaborate on why they fedl that way:

Call the button daily emotions, because you want
themto put it in every day so we can keep track of it,
so | think that’s under emations. [Caregiver]
Theonel’mthinking isjust your mood[...] Wereyou
happy today? Was there anything that you made feel
sad? Something like that. [Patient]

Creating a Treatment

The Genia app alows patients to track medications and
treatments, including frequency and duration, and to set
treatment reminders. Clinical participants requested updating
the treatment and medication list to the US context, to match
current CF clinical care guidelines. Caregivers requested
including a medication dosage in addition to the medication
name and an option to print their medication list from the app
for sharing with others, such as pediatricians, school nurses, or
daycare providers. They wanted to be able to set multiple daily
reminders for the same treatment and reminders for treatments
that cycle on and off (eg, antibiotics taken on 28 days on/28
daysoff schedule). Caregivers also asked for the ability to enter
the prescription date and to set refill remindersfor medications,
medical supplies (eg, nebulizer cups), or treatment-related tasks
(eg, changing air filtersand flushing aport). Finally, caregivers
wanted the flexibility to reorder their medication lists as
necessary for different purposes, for example, alphabetically,
by time of treatment (morning vs evening), by type of treatment
(inhaled vsoral), or by organ system (digestive vsrespiratory).

Exporting Reports to the Clinical Setting

One of the most important features of the Genia patient support
systemis sending patient-generated health datato the care team
in the form of reports in a PDF format before clinic
appointments. Caregivers and patients wanted to make sure that
there was a place to keep a list of questions for an upcoming
visit. Caregivers also strongly suggested appending the previsit
reports to aso include the pen-and-paper questionnaire
traditionally administered in the clinic waiting room:

[...] 'cause I’ ve been to the point where I'mlike I'm
just not gonna fill it out. [Caregiver]

| find the papers extremely stressful. [...] I'mtrying

to have [ my kids] not kill each other, and I’'m trying

to fill out—then the people keep coming in, and I'm

trying to answer questions. | just get stressed out

about trying to fill out the papers. [Caregiver]
Caregiversparticul arly appreciated the opportunity to take notes

during the clinic visit and keep them in the app as a personal
record of what was discussed or what changeswere made during
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that visit, dong with vital signs, laboratory test results, and
results from pulmonary function testing.

Language and Communication

Both caregivers and clinicians suggested multiple changes to
the current app language. Some of these changes reflected
differencesin terminology between the Swedish and US context
(eg, breathing treatments vs airway clearance), whereas others
pertained to the use of a more idiomatic English language.
Several caregivers expressed that there should always be a
free-text option or acomment box to encourage patientsto share
details about their observations and encourage open
communication. Caregivers of adolescents were particularly
worried that their children would not communicate enough
information in the app without detailed prompts.

Sharing and Privacy

Respondents had different opinions about sharing and privacy
within the app by role (patient vs caregiver) and age. Adol escent
patients thought that their caregivers did not need to be heavily
involved in their app usage:

I’'m15, and | think it'sa great way for growing up—a
great way to learn out on your own. [ ...] | would learn
when to take my medications and to refill them and
different things like that.

However, some caregivers had mixed feelings: athough they

wanted to give their children privacy, they also wanted to be
aware of what their children were entering in the app:

[...] till, I hate the fact that there'sthings| just don't
know. [Caregiver]

Other caregivers believed that children should not be able to
keep anything privatein the app if they are not |egal-age adults:
[...] asa parent, my child can’'t keep anything from

me until they turn 18.
Caregivers recommended making al notes private by default
to encourage people to record their true thoughts in the app.

Users can then choose what notes to share with the CF care
team when they generate their previsit report.
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Settings and Account

These featureswere consistently important points of discussion
for caregivers and patients. Caregivers of multiple children with
CF wanted to be ableto track their different children seamlessly,
without having to log off from one profile and log on to another:

Eventually if they could pick out their color scheme

or they could add their own picture. That way at a

glancel knowif I'mlooking at [ Son’s] or I’'mlookin’

at [Daughter’s], and | don’t have to go back and be

like, whoseis this?
Caregivers of younger patients wanted both the parent and the
child to be able to track and view symptoms and treatments.
Both caregivers and patients requested the ability to personalize
their settings with profile pictures, avatars, and color schemes.

News

Caregivers suggested that the news feature of the app should
be used to maintain current information about the CF care team,
including their names, photos, role in the team, and contact
information. Caregivers also wanted to receive frequent updates
about clinical trials, research news, medication discounts, and
CF educational events and resources:

| don’t think you can ever get too much information.
As parents, we can never get too much information.

Adapting the Genia App to I dentified Needs and
Preferences

The results of the focus groups highlighted both overlapping
and differing preferences among clinical staff, caregivers, and
patients. Overall, when making decisions about modifications,
the research and devel opment teams prioritized the perspectives
of patients and caregivers—the app’s end users—over those of
clinical team members, which resulted in a greater number of
trackers. Although not every recommendation made by
participants was feasible, most suggestions were successfully
incorporated into the modified app, highlighting the necessity
of identifying the needs and preferences of the end usersbefore
entering a test environment. A summary of the modifications
made as a result of focus group recommendations is presented
in Table 2. A full list of al changesis provided in Multimedia
Appendix 1.
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Table 2. Summary of modifications.
Type Extent
New Revision Planned for 2.0 release
Trackers »  Emotions «  Airway clearance CF2related diabetes
«  Hospitalizations « Cough Diagnosis and mutations
«  Intravenous treatments o Energy Goals, with reminders and re-
« Menta health «  Headache wards
«  Shortness of breath «  Height and weight Vaccinations
o Sinuses « Lungfunction
.  Stomach o Medicine
« Stools e« Pan
o  Physica activity
«  School and work
. SI eep
Treatments o  “Other” option o  US-specific medications and Equipment reminders
o Printing list of medications treatments Medication dosage
«  Reorganizing medications «  Multiple reminder options Refill reminders
Reports « Addingclinical history form « /AP N/A
«  Notesfor upcoming visit
« Notesduring visit
o Weekly and monthly check-in
Language and presentation « NA o Personalization with auser Avatars and color options
name
o Ildiomatic English
Privacy « N/A «  Default “do not share” N/A
Settings o Sync other health apps «  Parent and child track under Calendar

the same account
o  Technical support contact

Clinical team contact informa-
tion

«  Within-app messages to the
clinical team

8CF: cystic fibrosis.
ON/A: not applicable.

Testing the M odified Platform for Technical |ssues

Testing of the HIPAA-compliant data flow from the
patient-facing app to a secure US-based cloud server to the
REDCap study database was necessary to ensure the protection
and privacy of patient-generated health data. The research and
development teams al so tested that patient-generated reportsin
the mobile app were correctly uploaded to the REDCap
database. Theissue of datareadability for the clinical team and
the research team had to be addressed aswell. The devel opment
team successfully converted the incoming patient-generated
reports into PDF files with charts, graphs, and text boxes of
tracked symptoms and raw data in .xIs files. This ensured that
the clinical team had an easy way to interpret the output of
patient symptoms and that the research team had easily
accessible data for data analysis.

Betatesting of the modified Geniaplatform for technical issues
was conducted for 30 days with 6 participants (mean age 41
years, SD 2.4; range 43-51) from the pool of caregiver focus
group participants, as they were aready familiar with the
platform. Specificaly, we asked participants to test every
tracker, submit notes with and without pictures, test if the
treatment reminders feature is functional, and make note of

http://formative.,jmir.org/2021/1/e19413/

anything that needsto be corrected. The research team informed
testers that data entered into the app would not be acted upon
by the clinical team during the beta testing period and that they
should contact the clinical team through usual channelsif health
CONCerns arose.

Betatesters reported bugs and issuesto a contact person on the
research team who then funneled that information to the
development team. The most common issues reported by beta
testersincluded metric unitsfor height and weight, unnecessary
caps on information input, medication reminders not going off,
and leftover Swedish language.

The developers removed the reported glitches and worked
collaboratively with the research and clinical team membersto
make adaptations that ensure smooth user experience. For
example, beta testers reported a medication missing from the
menu of options. The CF nurse coordinator reviewed and
updated the medication list, and the devel opers updated the app
accordingly. In addition, beta testers reported an issue with
attaching images to previsit reports, and the research team
detected aglitch in the upload of previsit reportsto the REDCap
database. All these issues were fixed by app developers. A
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completelist of optimizationsand removed glitchesis provided
in Multimedia Appendix 1.

Development of Data M anagement and Clinical
Follow-Up Protocols

Theclinical and research teams met with the devel opment team
during a site visit in November 2019. This meeting was
instrumental in laying the groundwork of clinical protocols. For
example, clinical providers had concerns about how the
patient-generated health data from the app would fit into clinical
planning and flow. To address these concerns, a clinical
management protocol was developed that summarizes patient
reports from the app and incorporates them into the weekly
previsit overview of patients with an upcoming clinical
appointment that week. To ease strain on the providers, an
appointed research team member organizes the patient reports
from REDCap and provides the PDFs to the CF nurse
coordinator on aweekly basis. The CF nurse coordinator then
follows a patient support protocol that directs what needsto be
done with specific types of information (eg, >3 increased
symptoms for >2 days- report to treating pulmonologist and
add antibiotic and increased depression reports - initiate contact
with asocial worker or mental health counselor).

The effect of the platform for disease self-management,
patient-reported outcomes, and patient-centered care is being
assessed in an ongoing clinical trial (NCT03910881).

Discussion

Principal Findings

In this study, we adapted an mHealth platform developed for
the CF community in Sweden to the needs and preferences of
the US CF community. We also conducted proof-of-concept
testing to optimize the platform, remove glitches, and ensure
the security and privacy of patient-generated health data. The
project demonstrated the importance of identifying the needs
and preferences of end users before using existing mHealth
solutions and the need to consider all relevant perspectives,
including those of clinicians, patients, caregivers, and app
developers.

Although end user preferences guided the modification of app
functionalities and presentation, clinician perspectives governed
the development of clinical protocols that detailed how
patient-generated health data are used in clinical settings.
Successful coproduction of health care services for managing
achronic health condition [5] reguires the perspectives of both
parties. Engaging end usersin the development or modification
of mHealth apps can help prevent implementation challenges
andincreasethelikelihood of app uptake by thetarget audience
[40]. Engaging clinicians can ensure that mHealth solutions are
practical in clinical settings and can be integrated into the
clinical dataflow within existing IT environments [21]. Other
barriersand challenges al so exist. For example, not all end users
may be able or willing to self-monitor and report symptoms or
activities, particularly those with fewer resources or lower
literacy, whereas clinicians may find the use of patient-generated
health data burdensome or having little measurable effect on
health outcomes. Addressing the priorities and concerns of both

http://formative.,jmir.org/2021/1/e19413/
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partieswill facilitate realistic and attainable goalsin the context
of coproduction facilitated by technol ogy-enabled data sharing
[5]. For successful mHealth interventions, patient-generated
health data must be both meaningful to patients and useful to
clinicians[22].

The preferences of end users of Geniamirrored the preferences
of patients with CF and their caregivers reported in a previous
study [30]. Specifically, end users preferred an app with multiple
functionsthat facilitates access to information, automates disease
management, integrates with other apps, facilitates
communication with the health care team, and is highly
customizableto meet individual goalsand preferences. Involving
end usersin all stages of mHealth devel opment and collaborating
with clinicians and health care system experts may result in
apps that maintain engagement, improve coproduction of
services, and ultimately impact self-management and health
outcomes [30].

The described modification process represents a scalable
approach to adapting mHealth solutions to local needs and
changing contexts. Feedback from patients, caregivers, health
care providers, and experts gave input to developers on how to
prepare the mobile platform for further adaptations to local
needs and changing contexts. For example, afile-based approach
was developed to support a multilanguage platform, and
medication and treatment lists were prepared to alow for
dynamic updates and changes in response to clinician requests
and patient preferences. The collection of patient-generated
health datawasimplemented according to astructure that could
be used to create new trackers and new report questions. The
result was a more scalable and dynamic platform, facilitating
further adaptations. Such an approach can be replicated in
further modification of this and other mHealth platforms to
track home spirometry, home intravenous antibiotics, oral and
nebulized medications, or airway clearance therapy via smart
devices.

App repositoriesinclude hundreds of appsthat claim toimprove
disease management, health outcomes, and health-related
behaviors. However, few are evidence-based solutions
developed with the involvement of health care professionals,
patients, caregivers, and behavioral scientists [33,34]. Even
fewer are tailored to the components of daily CF care and the
symptoms typically experienced by people with CF. The few
apps that collect CF-specific patient-generated health data are
not integrated in the CF care plan or the clinical workflow.
Without such integration, mHealth technol ogies can have only
aminimal impact on chronic disease care and management [41].
At the same time, integration of patient-generated health data
in clinical care viamHealth solutions needsto be donein away
that safeguards the privacy and integrity of patients in their
domestic domain [42]. mHealth platforms and patient support
systems, such as Genia, provide new opportunitiesfor improved
self-care and clinical management of CF. However, for the
integration of mHealth solutionsin clinical care, their feasibility,
their acceptability to patients and providers, and their clinical
effectiveness need to be tested in rigorous clinical trials.
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Limitations

Participantsincluded English-speaking patients, caregivers, and
health care providersrecruited from asingle pediatric CF center
in the United States. The perspectives of this convenience
sample may not be representative of all CF centersor geographic
areas in the country. However, as CF disease management and
care delivery are highly protocolized across the network of
accredited CF centers, vast differences between CF stakehol ders
from other centers and regions are unlikely. In addition, focus
group participants had an opportunity to usethe app only during
focus group discussions, which may have limited the scope and
depth of their experience and feedback. Finaly, the project did
not address data mapping of patient-generated health data to
interoperable standards to integrate Genia-collected
patient-generated health datain the electronic health record, a
step that will be addressed in a future study phase.

Future Directions

A currently ongoing pilot clinical trial (NCT03910881) assesses
whether the use of Genia over 6 months enhances

Rutland et al

patient-centered care (shared decision making, patient activation,
patient satisfaction, and patient self-efficacy) and improves
patient-reported outcomes (symptom scales and quality-of-life
domains of the Cystic Fibrosis Questionnaire-Revised [43]). A
randomized clinical trial will evaluate the impact of Genia on
respiratory and nutritional outcomes. Informed by the model of
health care service coproduction [5], these study phases are
predicated on the hypotheses that (1) use of patient-generated
health data will affect providers actions, which will have
downstream benefits, and (2) use of patient-generated health
data will affect patients disease management behaviors and
interaction with the health system.

Conclusions

mHealth offers new opportunities to support self-management
of CF, facilitate patient-physician communication, and promote
coproduction of care. Broad and successful uptake of mHealth
solutions in CF care requires careful consideration of patient
and family perspectives and active involvement of CF clinical
teams.
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Abstract

Background: Anxiety isan extremely prevalent condition, and yet, it has received notably less attention than depression and
other mental health conditions from a research, clinical, and public health perspective. The COVID-19 pandemic has only
exacerbated growing concerns about the burden of anxiety due to the confluence of physical health risks, economic stressors,
social isolation, and general disruption of daily activities.

Objective: This study examines differences in anxiety outcomes by care modality (coaching, teletherapy and telepsychiatry,
and combined care) within an on-demand mental health system. We also explore the association between levels of engagement
within each care modality and odds of improvement in symptoms of anxiety.

Methods: We conducted a retrospective observational study of individuals who accessed Ginger, an on-demand mental health
system. Data were collected from 1611 Ginger members between January 1, 2018, and December 31, 2019. We used logistic
regression to assess the association between care modality and improvement in anxiety symptoms. Within each modality, we
assessed the association between level of engagement and improvement.

Results:  Of 1611 Ginger members, 761 (47.0%) experienced a decrease in anxiety symptoms, as measured by a change from
a positive to a negative 2-item Generalized Anxiety Disorder (GAD-2) screen. Among members who still screened positive at
follow-up (865/1611, 53%), atotal of 192 members (11.9%) experienced aclinically significant scorereductioninthefull GAD-7
(ie, ascore reduction of >5 points), even though their GAD-2 scores were still positive. All modalities showed increased odds of
improvement compared to those who were not engaged with coaching or clinical services (“app-only”). Higher GAD-7 intake
scores were also associated with decreased odds of improvement.

Conclusions: This study found increased odds of anxiety improvement for all care modalities compared to those who did not
engagein care, with larger effect sizesfor higher utilization within al care modalities. Additionally, thereisapromising observation
that those engaged in combined care (teletherapy and text-based coaching) had the greatest odds of anxiety improvement. Future
directions include more detailed classifications of utilization patterns and an exploration of explanations and solutions for
lower-utilization members.

(IMIR Form Res 2021;5(1):€24662) doi:10.2196/24662
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Introduction

Background

Anxiety disorders, including generalized anxiety disorder, panic
disorder, and various phobia-related disorders, are prevalent
mental health conditionsin the United States and globally; large
population surveys have shown that about one-third of
individuals are affected by an anxiety disorder during their
lifetimes[1]. In 2010, anxiety disorders were the sixth leading
cause of disability in high-income and low- and middle-income
countries [2]. Despite these far-reaching effects, anxiety has
received notably less attention than depression from aresearch,
clinical, and public health perspective and often goes unreported
or untreated [3,4]. A study by the World Health Organization
(WHO) found that only a fifth (20.6%) of participants with an
anxiety disorder sought help from health care services, and of
those individualswho sought help, 23.2% received no treatment
at al [1]. Similarly, in the United States, anxiety disorders are
the most common mental health condition, but a large portion
of those affected (36.9%) are estimated to go untreated [5].

The COVID-19 pandemic has only exacerbated growing
concerns about the burden of anxiety due to the confluence of
physical health risks, economic stressors, socia isolation, and
general disruption of daily activities[6]. A preprint showed that
as of April 2020, 1 out of 4 US adults meet the criteria for
serious mental distress, 8 times more than a demographically
similar samplefrom 2018 [7]. Datafrom the Centersfor Disease
Control and Prevention (CDC) show an increasing percentage
of adults experiencing symptoms of anxiety disorder since early
April; approximately 35% of adults reported symptoms of
anxiety in July 2020 compared to 8.2% in January 2019 to June
2019 [8].

Treatment

Various treatment options have been shown to be effective for
anxiety, including psychotherapy and medication [9].
Psychotherapy techniquesinclude Cognitive Behaviora Therapy
(CBT), which teaches people different ways of thinking,
behaving, and reacting to anxiety-producing objects and
situations. These evidence-based treatments have been
effectively delivered as telemedicine offerings, with several
systematic reviews indicating that treatment delivered in this
manner increases access and reach to care [10-12]. Other
benefits of tel etherapy include more convenient access, reduced
stigma, and greater scalability compared with traditional
in-person therapy [13]. Beyond teletherapy, there is aso
evidence that smartphone interventions can reduce anxiety
symptoms|[12]. Given the current environment with COVID-19,
the ability to reach peoplein need with virtual careis critical.

Health coaching has also emerged as a potential solution to
overcoming traditional shortages of specialist mental health
providers. Specific to mental health and anxiety, coaching can
work similarly to psychotherapy in addressing symptoms
through positive psychology, mindfulness, motivational
interviewing, strength, and solution-oriented focuses, among
other techniques[14]. A systematic review concluded that health
coaching could motivate change in the lifestyle behavior of
patients with chronic illness, leading to improvements in both
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physical and mental health status [15]. Recent studies focused
on text-based coaching interventions have shown significant
improvementsin mental health outcomes equivalent to treatment
as usual, namely, in-person and telephone counseling [16,17].
Because there can be significant heterogeneity in these types
of interventions, researchers and clinicians have published
guidance on developing protocols for text-based coaching in
digital mental health interventions [17].

Study Objectives

There is an established evidence base for anxiety treatments.
However, there is a need to understand what is happening “in
thewild” versusin controlled settingsto understand if members
are achieving expected outcomes, to further our understanding
of how evidence-based interventions are implemented within
new care delivery models, and to potentially uncover new areas
for future study [18-20]. Thus, this study examines differences
in anxiety outcomes by care modality (coaching, teletherapy
and telepsychiatry, and combined care) within an on-demand
mental health system. We al so explore the association between
levels of engagement within each care modality and odds of
improvement in symptoms of anxiety. We hypothesize that
those engaged in multiple modalitieswill show greater odds of
improvement compared to those engaged in a single care
modality, and that within each care modality, more consistent
and regular engagement will be associated with greater odds of
improvement.

Methods

Overview

This is a retrospective observational study of individuals who
accessed Ginger, an on-demand mental health system. Data
were collected from members of Ginger between January 1,
2018, and December 31, 2019. This time period was chosen
becauseit reflects the approximate timing of when Ginger began
to provide care to members via its employer business.

Participants

Study participants have access to the Ginger system as part of
their employer or health plan benefits. Internal clinical protocols
include the following exclusionary criteria where self-directed
telehealth islikely not appropriate and where more specialized
and urgent psychiatric services are required: (1) active suicidal
ideation; (2) active high-risk self-harm behavior; (3) 2 or more
hospitalizations within the past 6 months, or 1 hospitalization
in the past month for psychiatric reasons; (4) certain symptoms
of psychosis that are poorly managed (eg, member is not
medication compliant or symptoms are unresponsive to
treatment) and are likely incompatible with telehealth; (5) a
primary diagnosis of a substance use disorder, or
moderate-to-severe substance abuse issues, due to the high
complexity, severity, and risk frequently associated with such
members, as well as the need for specialized care; (6) active
eating disorders with symptoms considered to be high risk; (7)
ongoing grave disability, including certain patients who are
bipolar with active mania’hypomania or mixed episodes who
are unmedicated or who have poor compliance with amedication
regimen over time; (8) 2 or more medical hospitalizations in
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thelast month, dueto the high likelihood that the individual has
a poorly controlled medical condition that requires close
monitoring.

For this study, we included Ginger users aged 18 years or older
who downloaded the app during the study data collection period
and screened positive for anxiety on the 2-item Generalized
Anxiety Disorder (GAD-2) intake survey.

Procedures

The Ginger System

Ginger provides members with access to behaviora health
coaching, teletherapy, telepsychiatry, and self-guided content
and assessments, primarily via a mobile app platform. After
downloading the mobile app, users are ableto start texting with
a behavioral health coach within minutes of requesting to
connect. Ginger coaches are full-time employees who have an
advanced degree in a field related to mental health or have
accredited coach certification [21,22]. While many users are
solely engaged with text-based coaching services, some will
reguest or require escalation to clinical services (teletherapy or
telepsychiatry), depending on preference or clinical severity.
Examples of situationsthat require escaation includeindividuals
with chronic mental illness and severe trauma, the potential to
harm oneself or others, and significant mental instability
(hallucinations, delusions, extreme mood swings, etc). When
members are escalated to therapy or psychiatry, they may
continue working with a coach, provided that they also seek
additional specialized care concurrently. Coaching can continue
supporting them in addressing day-to-day goals and challenges
and act as an adjunct to the care plan put in place by their
therapist or psychiatrist [23].

Data Collection

Ginger usesthe 2-item and 7-item Generalized Anxiety Disorder
guestionnaires (GAD-2 and GAD-7) to assess and track anxiety,
both of which have been validated and shown to have good
operating characteristics for al anxiety disorders [24].
Additionally, the GAD-2 has been shown to be sensitive to
treatment change and, thus, an efficient measure of treatment
progress and outcomes [25].

Thereisno strict guidance on administration protocol; however,
an accepted approach isto use the GAD-2 (thefirst 2 questions
of the GAD-7) to screen for anxiety disordersin clinical practice,
followed by theremaining 5 items of thefull GAD-7 for patients
who receive positive results on screening with the first 2 items
[3]. Ginger users are prompted to answer the GAD-2
guestionnaire through the platform interface when they begin
using the Ginger app. Individuals that score a 2 or above for
either question are then prompted to complete the full GAD-7.
Ginger administersthe survey every 2 weeksto userswho screen
positive and every 3 months for users who screen negative to
monitor symptom response and assess if additional care is
warranted. Survey completion is not required so as not to
withhold support from members who decline to answer the
guestionsbut are still interested in accessing the Ginger services.
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M easures

Anxiety Symptoms

Symptom improvement is assessed using the GAD-2. For the
purpose of this study, we defined improvement as individuals
who experienced a change from a positive screen to a negative
screen at follow-up. A negative screen was defined asaresponse
score for each question of lessthan 2 (ie, aresponse of “not at
al” or “several days’). A positive screen was defined as a
response score for either question of 2 or greater (ie, aresponse
of “more than half the days’ or “nearly every day”). Thus, this
improvement can be interpreted as an individual’'s reduced
frequency of reporting key anxiety symptoms (“feeling nervous,
anxious, or on edge” or “not being able to stop or control
worrying”); more specifically, it reflects a change in
experiencing these symptoms for more than half the days or
nearly every day to not experiencing them at al or for only
several days over the past 2 weeks. Asasecondary analysisfor
users who screened positive at follow-up and completed a full
GAD-7 survey, we also looked at a clinicaly significant
reduction in score, defined as a score reduction of >5 points
[26-29].

Utilization

We calculated utilization based on product user behavior data,
including the number of coaching sessions and messages,
number of clinical (therapy and psychiatry) appointments
completed, and length of time engaged. Prior studies have

similarly used these metricson virtual interactions as utilization
measures [29-31].

We categorized utilization levels based on Ginger clinical
protocols, external guidelines, and supporting literature. In
general, atypical treatment period consists of 8-12 weeks, with
weekly interactionsto check in on progress. However, there are
certain situationsin which the duration of treatment is modified
(either extended or shortened) based on member-specific
circumstances (clinical presentation, covered sessions, the
goodness of fit between clinician and member, and life
circumstances), which is consistent with recommendationsfrom
the literature [17,32]. For example, Ginger clinical protocols
state that maintenance and termination can be considered if
there is aresponse by 4-8 weeks. As Ginger members achieve
improvements in their GAD scores, they could be moved to a
lower level of intervention to ensure therapists are working at
the “top of their license” and the system is efficiently using
scarce clinical resources. Additionally, some serious and
persistent mental illnesses require ongoing and chronic
medi cation management and, thus, alonger treatment duration.

Care Modality

Our first set of models assesses the association between care
modality and improvement. We considered 5 categories of
members:. (1) only accessed the Ginger app, (2) interacted with
a coach or clinician but did not meet a minimum threshold for
engagement, (3) only interacted with abehavioral health coach
via text, (4) only interacted with a clinician (therapist or
psychiatrist) via video, (5) interacted with both a behavioral
health coach and clinician. Table 1 summarizes care modality
categorization and rationale.
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Category Definition

Rationale

App only <14 messages sent to coach and O clinical sessions

Minimal care utilization <4 weeks of coaching, or the average days between inter-
actionsis 14 days, and <2 clinical sessions

Coaching >4 weeks of coaching, and average days between interac-
tionsis<14 days

Clinical >2 clinical visits

Combined >4 weeks of coaching, and average days between interac-
tionsis<14 days, and =2 clinical sessions

These are memberswho have not attended aclinical
session or completed a full coaching interaction.
The 14-message threshold is based on internal
analyses of what constitutes a“typical” intake
coaching session.

These are memberswho have completed acoaching
or clinical session but received minimal therapeutic
intervention based on their length of engagement.
For coaching, it is not uncommon for an initial
consultation to take place over multiple sessions
and weeks.

Coaches work to get members on aweekly sched-
ule. Prior to 4 weeks of engagement, members are
unlikely to achieve ameaningful reductionin
symptoms.

Thefirst clinical sessionisgenerally considered an
“information gathering” intake session. Members
generally begin receiving activeintervention during
their second session.

These are members who are engaged with both a
coach and clinician, meeting the criteriafor both
coaching and clinical engagement.

Coaching Utilization

categories based on both the length and the frequency of their
interaction (Textbox 1). In general, this categorization alows

In our coaching-only analyses, we considered members who  ys to understand associations by months of engagement, from
had exchanged at least 14 messages with a coach and created  |ess than amonth (“minimal”) to more than 3 months (“high”).
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Textbox 1. Categorizations for different care modality utilization.
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Coaching utilization:

e Minimal:

less than 4 weeks, or the average days between interactions is greater than 14 days

e Low:

4-8 weeks, with average days between interactions <15 days
«  Medium:

9-12 weeks, with average days between interactions <15 days
. High:

13+ weeks, with average days between interactions <15 days

Clinical utilization:

e Minimal:
1 session
« Low:
2-6 sessions
o« Medium:
7-12 sessions
« High:
13+ sessions

Combined (coaching + clinical) utilization:

e Minimal:
total score=0
. Low:

total score=1-3
«  Medium:

total score=4-5
. High:

total score=6

Clinical Utilization

In our clinical-only analyses, we created 4 categories based on
the member’s number of sessions (Textbox 1). We decided on
these cutpoints because thefirst session isgenerally considered
an intake session, with minimal therapeutic intervention, and
since many commercia contracts and Employee Assistance
Programs (EAPs) cover up to 6 sessions, this categorization
allows us to understand differences in outcomes for those who
are on either side of this cutpoint. Finaly, 12 sessions is
generally considered the upper limit for the recommended course
of treatment, although sessions may be extended for seriousand
persistent mental illnesses that require ongoing and chronic
medi cation management.

Combined (Coaching + Clinical) Utilization

In our coaching with clinical care (combined) analyses, we
considered both a member’s coaching and clinical utilization
level to calculate an overall utilization level. Based on the

http://formative.,jmir.org/2021/1/e24662/

coaching-only and clinical-only model specifications, we
assigned the following values to calculate both a coach and
clinica score: minima=0, low=1, medium=2, and high=3.
Finally, we calculated atotal score (coach score + clinical score)
to categorize combined coaching and clinical utilization
(Textbox 1).

Data Management and Analysis

Datafor this study were processed using Looker (Looker Data
Sciences Inc), a business intelligence and data analytics
platform. Data were analyzed in Python and exported to
spreadsheets for final analysis and review. We first looked at
descriptive statistics of our measures for users who completed
GAD questionnaires, segmented by individual swho experienced
an improvement versus those who did not. We performed
chi-sguare tests for categorical variables, t tests for continuous
variables, and Mood median tests for medians to assess
differences in characteristics between those who improved
versus those who did not.
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Given the binary nature of our dependent outcome variable
(“improved” vs*“did not improve”), we used logistic regression
modeling, a common statistical method for quantifying the
relationship between various factors and a binary clinical
outcome (ie, dependent variable). Our data further meet the
assumptions of logistic regression, including independent
observations and little or no multicollinearity among the
independent variables[33]. Our first set of models assessed the
association between care modality and improvement in anxiety
symptoms. We assessed the association between level of
engagement and improvement within each modality, and we
adjusted for baseline anxiety score with the reference group
denoted as the “app-only” group (ie, those not engaged with a
coach or clinician) as this is the lowest intensity intervention
of all options. For each model, we also caculated the
Hosmer-L emeshow goodness-of-fit statistic [34].

Ethics Statement

Thisis a secondary analysis of pre-existing de-identified data.
The study team does not have access to participant identifying
information and does not intend to recontact participants.
Ginger’s research protocols and supporting policies have been
reviewed and approved by Advarra’ sinstitutional review board
in accordance with the US Department of Health and Human
Servicesregulations at 45 CFR 46 [35].

Results

Participant Demographics and Characteristics

Based on our inclusion criteria, 4369 individuals were eligible
for this study. Of users who screened positive for anxiety, 1611
users (36.9%) completed a follow-up survey at least 14 days
after intake and were included in our analysis.

http://formative.,jmir.org/2021/1/e24662/
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Table 2 shows descriptive characteristics of Ginger platform
users, categorized by individuals who experienced achangein
GAD screen (ie, from a positive screen to a negative follow-up
screen) and those who did not (positive follow-up screen). A
total of 1611 individualsinitially screened GAD-2 positive for
anxiety symptoms, completed a full GAD-7, completed a
follow-up screen, and were included in this analysis. Of these
1611 individuas, 756 (46.9%) experienced adecreasein anxiety
symptoms as measured by achange from apositiveto anegative
GAD-2 screen. Among members who still screened positive at
follow-up (855/1611, 53.1%), atotal of 192 members (11.9%)
experienced a clinically significant score reduction in the full
GAD-7 (ie, a score reduction of 5 points), even though their
GAD-2 scores were still positive.

Gender and age data were missing for a large portion of the
sample, as this is optional information provided in employer
eigibility files. For those users who had reported gender
(560/1611, 34.5%), 371 (66.3%) were female and 187 (33.3%)
were male. For those users who had available date of birth
information (996/1611, 61.8%), 131 (13.2%) were 18-24 years
of age, 522 (52.4%) were 25-34 years of age, 220 (22.1%) were
35-44 years of age, 121 (12.1%) were 45-64 years of age, and
2 (0.2%) were 65 years of age or older.

In addition to demographics, Table 2 a so reports care modality,
levels of utilization, satisfaction scores, and clinical [Patient
Health Questionnaire (PHQ) and GAD] intake scores for those
who screened negative at follow-up and those who screened
positive at follow-up. Compared to those who screened positive
at follow-up, those who screened negative at follow-up (ie,
“improved”) weresignificantly lesslikely to have only engaged
with the app or have minimal care utilization. They also tended
to have higher levels of utilization within each modality and
lower levels of anxiety at intake.
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Table 2. Characteristics of the study cohort (n=1611).

Characteristic All participants Negative follow-up screen (n=756) Positive follow-up screen (n=855) P value
(N=1611)

Intakeyear, n (%) 49
2018 581 (36.06) 266 (35.19) 315 (36.84)
2019 1030 (63.94) 490 (64.81) 540 (63.16)

Gender, n (%) .26
Female 371(23.03) 174 (23.02) 197 (23.04)
Male 187 (11.61) 98 (12.96) 89 (10.41)
Other 2(0.12) 2(0.26) 0 (0.00)
No response 1051 (65.24) 482 (63.76) 569 (66.55)

Ageinyears, n (%) .36
18-24 131 (8.13) 57 (7.54) 74 (8.65)
25-34 522 (32.40) 263 (34.79) 259 (30.29)
35-44 220 (13.66) 102 (13.49) 118 (13.80)
45-64 121 (7.51) 57 (7.54) 64 (7.49)
265 2(0.12) 2(0.26) 0 (0.00)
No response 615 (38.18) 275 (36.38) 340 (39.77)

Caremodality, n (%) <.001
App only 144 (8.94) 50 (6.61) 94 (10.99)
Minimal care utilization 625 (38.80) 271 (35.85) 354 (41.40)
Coaching only 366 (22.72) 183 (24.21) 183 (21.40)
Clinical only 385 (23.90) 197 (26.06) 188 (21.99)
Combined (coaching + clini- 91 (5.65) 55 (7.28) 36 (4.21)
ca)

Engagement, median (IQR)
Coaching sessions 3(2-7) 4(2-8) 3(2-6) .01
Coaching messages 54 (21-127) 62 (26-161) 48 (18-105) .003
Clinical appointments 6(3-12) 7(3-13) 5(2-11) .003
Therapy appointments 6 (2.5-11) 6 (3-12.75) 5(2-10) .06
Psychiatry appointments 3(2-5) 2 (1.25-4.75) 3(2-5) .30
Da_ysfrom intaketolastinter- 56 (28-105) 70 (29-126) 43 (16-98) <.001
action

Member satisfaction, mean (SD)

Coach star rating 4.60 (0.68) 4.64 (0.62) 4,55 (0.73) 04
Clinical star rating 4.75 (0.66) 4.80 (0.61) 4.70 (0.70) 14

GAD?intake, n (%) <.001
0-4: minimal anxiety 4(0.25) 3(0.40) 1(0.12)
5-9: mild anxiety 226 (14.03) 134 (17.72) 92 (10.76)
10-14: moderate anxiety 705 (43.76) 367 (48.54) 338 (39.53)
15-21: severe anxiety 676 (41.96) 252 (33.33) 424 (49.59)

PHQP intake, n (%) <.001
Negative screen 680 (42.21) 348 (46.03) 332(38.83)
0-4 minimal or none 3(0.19) 2(0.26) 1(0.12)
5-9 mild 58 (3.60) 35 (4.63) 23 (2.69)
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Characteristic All participants Negative follow-up screen (n=756) Positive follow-up screen (n=855) P value
(N=1611)
10-14 moderate 305 (18.93) 155 (20.50) 150 (17.54)
15-19 moderately severe 333(20.67) 133 (17.59) 200 (23.39)
20-27 severe 232 (14.40) 83(10.98) 149 (17.43)

3GAD: Generalized Anxiety Disorder.
bPHQ: Patient Health Questionnaire.

Table 3 reports the results of our primary model examining the
association between care modality and anxiety symptom
improvements. All modalities (coaching, clinical, combined)
showed increased odds of improvement compared to those who

Table 3. Associations between care modality and improvement (n=1611).

were not engaged with coaching or clinical services (“app
only”). A higher GAD-7 intake score was also associated with
decreased odds of improvement.

Modality Model 1
Odds ratio® 95% Cl

App only N/AP N/A
Minimal care utilization 145 0.98-2.12
Coaching only 1.90 1.27-2.86
Clinica 197 1.32-2.96
Combined 3.26 1.87-5.68
GAD-7 intake score 0.90 0.88-0.92

80dds ratio obtained by exponentiation of the regression coefficients.
BN/A: not applicable.

A Hosmer-Lemeshow test failed to reject the null hypothesis,
indicating goodness of fit, X? (8, N=1611)=8.9, P=.35.

These results are shown graphically as probability of anxiety
improvement by care modality and levels of intake severity in

http://formative.,jmir.org/2021/1/e24662/

RenderX

Figure 1. For al figures, shapes represent the expected mean
probability of improvement by modality and intake severity;
lines represent the corresponding 95% confidence interval.
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Figure 1. Probability of anxiety improvement by care modality and level of intake severity. Shapes represent the expected mean probability of
improvement by modality and intake severity; lines represent the corresponding 95% confidence interval.
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Table 4 reports outputsfor the model examining the association
between utilization and anxiety symptom improvement for the
text-based coaching-only cohort. Compared to the
minimal-utilization reference group (those who sent less than
14 messages to a coach, engaged less than 4 weeks, or the
average days between interactions were greater than 14 days),
only the high-utilization group had significantly increased odds

of improvement. This association remained after adjustment
for baseline severity (GAD-7 intake score).

A Hosmer-Lemeshow test failed to reject the null hypothesis,
indicating goodness of fit, X2 (8, N=1080)=9.14, P=.33.

These results are shown graphically as probability of anxiety
improvement by coaching utilization and intake severity in
Figure 2.

Table 4. Associations between utilization and improvement among the text-based coaching-only cohort (n=936).

Modality Model 2
Odds ratio® 95% Cl

App Only N/AP N/A
Minimal 150 1.02-2.21
Low 157 0.98-2.52
Medium 1.63 0.87-3.08
High 2.70 1.65-4.41
GAD-7 intake score 0.89 0.87-0.92

80dds ratio obtained by exponentiation of the regression coefficients.
BN/A: not applicable.
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Figure 2. Probability of anxiety improvement by utilization and intake severity among the text-based coaching-only cohort (n=936). Shapes represent
the expected mean probability of improvement by modality and intake severity; lines represent the corresponding 95% confidence interval.
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- reference group (those who only attended 1 therapy session),
Clinical-Only Cohort those in the low, medium, and high utilization categories had
Table5 reports outputs for the model examining theassociation  jncreased odds of improvement, with odds ratios increasing
between utilization and anxiety symptom improvement for the  ordinally with each category. After adjusting for GAD-7 intake
clinical-only cohort. Compared to the minimal-utilization  score, only the high utilization coefficient remained significant.

Table 5. Associations between clinical utilization and improvement among the clinical-only cohort (n=205).

Modeality Model 3
Odds ratio® 95% Cl

App Only N/AP N/A
Minimal (1 session) 0.75 0.29-1.92
Low (2-6 sessions) 191 1.13-321
Medium (7-12 sessions) 2.24 1.04-4.83
High (=13 sessions) 2.30 1.07-4.93
GAD-7 intake score 0.90 0.85-0.96

80dds ratio obtained by exponentiation of the regression coefficients.
BN/A: not applicable.

A Hosmer-Lemeshow test failed to reject the null hypothesis, These results are shown graphically as probability of anxiety

indicating goodness of fit, X? (8, N=349)=6.44, P=.50. improvement by clinical utilization and intake severity in Figure
3.
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Figure 3. Probability of anxiety improvement by clinical utilization and intake severity among the clinical-only cohort (n=205). Shapes represent the
expected mean probability of improvement by modality and intake severity; lines represent the corresponding 95% confidence interval .
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Finally, Table 6 reports outputs for the model examining the
association between utilization and anxiety symptom
improvement for individuals engaged in both coaching and
clinical services. Compared to the low-utilization group, there
were significantly increased odds of improvement for the high
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utilization group but not for the low- and medium-utilization
group.

A Hosmer-Lemeshow test failed to reject the null hypothesis,
indicating goodness of fit, X? (8, N=470)=7.11, P=.53.

These results are shown graphically as probability of anxiety

improvement by coaching and clinical utilization and intake
severity in Figure 4.

Table 6. Associations between utilization and improvement among the combined-care cohort (n=326).

Modeality Model 4

Odds ratio? 95% Cl
App Only N/AP N/A
Minimal 115 0.44-2.99
Low 1.87 1.22-2.87
Medium 3.76 1.79-7.89
High 4.85 1.6-14.7
GAD-7 intake score 0.93 0.88-0.97

30dds ratio obtained by exponentiation of the regression coefficients.
BN/A: not applicable.
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Figure4. Probability of anxiety improvement by utilization and intake severity among the combined-care cohort (n=326). Shapes represent the expected
mean probability of improvement by modality and intake severity; lines represent the corresponding 95% confidence interval.
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Discussion

Principal Findings

In this study, we examined differencesin anxiety outcomes by
care modality—coaching, clinica (teletherapy and
telepsychiatry), and combined (coaching and clinical)
care—within an on-demand mental health system, as well as
the association between levels of utilization within each care
modality and improvement in anxiety symptoms. Our primary
model examining the association between improvement and
care modality found increased odds of improvement for al care
modalities compared to the reference group (those who did not
engage in any coaching or clinical services). This aligns with
existing literature that finds that most forms of treatment are
better than nothing, further highlighting the need to get even
low-intensity treatments to individuals who need help. Our
outcomes are also in line with prior observational research
estimating GAD recovery rates of 30%-60%, depending on
treatment and individual characteristics [36,37].

We aso found the largest effect size for the combined-care
(coaching and clinical) group, suggesting that engaging in
multiple levels of care might be more effective for treating
anxiety. More specifically, coaching might provide an added
benefit of longitudinal support toward goals between episodic
clinical visits. Thisisanovel finding given the limited research
focused on text-based coaching and thisform of combined care.
It also suggests that more intensive forms of digital mental
health services appear to contribute to greater improvement in
outcomes, which isimportant for considering the scalability of
these programs. It is important to note that a relatively small
percentage of our study cohort was engaged in combined care,
suggesting a need to promote this modality more broadly.

http://formative.,jmir.org/2021/1/e24662/
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Our data suggest that while all treatment modalities appeared
to offer comparable benefits in managing anxiety, the largest
effects were observed among those who engaged in services
for at least 13 weeks of care. This mirrors data from clinical
trials of in-person care for anxiety, where the largest effectsare
for those who receive more frequent sessions. This is also
consistent with most evidence-based protocols of 8-12 sessions,
asthese sessions are not always completed at aweekly cadence

[17].

Strengths of this study include the real-world setting and
relatively large sample size, which allow usto observe varying
levels of digital mental health support for anxiety among
individuals seeking carefor their mental concerns. Whilelimited
in several ways, thisdesign hasan important benefit in not being
constrained by the strict requirements for controlled clinical
trials. Additionally, due to the virtual nature of the system, we
have detailed data.on coaching utilization (eg, messaging volume
and frequency) that likely would not exist for in-person care
settings, and the ability to compare multiple modalities of care.
This study is also novel inits ability to analyze datafor people
engaged in multiple modalities of care (ie, teletherapy and
text-based coaching).

Limitations

There are severa limitations to this study. As our dataset is
limited to people who completed surveys, our results are not
necessarily generalizable to al members (ie, those who drop
off or do not complete surveys). Furthermore, our results cannot
generalizeto individualswho do not have accessto this system.
Wedl so had arelatively large amount of missing datafor gender
and age, which limited our ability to stratify analyses by key
demographics. Due to the survey design of this system and
efforts to maintain anonymity and protect the privacy of
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members, wewere unable to study race/ethnicity, socioeconomic
status, living situation, history of trauma or other mental
illnesses, and other factorsthat could affect treatment response.
However, because the Ginger platform is offered through
employers, we know that the survey respondents are
working-age adults, suggesting that these findings may
generalize to the professional workforce and those enrolled in
health benefits through their employer.

Another potential limitation is that we had to rely on GAD-2
rather than GAD-7 to assess anxiety symptom improvement.
This is due to the survey system design, which aims to avoid
response burnout among users. Thislimits our ability to assess
certain anxiety symptoms; however, GAD-2 represents 2 core
anxiety symptoms and has been shown to have good sensitivity
and specificity in the diagnosis of the most common anxiety
disorders[4].

It is aso important to note that we are likely underestimating
the number of individuals who experienced a clinically
meaningful improvement in their anxiety symptoms, as some
members screened positive at follow-up (and those were not
classified as “improved” in our models) but experienced a
reduction in GAD-7 score. If weincludethe commonly accepted
definition of a 5-point reduction in score, an additional 11.9%
(192/1617) of the cohort would be classified as “improved.”
Finally, welack acontrol group to understand what would have
happened in the absence of Ginger and to attribute causality,
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although we are able to understand these associations relative
to defined reference groups.

This study segues into many directions of future research. We
can build upon our understanding of these associations by
increasing the collection of demographic data to enhance our
understanding of member utilization patterns and user personas,
and by adding content analysis of coaching messages. For
example, we might consider looking more specifically and in
greater depth at the frequency and intensity of coaching
utilization and different patterns of coaching and clinical
utilization (sequential vs concurrent). Additionally, we plan to
explore how the different treatment modalities contribute to
improved outcomes, digging into the “mechanism of action” to
better understand how to replicate aspects of the platform that
work well to support the larger rollout of these servicesto users.

Conclusion

This study found increased odds of anxiety improvement for
all care modalities compared to those who did not engage in
care, with larger effect sizesfor higher utilization within all care
modalities. Additionally, there is a promising observation that
those engaged in combined care (teletherapy and text-based
coaching) havethe greatest odds of anxiety improvement. Future
directions include more detailed classifications of utilization
patterns and exploring explanations and solutions for lower
utilization members.
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Abstract

Background: Prolonged sedentary behavior isrelated to anumber of risk factorsfor chronic diseases. Given the high prevalence
of sedentary behavior in daily life, smple yet practical solutions for behavior change are needed to avoid detrimental health
effects.

Objective: The mobile app SedVis was developed based on the health action process approach. The app provides personal
mobility pattern visualization (for both physical activity and sedentary behavior) and action planning for sedentary behavior
change. The primary aim of the study is to investigate the effect of mobility pattern visualization on users' action planning for
changing their sedentary behavior. The secondary aim isto evaluate user engagement with the visualization and user experience
of the app.

Methods: A 3-week user study was conducted with 16 participants who had the motivation to reduce their sedentary behavior.
Participants were allocated to either an active control group (n=8) or an intervention group (n=8). In the 1-week baseline period,
none of the participants had access to the functionsin the app. In the following 2-week intervention period, only the intervention
group was given access to the visualizations, whereas both groups were asked to make action plans every day and reduce their
sedentary behavior. Participants’ sedentary behavior was estimated based on the sensor data of their smartphones, and their action
plans and interaction with the app were also recorded by the app. Participants’ intention to change their sedentary behavior and
user experience of the app were assessed using questionnaires.

Results: The datawere analyzed using both traditional null hypothesis significance testing (NHST) and Bayesian statistics. The
results suggested that the visualizationsin SedVis had no effect on the participants’ action planning according to both the NHST
and Bayesian statistics. The intervention involving visualizations and action planning in SedVis had a positive effect on reducing
participants’ sedentary hours, with weak evidence according to Bayesian statistics (Bayes factor, BF,;=1.92; median 0.52; 95%
Cl 0.04-1.25), whereas no change in sedentary time was more likely in the active control condition (BF,,=0.28; median 0.18;

95% CI 0.01-0.64). Furthermore, Bayesian analysis weakly suggested that the more frequently the users checked the app, the
more likely they were to reduce their sedentary behavior (BF_y=1.49; r=-0.50).

Conclusions:  Using a smartphone app to collect data on users mobility patterns and provide real-time feedback using
visualizations may be a promising method to induce changesin sedentary behavior and may be more effective than action planning
alone. Replications with larger samples are needed to confirm these findings.

(IMIR Form Res 2021;5(1):€15369) doi:10.2196/15369
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Introduction

Background

Sedentary behavior refersto any waking behavior characterized
by an energy expenditure <1.5 metabolic equivalents while in
a sitting, reclining, or lying posture [1,2]. Studies have shown
evidence of the detrimental effects of prolonged sedentary
behavior, which is ubiquitous in daily life, especially when at
work. For instance, astudy [3] tracking 425 adultsfor 10 years
(2002-2004 to 2012-2014) showed that a greater increase in
sedentary behavior was associated with detrimental changesin
cardiometabolic risk factors, such as waist circumference,
high-density lipoprotein cholesterol, and triglycerides,
independent of the change in moderate-to-vigorous physical
activity. In other words, exercising after sitting for a prolonged
time while at work might not reduce the health risk caused by
prolonged sitting. Moreover, a study [4] involving 168
participantsin Australia showed that the total number of breaks
in sedentary time was associated with improved health
parameters, such as significantly lower waist circumference,
BMI, triglycerides, and 2-hour plasma glucose. Consequently,
several governments (eg, Australia [5] and Canada [6]) have
released guidelines to specifically reduce peopl€e's sedentary
behavior for improved health. For example, people with a
sedentary lifestyle could introduce light physical activity (eg,
short walking) throughout the day to reduce the risk of many
chronic diseases.

The high prevalence of sedentary activities in daily life leads
to a stronger habit of sedentary behavior [7], that is, a high
degree of automaticity owing to frequent repetition in a stable
context [8], which makesit difficult to change in the long term
[9]. Interventions are, therefore, needed to support individuals
to reduce their sedentary time. In their review, Chu et a [10]
divided intervention strategies for reducing sedentary behavior
into 3 categories: (1) educational or behavioral (eg, goal setting,
action planning, and self-monitoring), (2) environmental changes
(eg, sit-stand workstation and treadmill desk), and (3)
multi-component (eg, sit-stand workstation plus goal setting).
Environmental and multi-component interventions might require
policy support and additional facilities, which might hinder their
immediate application on alarger scale. Therefore, ssimple yet
practical solutions are needed.

Mobile devices, including smartphones and wearables (eg,
smartwatches and fitness wristbands), might be useful platforms
for sedentary behavior interventions. First, the prevalence of
both smartphone and wearable device ownership isincreasing
globally [11]. As smartphones include sensors that alow for
the collection of physical activity data[12], smartphone owners
do not need additiona devices to collect data and receive
interventions, thus making the solution simple to deliver and
practical to use. Second, interest in mobile apps targeting
lifestyle behaviors such as physical inactivity is high [13].
Accordingly, research on digital solutionsfor the promotion of
physical activity and the reduction of sedentary behavior is

http://formative.,jmir.org/2021/1/e15369/

increasing [14]. However, compared with the number of apps
targeting physical activity, there are only afew apps specifically
targeting sedentary behavior [15]. Moreover, as previousreviews
noted, both commercially available apps and apps devel oped
for research are often not grounded in theory, which might limit
their effectiveness[16]. This study, therefore, sought to develop
amobile app for sedentary behavior change that is grounded in
behavioral theory. Specifically, it sought to integrate the
parameters of action planning and the visualization of users
sedentary behavior patternsto better support sedentary behavior
change.

Action Planning for Sedentary Behavior Change

Wang et a [17] recently proposed a holistic framework for
developing digital health behavior interventions, drawing from
severa classic theories of health behavior changein psychology,
such as social-cognitive theory [18,19] and the health action
process approach (HAPA; Figure 1) [18). The latter theory is
especialy important for the design of health behavior
interventions as it bridges the intention-behavior gap through
action planning [20]. Several meta-analyses have shown that
action planning is positively related to goal attainment and
health behavior change [21-23] and thus might be an effective
behavior change technique. Accordingly, action planning was
included in the taxonomy of behavior change techniques [24].
An action plan combines specific situation parameters (when
and where) and a sequence of actions (how) for atarget behavior
[25]. Inthisvein, it is suggested that behavior will be triggered
automatically when encountering specific situations [26].

Although action planning is an effective behavior change
technique, there are only a few studies that included action
planning in digital interventions targeting sedentary behavior
[27]. In a recent systematic review of digital technologies
supporting health behavior change [28], only 2 out of the 45
studies reviewed involved action planning related to sedentary
behavior change. On the basis of the step counts at baseline,
Aittasalo et a [29] offered participants visua feedback to
facilitate action planning, whereas De Cocker et a [30] used
several motivational questions to stimulate the participants to
make action plans. In both studies, sedentary behavior was
successfully reduced. However, both used action planning as
one of the severa behavior change techniques, and it is,
therefore, unclear whether the change can be solely attributed
to action planning. Maher and Conroy [7], on the other hand,
specifically tested the main effect of action planning on reducing
sedentary behavior and found that daily action planning did not
induce sedentary behavior change. This study, however, has
limitations. First, sedentary behavior was only assessed
subjectively, which might not correspond to objectively
measured behavior [31]. Second, the quality of the action plans
was not evaluated, which might preclude important insights
into why the intervention was not successful.

The quality of an action plan can be evaluated based on plan
characteristics such as the specificity of the situational
parameters; plan instrumentality, that is, the degree to which a
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plan is helpful to achieve the desired outcome; and viability,
that is, how realistic an action plan is. Fleig et a [32] showed
that specificity of when to perform a behavior and
instrumentality of the action plan were related to an increased
likelihood of plan enactment. Quality of action plans, therefore,
might be an important variable to consider when evaluating

Figure 1. The model of the health action process approach.
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interventions. Although none of the af orementioned studies on
sedentary behavior change investigated the quality of action
plans, this study aims to test the effect of action planning on
sedentary behavior change quantitatively and additionally
include a qualitative analysis of the action plans to determine
their specificity, instrumentality, and viability.
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Visualizations of M obility Patterns

Human mobility patterns reflect the spatial and temporal
periodicity or routines of human activities in their daily lives
[33-35]. Mobile devices alow for the passive monitoring of
human mobility, including physical activity and sedentary
behavior. When fed back to the user, the data might help them
to generate meaningful insights about their activity patternsand
subsequently induce behavior change. Self-monitoring and
feedback based on the collected data are frequently used to
change physical activity and sedentary behavior [36-39].
However, the feedback is often numerical or uses simple static
visualizations such as bar charts or line graphs to display step
counts or energy expenditure (eg, Google Fit and Fitbit). On
the basis of thisinformation, it might be difficult to extract all
relevant information needed to formulate effective action plans
defining the when, where, and how. It could be hypothesized
that map-based visualizations, such as visualizations provided
by apps to track running, might be more effective, as they
provide information about where activities took place [40].

Building upon theideathat visualizations of sedentary behavior
datamight facilitate action planning [29], anovel tool to support
action planning for reducing sedentary behavior using interactive
visualization was developed. This study thus extends previous
mobile sedentary behavior interventions by using aninteractive
visualization of sedentary behavior datato specifically support
daily action planning, which in turn was hypothesized to reduce
sedentary time in daily life. A mobile app, SedVis, was
implemented by the study team. Mobility patterns were
determined based on objective data collected by the app: using
internal sensorsof the smartphone and existing services provided
by the operating system, SedVis automatically tracks and
classifies users' activity (eg, walking, biking, and being in a
vehicle), step count, and location. In this vein, it determines
locations and time windows in which users are sedentary. The
visualization elements thus correspond to the aforementioned
action planning factors—when, where, and how (ie, the planned
activity). By specifically highlighting situations in which users

http://formative.,jmir.org/2021/1/e15369/

Volitional Phase

are sedentary, visualizations can serve as a visua aid for
formulating action plans. To the best of our knowledge, SedVis
is the first app targeting visualizations and action planning on
mobile devices for sedentary behavior change.

Study Objectives

This paper reports on the results of a 3-week user study of
SedVis(N=16). Specificaly, the study aimsto answer 4 research
guestions (RQs). Thefirst aim isto examine the effect of SedVis
on users action planning for their sedentary behavior change
(RQL). Specifically, we tested whether using the visualization
improved 3 characteristics of action plans that have been
identified as potentially impacting the eff ectiveness of the plans
for behavior change [32]: (1) specificity, that is, the level of
detail the plan provided on when and where the behavior was
to be shown; (2) instrumentality, that is, the degree of
helpfulness of the plan for behavior change; and (3) viability,
that is, the degree of control an individual has over plan
enactment of formulated action plans. Second, wetested whether
theintervention involving visualizations and action planning is
effective in reducing sedentary behavior compared with action
planning without visualizations (RQZ2). Third, because the
designed visualizations could also serve as a self-monitoring
tool, users’ engagement with the visualizations in SedVis and
itsimpact on users' sedentary behavior change wasinvestigated
(RQ3). Four, user acceptance and experience of SedVis as a
simple intervention tool for the daily use of the sedentary
population were studied (RQ4).

Methods

SedVis App

SedVis was developed and implemented by the study team.
Specifically, YW developed the app concept and programmed
the app. LK and HR tested the app and provided critical
feedback. App development was guided by the following
requirements that were derived from the literature: (1) develop
an app to reduce sedentary behavior, (2) grounded in HAPA
with a focus on action planning, (3) using mobility pattern
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visualizations, and (4) that is simple and practical to use to
ensure user acceptance and use in daily life.

Data Collection

SedVis was developed for Android smartphones and pretested
internally by the study authors. It collected the data of physical
activities (via Google Activity Recognition application
programming interface [API]) [41], geolocation (via Google
MapsAPI), steps (viaGoogle Fit API), screen states (turned on
or off), users interaction within the app, users’ action plans,
and time stamps. On the basis of the built-in sensor data, the
Google Activity Recognition service on the Android platform
could recognize physical activities, including running, walking,
cycling, being in a vehicle, and being still. As high battery
consumption (eg, through constant geolocation tracking) or
large disk-space requirements might lead to users abandoning
the app, geolocation was only updated when movements were
detected based on activity recognition and steps counting every
5 seconds. In addition, anew data point was only recorded when
achangeinthe activity state was detected (eg, the stepsincrease

Figure 2. The always-on notification of SedVis on a user’s smartphone.
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or the physical activity changes). This strategy minimizesenergy
consumption and data storage without losing information on
users' mobility [42].

To improve power consumption, Google imposes limitations
on background services since Android 8.0. Some original
equipment manufacturer versions of Android (eg, Xiaomi MIUI
[43] and Huawei EMUI [44]) additionally introduced limitations
on background services to optimize the battery life. The
operating system might automatically kill the background
service. Therefore, the logged data might not indicate the
difference between true sedentary periods and the periodsduring
which the background service was not running. Therefore, a
timer was added to the background service to log a timestamp
to the local database every 20 min. To improve the data
collection quality, a data collection service was bound to a
notification showing the latest update time, steps, and activity
in the notification bar (as shown in Figure 2). A system clock
was used to monitor if the background service was running and,
if necessary, to initiate a restart. Users could aso manually
restart the data collection serviceif the notification disappeared.

:00

00 0~

L ]

Rﬁ 19:00:38

Mobility Pattern Detection

Mobility patternsrefer to when, where, and how the user moves
or is sedentary, which directly correspondsto the 3 elementsin
action planning (ie, when, where, and how). In SedVis, this
involved tracking of users moving trgjectory and sedentary
place detection. Thetrgjectories showed the routes the user had
taken and related information on step counts and time windows.
The app detected the users' physical activity every 5 seconds,
which enabled ahigh temporal resolution for trajectory tracking.
Modern smartphones use high-precision and |ow-power
movement sensors, which make physical activity recognition
and step tracking both accurate and efficient [45]. Google Play
services provide fused location tracking by using GPS, Wi-Fi,
and cellular signals to alow for precise positioning even in
some indoor environments (accuracy depends on the strength
of the indoor Wi-Fi and cellular signals).

Custom programmed sedentary place detection was used to
detect the participants’ sedentary places based on the users
geolocation data. Many officeworkers spend theday inalimited
number of locations (eg, home, office, and lab) wherethey spend
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much time sitting. Existing services, such asthe Places software
development kit for Android [46], only recognize public places
(eg, the university), which could not enable personalized place
detection in other places such as at home. Therefore, a
spatio-temporal dataclustering algorithm [47] was used to detect
the places based on each user’s data. These detected sedentary
places, which were displayed in mobility pattern visualizations,
provide users with intuitive cues on where to reduce their
sedentary behavior.

Mobility Pattern Visualization

Within SedVis, users could access 2 visualizations of data on
their sedentary and active hours that were generated based on
the collected mobility pattern data. An hour was labeled
sedentary if the user took fewer than 250 steps per hour asin
the Fithit mobile app and according to recent evidence
suggesting that 2-min walking (about 250 steps) per hour might
lower the risk of premature death [48].

Participants could access the single-day visualization via the
dashboard or by clicking the aways-on natification (Figure 2).
In the daily visualization, the tracked trajectories and the
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detected sedentary places are shown on a map, and the
corresponding temporal information is shown using abar chart
(as shown in Figure 3) for asingle day. Specifically, sedentary
hourswere marked by orange bars, and sedentary locationswere
marked with orange triangles on a map to highlight situations
in which users were sedentary. Participants could interact with
the visualization by tapping on the bar chart or on the locations
and trajectories displayed on the map. Specifically, they could
see (1) the active hours and the corresponding routes on the
map once clicking on ablue bar and (2) the sedentary hoursand
the corresponding locations once clicking on an orange bar.
Likewise, clicking the sedentary location on the map highlighted

Figure 3. The mohility patternsin the daily visualization mode.
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the corresponding sedentary hours in the bar chart. Although
thebar chart illustrated temporal patterns, the map demonstrated
spatial patterns. Participants could switch between days by
tapping on the arrows at the bottom of the screen.

In the multi-day visualization, data were aggregated across
multiple study days. Sedentary places were determined based
on aggregated data from the user-sel ected days. Differing from
the daly visualization, the bar chart in the multi-day
visualization showed the frequency of the user being sedentary
in each hour during the selected days for all the places or one
selected place (Figure 4).
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Action Planning

The user could enter the action planning view from the
dashboard, the daily notification, or the shortcuts in the
visualization views (see the second button on the | eft-side corner

Figure 5. The action planning function in the app.

Wang et a

of Figure 3 and Figure 4). All action plans that the user had
made were shown in alist view. The action plans were shown
chronologically and could not be deleted. When adding an action
plan, the user was asked to specify the when, where, and how
elements (Figure 5).

Dashboard

From the dashboard of SedVis, participants could access all the
functionalities of the app, as shown in Figure 6. In the settings

Figure 6. The dashboard of SedVis.

319 PM 2

tab, the study staff could enable intervention functions.
Passwords were used to restrict users’ access to these functions
during the study.
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Study Design and Procedure

The study deployed a mixed design with one between-subject
factor group (with vs without visualization) and one
within-subject factor time (baseline vsintervention; Figure 7).
Participants were assigned to 1 of the 2 groups, which
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Settings

determined theintervention they received: group A (intervention
group), for which the visualization functions were enabled, and
group B (active control group), for which the visualization
functionswere disabled. Participantswere assigned to the groups
according to the enrollment time (ie, every odd number was
assigned to group A, whereas every even number was assigned
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to group B). This strategy enables fast study deployment for
each participant while maintaining the balance of sample size
in both groups [49]. Asthe sequence of the participants enrolled
in the study was random, this strategy preserved the
randomization of group allocation.

The study included 3 interviews (ie, the entry interview before
starting data collection, the after-baseline interview after week
1, and the exit interview after week 3) on day 1, day 9, and day
25 for each participant. The data collected on these 3 daysin
the app were excluded from the data anal ysi s because they were
incomplete and could not be compared between participants
because of appointments being scheduled throughout the day.

During the entry interview, the partici pants wereinformed about
the purpose of the study, signed the consent form, and filled out
guestionnaires on demographics and psychosocial variables
related to sedentary behavior (intention, risk perception, and
self-efficacy based on HAPA; only results for intention are
reported asit isthe only construct directly associated with action
planning) [25]. A member of the study staff then installed
SedVis on their smartphones.

The after-baseline interview took place on thefirst day after the
baseline week. Participants again filled out the questionnaire
on psychosocial variables before watching an educational video
about the risks of prolonged sedentary behavior [50].
Subsequently, the study staff showed them a flyer to explain
behavior change theory [51] and emphasized the importance of
action planning. The participants were asked to make at least
one plan per day to reduce their sedentary behavior for the
following 2 weeks. Finaly, the study staff introduced the
functions of the app, depending on which group participants of
the session were assigned to. For group A, al the functionswere
activated, including daily visualization; multi-day visualization,

http://formative.,jmir.org/2021/1/e15369/
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which allowed for displaying mobility patterns for multiple
days; and action planning. For group B, only the action planning
function was enabled. Participants were demonstrated how to
make an action plan in the app with dummy examples (eg, 10
am, office, take a walk). For both groups, participants were
asked to set adaily reminder within the settings of the app when
they used it for thefirst time, which served asa prompt to make
action plans.

After 2 more weeks, the participants returned to the lab for the
exit interview, when they again completed a questionnaire on
psychosocial variables as well as an additional questionnaire
on user experience. They further transferred the data stored on
their smartphones to the study team by email and took part in
a short, semistructured interview. Participants were asked
guestions about their current health status, especially regarding
acute infections that might have limited their physical activity;
changesin daily routinesthat might have affected their physical
activity or sedentary behavior; and divergences from their
sleeping habits, for example, having slept longer or shorter than
usual. In addition, they were provided with alist of their action
plans and asked to rate them. The participants answers were
written on printed forms and archived into digital forms after
the study. Each participant received €20 (US $25) after
completing the study.

The ethics committee of the University of Konstanz approved
the study protocol. For privacy reasons, only datarelated to the
study were collected. To ensure transparency of data collection,
datawere recorded and stored on the participants’ smartphones
until the study was completed. The participants were shown the
datadetailswhen they transferred the dataviaemail to the study
staff. The dataremained anonymous and stored on the encrypted
server hosted in the university.
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Figure 7. The mixed design of the 3-week study.

Participants

Participants were recruited through university mailing lists, the
authors’ social media profiles, and posters in the university. A
total of 16 participants expressed interest in taking part in the
study. Participantswereeligiblefor participationif they (1) had
the intention to change their sedentary behavior, (2) had no
injuries that precluded them from being physically active, (3)
were able to speak English fluently, (4) had a smartphone with
Android 6.0 and above, (5) did not use a standing desk, and (6)
had no travel plans during the study period. The fifth criterion
was used to filter out people who had already started to change
their sedentary behavior. The other criteriawere used to control
the motivation and objective ability for using the app,
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communicating with the study staff, and changing sedentary
behavior. The criteria were listed in the study advertisement,
and potential participants self-evaluated whether they fit the
inclusion criteria. In addition, theintention to change sedentary
behavior was assessed in the entry interview as a control
measure.

All 16 participants were students (9 out of 16 PhD studentsand
9 out of 16 females) at the university. Group A comprised 5
females and 3 males. Their mean age was 26.6 years (SD 3.8).
Group B comprised 4 femalesand 4 males. Their mean age was
27.0 years (SD 4.0). Among the 16 participants, one was
overweight (ie, BMI>25 kg/m?), one was underweight (ie,
BMI<18.5 kg/m?), and the remai ning had anormal weight (mean
BMI of 22.0 kg/m?, SD 2.8).
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M easures

Sedentary Behavior

Sedentary hours were assessed throughout the 3 weeks of the
study and calculated based on the step counts assessed by the
SedVis app, which were again determined based on the Google
Activity Recognition APl native to Android smartphones.
Studies have shown that off-the-shelf smartphones and
smartwatches could provide a reliable estimation of users
physical activity [45,52]. Sedentary behavior was quantified
per hour: an hour waslabeled as sedentary if lessthan 250 steps
were recorded.

It should be noted that the sedentary hours the app estimated
included the participants’ sleeping time. It was assumed that
the participants’ sleeping time did not change over the 3-week
study period, which was confirmed by the participants in the
exit interview. Thus, the differencein the daily sedentary hours
between the baseline and intervention weeks should not be
influenced by the sleeping hours. The estimated sedentary hours
will be used to reflect sedentary behavior in therest of the paper.

Table 1. Coding criteriafor specificity.

Wang et al

Number of Action Plans

Thetotal number of action plans formulated during the 2-week
intervention phase was counted automatically by the SedVis
app. As participantswere allowed to repeat the plans of previous
days, the number of unique action plans was calculated
additionally.

Quality of Action Plans

To evaluate the quality of the action plans, the specificity of the
when, where, and how of the plans were coded. The rating
criteriafor 3 levels of specificity (ie, vague, medium specific,
and highly specific) were adapted from Fleig et a [32] (see
Table 1 for coding criteria). In addition, participants were asked
to evaluate the viability (how realistic) and instrumentality (how
useful) of their action plans based on the plan characteristics
used by Fleig et a [32]. For viability, participants were asked
to rate each action plan on ascalefrom 1 (not realistic at all) to
4 (very readlistic). For instrumentality, participants were asked
to rate each action plan on a scale from 1 (not helpful at all) to
4 (very helpful).

Specificity type  Vague (1% Medium specific (2% Highly specific (3%

“When" Empty; “Now”; "Anytime’; “Today”  “Every Hour”; “After Lunch” Timepoint (eg, “13:00")

“Where” Empty; “Out” Large area (eg, “City,” “University”)  Places (eg, “Post,” “Lab,” “ Office” “Home”
“Library™)

“How” Empty “Going to the park” Activity (eg, “Walk,” “Yoga,” “Cycle” “Push-

ups,” “Stretch,” “ Stand up”)

#The numbers are the rating levels corresponding to vague, medium specific, and highly specific.

Engagement With the App

Participants' interaction with the app was quantified by
recording all operations in the app during the study, including
how often the participants checked the visuaizations. In
addition, the timestamps of when partici pants made action plans
were logged, which were then used as the basis for discussing
the users' experience with the app during the exit interview.

I ntention to Change Sedentary Behavior

The participants’ intention was measured using a scale from 1
(“1 do not plan to reduce my sedentary behavior at all”) to 4 (“I
do exactly plan to reduce my sedentary behavior”) following
the examplein HAPA [25]. Theintention was used as a control
mesasure, as participantswere required to be motivated to reduce
their sedentary behavior instead of other factors (eg, receiving
monetary compensation).

User Experience: Quantitative Measure

Using the user experience questionnaire (UEQ) [53], the user
experience of the app was quantified at the exit interview.
User Experience: Qualitative I nterviews

In addition, closed- and open-ended questions were used to
explore the participants’ attitudes toward the app and the study
aswell astheir desired features missing in the app: (1) Would
you like to receive areminder for performing the action plans?,
(2) Do you want to continue using this app? Why?, (3) Do you

http://formative.,jmir.org/2021/1/e15369/

think that the logged data on sedentary time and location were
accurate? (only group A), and (4) Did you always take your
phone with you during work? Replies were recorded as written
notes by the interviewer; most replies were either yes/no or
statements of 1 to 2 sentences, for example, “The app
underestimated the number of steps because | cannot take my
phone with me during experiments.” For questions that were
usually answered with yes or no, the number of participants
replying with either option is reported. Owing to the small
sample size and limited number of statements exceeding yes/no,
responseswere only aggregated if they addressed the exact same
issue (eg, the smartphone's sensor not being sensitive enough
to properly capture nonsedentary periods); otherwise, individual
statements are reported.

Qualitative Control Measures

In addition, participantswere asked to report unexpected issues
that might have affected the data quality during the study: (1)
Wereyour daily routines during the study, including your sleep,
typical or not? and (2) Did you have to complete urgent tasks
(eg, related to PhD thesis) during the study? This information
was recorded to potentially inform interpretation of the data,
for example, to explain divergences in step counts between
weeks that may mask intervention effects.
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Statistical Analysis

Data were analyzed using both traditional null hypothesis
significance testing (ie, nonparametric Mann-Whitney U tests,
Wilcoxon signed-rank tests, and Spearman rank-order
correlationsto account for the small sample size) and equivalent
Bayesian statistics to provide Bayes factors (BFs). In addition,
descriptive statistics (ie, median, mean, and SD) were reported,
as suggested by Lee et al [54]. RQ1 was evaluated using the
Mann-Whitney U test with the independent variable group and
dependent variables total and unique number of action plans
and measures of action plan quality. RQ2 was evaluated using
a Wilcoxon signed-rank test with study conditions as the
independent variable and sedentary hours as the dependent
variable. RQ3 was evaluated using Spearman rank-order
correlation test to examine the relationship between the
frequency of checking the visualization and the sedentary hours.
RQ4 was eval uated using the Wilcoxon test with the independent
variable group and the UEQ scores as dependent variables. IMP
Pro (version 14.1.0 [55]) was used for statistical analysis. The
normalized statistics (ie, the Z scores) of the nonparametric
null-hypothesis significance tests will be reported along with
the P values.

We adopted BFs as complementary statistics. The conventional
null hypothesis significance tests provide little information when
the result is not statistically significant; only the alternative
hypothesisis tested [56]. Nonsignificant results might support
a null hypothesis over the dternative, or the data are just
insensitive. In contrast, BFs [57] compare the extent to which
the samples support 2 hypotheses (eg, equal or different).

Wang et al

Moreover, Bayesian methods allow more principled conclusions
from studies with a small sample size of novel techniques in
the field of human-computer interaction [58]. Therefore, BF
was used in addition to the P value [59] and Cohen d [60] to
report and interpret the results. JASP (Jeffreys Amazing
Statistics Program; version 0.9.2) [61] was used for Bayesian
analysis.

BF istheratio of likelihood probabilities. [E] is the probability

of the null hypothesis (H) given the data, whereas (] is the
probability of the alternative hypothesis (H,) given the data.
The definition of BF is shown in formula 1 below:

@

BF indicates which hypothesis is supported more by the data.
Figure 8 shows the BF classification and the adapted
interpretation [62]. The default prior distributions of the
alternative hypothesis and the cal culation methodsfor different
study designs can befound in the study by Rouder et a [63,64].

The default Cauchy distribution, E was used as the prior
distribution when estimating the effect size. Following the JASP
guidelines [62], the posterior median and the 95% CI of the
effect size are aso reported. For correlation analysis, the
Bayesian Pearson correlation test was used with the default
prior distribution suggested by Rouder and Morey [65].
Depending on the context, the one-side BF (BF_, or BF,) or

the two-side BF (BFy,) is reported.

Figure8. A graphical representation of aBayesfactor classification and interpretation. BF: Bayesfactor; HO: null hypothesis; H1: alternative hypothesis.
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Results

Data Collection

All participants completed the study. First, data quality was
checked based on the actual running duration of the app to
ensure that all participants had access to the app as expected.
The missing duration may be caused by the smartphone being
switched off or the background service being shut down for
battery optimization. Only the datafrom one participant in group
A (A8) showed arelatively low coverage (65.61% of the study
duration); for the other participants, the mean coverage was
93.88% (SD 5.44%). After checking the data of the participant
A8, it was found that they had the habit of shutting down the
phone during the night. Therefore, the missing datadid not limit
conclusions about the mobility of the participant, and the
participant’s data were analyzed as planned. No participant
reported urgent tasks or long-term travel that might have
impacted their daily routines during the study. Therefore, it is
unlikely that the potential sedentary behavior change during the
study was owing to reasons unrelated to the intervention.

http://formative.,jmir.org/2021/1/e15369/
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Participants' Intention (Control Measure)

The participants’ intention to reduce sedentary behavior was
generaly high (median 3.00, mean 3.20, SD 0.59) in both
groups. No significant difference was found between groups at
each appointment according to Mann-Whitney U tests
(appointment 1: Z=0.06, P=.95; appointment 2: Z=0.35, P=.72;
appointment 3: Z=0.06, P=.95). The BFs showed evidence
preferring Hy (appointment 1: BFy;=2.34; appointment 2:
BFy;=2.23; appointment 3: BFy;=2.34). The results indicated
that the participantsin both groups had similar strong intentions.

RQ1: Effect of Visualization on Participants’ Action
Planning

The first aim was to investigate the effect of visualizations on
participants’ action planning. Both the quantity and quality of
the action plans were evaluated.

The Mann-Whitney U test showed no significant group
difference regarding the total number of action plans made in
the 2 groups (Z=-0.37; P=.71; mediany, o 8.5; Meany o,
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8.9, SDygroup A 5-69; mediany,q, g 5-5; MeaNy 4y 5 7-8, SD groyp
g 6.76). BF (BFy;=2.24; median 0.11; 95% CI -0.66 to 0.92)
showed weak evidence toward no difference (Hy) Thiswasthe

same case for the number of unique action plans (Z=-1.06;
P=.29; BFy;=1.81; median 0.28; 95% Cl -0.50 to 1.14;

mediangqp o 5.0; MeaNyup A 3-8, SDgroup 4 2.19; Mediany o e
2.5; meaNyqp g 28, SDgroup g 2-38).-

The quality of the action plans showed mixed results, as shown
in Table 2. The means of the perceived viability and

Table 2. The measurements of the quality of the action plans.

Wang et al

instrumentality were dlightly higher in group B than in group
A. The results of the Mann-Whitney U test suggested a
dtatistically significant differencein perceived viability between
group A and B. BF aso showed weak evidence toward
difference (H,) for perceived viabhility, whereasit suggested no
difference (Hp) for perceived instrumentality. In addition, no
meaningful group differences were found regarding specificity
(When and Where). The means of the specificity of the response
activity (How) were both very high in the 2 groups because
most of the users simply specified the activity as walking.

Measure gl’e(;ip(gb ) ire(:;p(gb) 7a P value? BFdOl Median 95% ClI
Perceived viability 3.28(0.68) 3.81(0.37) 1.98 048° 0.71 -0.67 -1.72t00.17
Perceived instrumentality 310(055) 3.22(0.73) 0.53 .60 213 -0.15 -1.00to0 0.59
Specificity (when) 255(0.70) 1.88(1.000 -111 .27 1.05 0.51 -0.30to0 1.50
Specificity (where) 221(082 210(091) -011 91 224 0.10 -0.68100.94
Specificity (how) 299(0.04) 3.00(0.00) 0.88 .38 _e — —

87 refers to the normalized statistic of Mann-Whitney U test.
bp value of M ann-Whitney U test.

CAnitalicized P value indicates significant difference (P<.05).
‘BF: Bayes factor.

€_: For specificity (how), no results are reported for BF because the SD in group B was 0.

Therefore, regarding RQ1, no statistically significant effects of
thevisualizationsin SedVison the participants' action planning
were found, except for perceived viability. BFsindicated weak
evidencetoward no difference between the 2 groups, except for
perceived viahility.

Regarding the specificity (When) of action plans, some
unexpected patterns were observed, especially in group B. Two
participants (B3 and B6) in group B always entered the current
time when they made the plan. They explained in the exit

interview that each of their plans was actually what they were
about to do at the moment when they logged the plan. Partici pant
B6 further commented that she found it difficult to make action
plansfor the future because she was not sure about her behavior
patterns. In addition, another 3 participants always used vague
cuesto specify the When: participant B1 used today, participant
B4 used anytime, and participant A5 used today.Table 3 shows
a summary of the When, Where, and How in the participants
action plans.

Table 3. Summary of “When,” “Where,” and “How” components identified in the participants’ action plans.

When Where

How

o Timepoint (eg, 4 AM) .

Workplace (eg, university, lab, library, cam-

Walk (eg, teawalk, walk to post, walk between lectures, walk

« Now pus, garden, office, building Z, and outdoor) after lecture/meeting/lunch/dinner, 5-min walk, 6000 steps,
« Vaguetime(eg, today, « Home/dormitory/kitchen and 250 steps per hour)
tomorrow, and any- . City . Yoga
time) « Pak « Cycleinstead of the bus
«  Push-ups
«  Get up and stretch
o Stand up for 5 min every 30 min
e Jump

RQ2: Changesin Participants’ Sedentary Behavior

Wilcoxon signed-rank tests showed a marginally significant
decreasein daily sedentary timein group A (Z=—11.50; P=.06)
and no significant difference in daily sedentary time in group
B (Z=2.50; P=.59). The median change in sedentary time was
—0.19 hours per day ingroup A and 0.07 hours per day in group
B. The results of the Bayesian paired samplest test suggested
(with weak evidence) that the daily sedentary hours decreased

http://formative.,jmir.org/2021/1/e15369/

from the baseline week to the intervention weeks in group A
(BF,p=1.92; median 0.52; 95% CI 0.04-1.25). This is aso
mirrored in the descriptive statistics plotted in Figure 9 (mean
-0.40, SD 0.63). In contrast, in group B, it was more likely that
the intervention had no effect than a positive effect with
moderate evidence (BF,,=0.28; median 0.18; 95% Cl 0.01-0.64;
mean 0.17, SD 1.65).
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Therefore, regarding RQ2, the intervention involving
visualizations and action planning in SedVis had a positive
effect on reducing participants’ sedentary hours, with weak

Wang et al

evidence. Meanwhile, action planning alone had no effect on
reducing participants' sedentary hours, with moderate evidence.

Figure9. The participants' daily sedentary hours based on the app-logged data during the baseline week and the intervention weeks. The bars refer to

the confidence intervals with 95% confidence level.
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RQ3: Participants Interaction With SedVis

The frequency of checking the visualizations per day reflects
the participants’ strength of self-monitoring, which might also
act as a cue for self-reminding of sedentary behavior change.
Figure 10 shows the daily frequency of participants checking
the visualizations in SedVis. Participants were more likely to
check the visualizations from the notification bar (302/442,
68.3%) than from the dashboard (140/442, 31.7%).

To test the assumption that the participants engagement with
the app is positively associated with the effect of the app on
their behavior, the daily frequency of participants checking the

visualization in SedVis was correlated with their change of
sedentary hours, calculated as daily sedentary hours during the
intervention weeks minus the counterparts during the baseline
week (Figure 11). A Spearman rank-order correlation test did
not show a datisticaly significant correlation between
participants' checking of visualizations in SedVis with the
change in daily sedentary hours (p=-0.37; P=.15) [66]. Then,
a Bayesian Pearson correlation with the alternative hypothesis
of negative correlation was calculated. BF (BF =1.49; r=—0.50)
weakly suggested that the 2 factors were more likely to be
negatively related than unrel ated. To some extent, this confirmed
that the participants’ engagement was positively related to the
effect of reducing sedentary hours.

Figure 10. The daily frequency of participants checking the visualizations in SedVis through the notification and the home screen.
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Figure 11. The scatter plot of the participants’ daily frequency of checking the visuaizations and their change in daily sedentary hoursin group A.
The change of daily sedentary hours (x-axis) equalsto the daily sedentary hours during the intervention weeks minus the counterparts during the baseline

week. Thus, negative values indicate a reduction in sedentary behavior.
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RQ4: User Experience

Quantitative Results

User experience was investigated both quantitatively and
qualitatively. By comparing the ratings with the benchmark
provided by the UEQ toolkit [10], the participants scores of
user experience were mapped to quality levels, as shown in
Table 4.

According to the results of the Bayesian t test with the
alternative hypothesis that group A scored higher than group
B, visualizationsyielded more perceived stimulation (BF =1.99;
median 0.62; 95% Cl 0.05-1.62) and novelty (BF =7.44; median
1.03; 95% CI 0.16-2.16). For other aspects, the scores tended
to be equivalent. It was observed that the previewed
dependability is only above average, which indicates that the
participants did not think the data shown in the app were very
accurate.

Table 4. The user experience scores based on user experience questionnaire.

User experience Group A, mean (SD) Comparison with Group B, mean (SD) Comparison with Zz2 P value®
questionnaire scales benchmark (group A) benchmark (group B)

Attractiveness 1.65 (0.69) Good 1.44(0.71) Above average -0.74 46
Perspicuity 2.25 (0.81) Excellent 2.10 (0.46) Excellent -0.95 34
Efficiency 1.91 (0.48) Excellent 1.84 (0.79) Excellent 0.00 >.99
Dependability 1.34 (0.55) Above average 1.22(0.95) Above average -0.53 .60
Stimulation 1.66 (0.53) Good 1.16 (0.63) Above average -1.56 A2
Novelty 1.22 (0.65) Good 0.44 (0.48) Below average -2.28 02°¢

87 refers to the normalized statistic of Mann-Whitney U test.
bp value of M ann-Whitney U test.
CAnitalicized P value indicates significant difference (P<.05).

Qualitative Results

Although participants were asked to make at least one action
plan every day during the 2-week intervention phase, the average
number of daily action plans was only 0.59, which hints that
participants might not have used the app regularly. According
to the feedback in the exit interview, no participant complained
about interruptions of daily activities through using the app,
although one participant commented that making action plans
every day was boring.

Thetopicsof continued use of the app and reminderswere often
related to participants’ responses. Of the 16 participants, 8
wanted to continue using the app to reduce sedentary behavior.
The reported reasons for continuing to use the app included

http://formative.,jmir.org/2021/1/e15369/

“self-monitoring ishelpful/could increase self-awareness’ (n=4),
“1 wanted to frequently check step counts’ (n=2), “| wanted to
see the change” (n=1), and “writing down the action plans are
important” (n=1). On the other hand, 4 participants said they
did not want to continue to use the app for the following reasons:
(2) “it underestimates my steps,” (2) “I do not want to always
keep the GPS on,” (3) “the app provided too little new
information compared to other devices like a smartwatch,” (4)
“1 need a reminder for enacting my plans” The remaining 4
participants were undecided about future use. Two participants
stated that they would continueto usethe app if reminderswere
implemented; one participant desired a greater range of
functionalities, and one participant would have considered
continued useif the app would consume less battery and would
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not require daily action planning. In contrast to the participants
who suggested implementing reminders, 6 out of the 8
participants who wanted to keep using the app reported that
they did not need areminder. One of these participants explicitly
gave the reason that they did not want to be interrupted during
work.

In addition, the topics of accuracy and constantly carrying the
phone were linked. Among the 8 participants in group A who
had access to the visualization in the app, 4 reported that the
data shown in the app seemed accurate. Two participants felt
that the app underestimated their steps. This may have been
because they did not carry their phone at all times (eg, working
in their lab) or because they thought that the sensor in their
phone was not sensitive enough. Interestingly, one participant
reported that the underestimated steps did not influence their
perception of accuracy asthey knew the reason, whereas another
participant thought that the underestimated steps were
disappointing. Therefore, future versions of the app should
consider integrating more data sources (eg, wristband or manual
adjustment) to improve the users' perceived truthfulness.

Discussion

Principal Findings

This paper presents a pilot test of SedVis, an app-based
sedentary behavior intervention that aims to reduce sedentary
behavior through acombination of mobility pattern visualization
and daily action planning. Specifically, it was hypothesized that
mobility pattern visualization would lead to improved action
plans, which would, in turn, lead to a reduction in sedentary
hours.

Contrary to this expectation, the visualizations did not impact
the participants’ action planning (see the Results section).
However, these results are in line with those of Maher and
Conroy [7], who aso found no effect of daily action planning
on reducing sedentary behavior inthe short term among college
students. Furthermore, the data suggested that sedentary
behavior change did not correlate with the quantity and quality
action plans. Asexplained by Maher and Conroy [7], onereason
for the ineffectiveness could be that the cue-to-action response
expected by action planning relies much on the conscious
self-regulatory process, which is difficult for highly habitual
behavior, such as sedentary behavior. Another explanation could
be based on prospective memory [67], inspired by the work of
Grundgeiger et a [68]: prospective memory tasks, which require
us to remember to do something at a future time, are very
difficult, especially when focusing on other tasks. As sedentary
behavior isoften coupled with other tasks demanding attention,
the action plansfor reducing sedentary behavior might be easily
forgotten.

Still, SedVis may be effective in reducing sedentary behavior:
when having access to mobility pattern visuaizations, the
intervention group slightly reduced sedentary hours compared
with baseline. At the sametime, the control group did not show
areduction in sedentary hours. It could thus be concluded that
visualizations might have impacted sedentary behavior by
promoting awareness when self-monitoring sedentary behavior

http://formative.,jmir.org/2021/1/e15369/
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[69]. This idea is supported by the association between the
changein sedentary time and the participants engagement with
SedVis. Engagement with the app, in turn, might have been
strengthened by the stimulation and novelty of the visualizations.
As Perski et a [70] pointed out in their review on engagement
with behavior change interventions, novelty ispositively related
to engagement as it prevents boredom. The inclusion of novel
and stimulating visualizations may thus indirectly influence
behavior change.

The participants evaluations of SedViswith visualizationswere
good or excelent regarding attractiveness, perspicuity,
efficiency, stimulation, and novelty. Only perceived
dependability was above average. This may reflect some
participants’ concerns that SedVis underestimated their steps.
At the exit interview, several participants mentioned that they
believed the app missed part of their daily steps because they
did not take the smartphone with them for certain activities (eg,
working in the lab). This limitation of this study could be
avoided in future studies by using wearable sensors (eg,
wristbands and posture monitors) [71].

The results of this study support the notion that smartphone
apps might be an effective tool to reduce sedentary behavior in
daily life [15,72]. However, they aso indicate that behavior
change techniques might differ in their effectivenessto induce
changesin sedentary behavior. Three commonly used behavior
change techniques were used in this study, that is:
self-monitoring, feedback, and action planning [36,72].
Interestingly, action planning was not sufficient to induce
changesin sedentary hoursin the active control group, whereas
additional feedback visualizationsinduced asmall reductionin
sedentary hours in the intervention group. Thus, it could be
concluded that engaging visualizations to provide feedback on
behavior might be more effective in inducing a change in
sedentary behavior than action planning. However, asthe sample
of this study was small, further studies are needed to identify
which behavior change techniques are most effective for
sedentary behavior change.

Implications for Future Work

Rethinking Action Plans

Although most participants made action plans in accordance
with the format of specifying When, Where, and How to reduce
their sedentary time, one participant additionally enclosed other
contextual cuesin their plans, for example, “15:00, lab, take a
walk in between experiments’ and “13:00, university, wak
between lectures.” Dueto the additional cues—experiment and
lectures—the plans might be easier to remember. These plans
areinlinewith theif-then format of implementation intentions,
which emphasi ze the contextual cueslinking to the goal-directed
behavioral response[26,73]. Assedentary behavior is prevalent,
the cues of When and Where might provide limited strength of
conditional links to the response behavior. Owing to the
requirement of less self-regulatory resources, the more
contextual plans in the if-then format might be more effective
than the plansin when, where, and how format [7,73]. However,
no prior studies have assessed potential differential effectsin
sedentary behavior change.
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Relating to SedVis, future work might explore how the app
could support personalized implementation intentions and their
effectiveness on sedentary behavior change, such as generating
recommendations of plans based on users mobility patterns
and context, which they might not even notice. Several heuristic
rules can be used, for example, going to the restroom downstairs
instead of the nearest one or more frequently going to the kitchen
to drink water. Armitage [ 74] found that experimenter-provided
and self-generated implementation intentions could be equally
effective in reducing alcohol consumption. It is worth
investigating this effect on sedentary behavior changefollowing
the study design. Some participants commented that making
plansevery day was boring, so generating plan recommendations
might also increase user acceptance in the long term.

Rethinking Self-Monitoring, Feedback, and Reminders

Asthisstudy suggeststhat a higher interaction frequency could
lead to a greater reduction of sedentary behavior, future work
might need to study more convenient and intuitive user
interfaces (eg, glanceable feedback [75]) to simplify
self-monitoring and interaction with the app even further. In
the current version of SedVis, the easiest way to accessthedaily
visualization was to swipe down the notification bar and click
on the notification. In a future version, the app could display
real-time sedentary information using an always-on progress
bar [76] embedded in the notification or the app widget on the
smartphone’s home screen.

Future work should also consider the users' need for reminders.
Participants expressed differential attitudes toward reminders:
some of them expressed that remindersfor the action plansthey
made would be hel pful because they sometimesforgot the plans;
othersthought that reminders would be unnecessary because of
the potential interruption. Although fixed-time reminders (eg,
prompts on PC screens) were frequently used in prior
interventions to reduce sedentary behavior at work [77], no
studies have explored the effectiveness and user experience of
reminders for personalized action plans.

Limitations

This study has several limitations. First, this study determined
sedentary hours based on activity tracked with the smartphone,
which may belessrigorousthan using dedicated activity trackers
(eg, activPAL and ActiGraph) [45]. However, having to wear
additional devices might beinconvenient for users(eg, charging

Wang et al

the device and attaching the deviceto the thigh) and may create
bias. Moreover, the sedentary hours based on the app-logged
data might underestimate the participants movements. One
reason for this might be that participants might not take the
smartphone with them during certain activities, such as going
to the washroom. Another reason could be that some activities
could not be recognized and counted as steps. For example, one
participant made an action plan to perform push-ups at home,
which cannot be recognized and recorded using asmartphone’s
sensors. We consider integrating more data sources (eg,
smartwatches) in the following version of the app.

Second, the app did not differentiate sleeping time from the
sedentary time, and it was assumed that the participants
deeping time was consistent during the study. Although
participants were asked if their sleeping timewasnormal in the
exit interview, their recall might not be accurate. Moreover, the
app was not able to distinguish between prolonged periods of
sitting and standing. Although using a standing desk at work
was an exclusion criterion for participation, it cannot be
excluded that participants stood for longer periods, for example,
while cooking at home. Future studies, therefore, need to employ
more accurate measures for body position to distinguish sitting
from lying down and standing (eg, using several sensors[78]).

Third, the small sample size and the relatively large
between-subjects variances of the measurements may have
reduced the statistical power of the null hypothesis significance
tests and may hinder the generalization of our study results.
Finally, the study period is relatively short, which limits the
validation of the results in short-term scenarios. Therefore,
future studies should replicate the results of this study in larger
samples and with longer study durations.

Conclusions

This paper presentsthe results of auser study inwhich the effect
of anovel visualization within a mobile app on users' action
planning and sedentary behavior change was evaluated. The
results suggest that using a smartphone app to collect mobility
data and provide real-time feedback using visualizations is a
promising method to induce changesin sedentary behavior and
may be more effective than action planning alone. Future
research should thus further explore the potentia of the
visualizations of users' sedentary behavior to induce behavior
change.
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Abstract

Background: Intelligent personal assistants such as Amazon Echo and Google Home have become increasingly integrated into
the home setting and, therefore, may facilitate behavior change vianovel interactions or asan adjunct to conventional interventions.
However, little is currently known about their potential role in this context.

Objective: Thisfeasibility study aims to develop the Intelligent Personal Assistant Project (IPAP) and assess the acceptability
and feasibility of this technology for promoting and maintaining physical activity and other health-related behaviors in both
parents and children.

Methods: This pilot feasibility study was conducted in 2 phases. For phase 1, families who were attending a community-based
weight management project were invited to participate, whereas phase 2 recruited families not currently receiving any additional
intervention. Families were randomly allocated to either the intervention group (received a smart speaker for use in the family
home) or the control group. The IPAP intervention aimed to promote positive health behaviors in the family setting through
utilization of the functions of a smart speaker and its linked intelligent personal assistant. Data were collected on recruitment,
retention, outcome measures, intervention acceptability, device interactions, and usage.

Results: Intotal, 26 families with at least one child aged 5 to 12 years were recruited, with 23 families retained at follow-up.
Across phase 1 of the intervention, familiesinteracted with the intelligent personal assistant atotal of 65 times. Although device
interactions across phase 2 of the intervention were much higher (312 times), only 10.9% (34/312) of interactions were coded as
relevant (related to diet, physical activity or well-being). Focus groups highlighted that the families found the devices acceptable
and easy to use and felt that the prompts or reminders were useful in prompting healthier behaviors. Some further intervention
refinementsin relation to the timing of prompts and integrating feedback alongside the devices were suggested by families.

Conclusions. Usingintelligent personal assistantsto deliver health-rel ated messages and information within the homeisfeasible,
with high levels of engagement reported by participating families. Thisnovel feasibility study highlightsimportant methodological
considerations that should inform future trials testing the effectiveness of intelligent personal assistants in promoting positive
health-related behaviors.

Trial Registration: ISRCTN Registry ISRCTN16792534; http://www.isrctn.com/I| SRCTN16792534
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Introduction

The high incidence of childhood obesity has been well
documented, with 29% of children aged 2 to 15 yearsin England
[1] and one-fourth of children living in Northern Ireland [2]
classified as overweight or obese. Furthermore, approximately
one-fifth of children in the United Kingdom meet the
recommended guideline of at least 60 minutes per day of
moderate-to-vigorous physical activity [3,4]. The associated
risk of developing obesity-related comorbidities earlier in life
means that schoolchildren are a key target population for the
promotion of sustainable healthy behaviors[5].

Interventions to promote healthy behaviors in children have
largely focused on the school setting [6,7], with only 7% of
randomized controlled trials (RCTYs) targeted at the home setting
[6]. Theinfluence of parentsand other family memberson health
behaviors in children is well established [8,9]. Research has
highlighted the need for interventionsthat target children within
the home environment [10], which encourages positive
behaviors before children progressinto adolescence and devel op
more autonomy over their health choices and the influence of
the family context wanes [10]. Family-based interventions
typicaly involve target children and at least one other family
member, typically a parent [11]. Without the involvement of
family membersin interventions, long-term behavior changeis
unlikely to be sustained in children[12]. A recent meta-analysis
identified 19 family-based interventions targeting physical
activity, with 66% of included studies reporting a positive effect
on physical activity [12]. Thisisin contrast to the lower levels
of effect noted in reviews of school-based interventions[13,14].
Family-based interventions that target diet alongside physical
activity appear to be more effective in reducing BMI z-score
when compared with diet-only or physical activity—only
interventions, however, the evidence is considered to be of low
certainty [6]. Furthermore, interventions that target the family
psychosocial environment and emphasize the child as the agent
of change warrant further investigation [12].

Alongside family involvement, incorporating technol ogy within
the family setting has been identified as a potential means of
enhancing the effectiveness of interventionstargeting childhood
obesity [15,16] and may aso present further opportunities to
increase the reach of interventions[16]. There has been arapid
increase in interventions adopting technology, asit can provide
a cost-effective means of providing information and feedback
alongside existing interventions or can function asastand-alone
intervention [17,18]. Children and adolescents have been
described asdigital natives, having been exposed to technology
for most of their lives [19]. This coupled with high levels of
smartphone ownership (78% of adults) and broadband
connections (80% of homes) [20] highlights the potential of
internet-based technologies for changing health behaviors.

Researchers and practitioners have used technology to change
how we deliver interventions (eg, moving from print-based
information to web-based resources) and how we incorporate
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behavior change techniques within interventions. To date,
interventions using interactive electronic media [18] or
web-based management programs[21] have demonstrated some
potential for weight management; however, studies were
generaly of alower quality and largely conducted in the United
States [18]. A recent systematic review identified 8 eHealth
interventions (comprising internet-based interventions, voice
prompts, or telemedicine) whereby parents or guardians were
the agents of change [16]. Included studies did not report a
significant effect on BMI or BMI z-score; however, half of the
interventions reviewed found significant improvements in
physical activity—related or dietary-related outcome measures
[16].

Thereis a strong need for research studies to target the family
setting [22]. Innovative interventions are required [23], with
the aim of improving both parents' and children’s behaviors.
In addition, there is a need for interventions to include more
detailed process evaluation with their methodology to further
understand the reasonswhy certain interventions are, or are not,
effective in this setting [6]. Intelligent personal assistants (eg,
Amazon Alexa) represent an efficient, low-cost method of
delivering individualized behavioral interventions, with the
potential for scaling at the population level [24]. Unlike other
technol ogies such aswearabl e devices (pedometers, Fitbit, etc),
which have been a primary focus for research studies in recent
years, little is known about the potential role that intelligent
personal assistants can play in positively influencing
health-related behaviors [25].

This study (1) outlines the development of the GetAMoveOn+
Intelligent Personal Assistant Project (IPAP), (2) comparesthe
acceptability of intelligent personal assistants alongside an
existing intervention or as a stand-alone intervention, and (3)
evaluates the potential of intelligent personal assistants for
promoting and maintaining physical activity and other
health-related behaviors in both parents and children.

Methods

Study Design

IPAP was a 12-week RCT conducted in 2 phases. Phase 1 was
an RCT that evaluated the effect of a home-based intelligent
personal assistant intervention on obesity-related behaviors (diet
and physical activity) in families attending a community-based
weight management project.

Phase 2 wasan RCT that eval uated the effect of the home-based
intelligent personal assistant in families not attending aweight
management project. Randomization for both phases of
recruitment took place at thefamily level, with families (a parent
and 1 or 2 children) randomly alocated to an intervention or
control group. Randomization was performed by a university
staff member who wasindependent of the research team. Sealed,
opague envelopes were used to randomly assign familiesto a
study arm.
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Participants

Families were €eligible to participate when at least one child
(aged 5-12 years) and one parent or adult responsible for their
care consented to participate in the study. Given the nature of
the intervention, access to internet connection with their home
(Wi-Fi) and ownership of one smart device within the home
(eg, atablet or smartphone) or access to a computer or laptop
to enable the family members to interact with the home-based
intelligent personal assistant was required. The adult and child
or children taking part in the study also had to live within the
same household. No restrictionswere placed on the family type.
No inclusion criteria were placed on parents or children in
relation to any medical condition. Participants were asked to
notify the research team of any related issues that might affect
participation in the intervention. No issues that limited or
affected participation or resulted in adverse events were
reported.

Recruitment

Phase 1

All families (n=16) attending a community-based obesity
prevention project, Safe Wellbeing Eating & Exercise Together
(SWEET) as a family, were invited to participate in the study.
The SWEET project is acommunity-based obesity prevention
and management program aimed at children and families across
a number of sites (community organizations, healthy living
centers, etc) in the Western Trust area of Northern Ireland. It
aimsto work with familiesin areas of high economic deprivation
and targets lifestyle characteristics, such as dietary habits,
physical activity, and mental well-being. Families are recruited
to the SWEET project viasocial mediasites, flyer distributions
in schools, and local paper advertisements. Before approaching
families, permission was obtained from the Healthy Lifestyle
Coordinator of the Healthy Living Centre where the project was
being delivered. Members of the research team attended the
first session of the project and provided a verbal overview of
the research study. Written informed consent was obtained from
all parents or guardians, and written parental consent and child
assent were obtained for each child. Phase 1 of the study was
conducted from January to April 2019.

Phase 2

Phase 2 was subsequently undertaken to further assess the
acceptability of intelligent personal assistants as a stand-alone
intervention. Potentially eligiblefamilies (as mentioned earlier)
were invited to take part in the study (not restricted to those
attending the SWEET project) through anumber of recruitment
strategies. Local community group leaders were contacted and
asked to provide permission for amember of the research team
to approach families (parents) at relevant events, for example,
parent or child groups, youth club, sports training sessions etc.
Similar to phase 1, prospective families were provided with a
verbal overview of the study and detailed written information
on the study. Written informed consent was obtained from all
parents or guardians, and written parental consent and child
assent were obtained for each child. Efforts were made by the
research team to ensure families in phase 1 and phase 2 were
recruited from similar community groupsto avoid any potential
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sampling bias. Phase 2 of the study was conducted from May
to August 2019. Families were only able to participate in one
phase, that is, familieswho took part in phase 1 were not eligible
to take part in phase 2.

I ntervention Selection

A smart speaker (Amazon Echo) and its linked intelligent
personal assistant (Amazon Alexa) were chosen asthetoolsfor
intervention delivery in this study. A market survey (n=2274)
highlighted that 33% of respondents based in the United States
and the United Kingdom owned a smart speaker [26]. Among
these, Amazon’s devices were the most popular.

Intelligent personal assistants can perform arange of basic home
assistant functions, including playing music, setting alarms,
checking the weather, and searching for information. Users can
also personalize the devices by adding apps or Skills, which
further the device's capabilities [25]. Research has shown that
health and fitness apps are readily available for devices, with
health education and fitness training apps the most common
types of health and fitness apps [25]. The IPAP intervention
involved using the existing features and skills developed for
Amazon Echo devices.

I ntervention Description and Protocol

Following the completion of baseline measurements, families
recruited to both phase 1 and phase 2 of the study were randomly
allocated to either the intervention group (receive an intelligent
personal assistant) or the control group (continue as usual
without the provision of additional technol ogy within the home).
The IPAP intervention aimed to promote positive health
behaviors in the family setting through the utilization of the
functions of a smart speaker and its linked intelligent personal
assistant. Each family in the intervention arm of the study
received a smart speaker (Echo Dot, third generation, Amazon
2018 release) for use in the family home for the duration of the
intervention (12 weeks).

The research team set up an individual user account for each
family, creating a new email and password, not linked to the
family’s other email accounts (for security purposes). Each
family was provided with their log-in detail, meaning that the
research team and family members could both access the
accounts during the intervention period. Each family was
provided with adetailed information sheet on how to set up and
use the device and were instructed to contact a member of the
research team for support or troubleshooting throughout the
intervention period.

The research team was able to remotely access the devices and
set weekly tasks, prompts, and reminders for family members.
The promptsand reminders provided by the research team were
developed in line with recommendations for the management
of childhood obesity [27] and based on current public health
recommendationsin relation to physical activity [28] and dietary
habits [29]. Examples of weekly prompts or reminders and
potential waysinwhich thefamily could interact with the device
areshownin Table 1. For phase 1, theintervention content from
the device was aligned to the topics covered at each week of
the SWEET program, ensuring that the message was appropriate
for the target population. Families received one specific
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reminder or prompt per day, which was repeated at a number
of times throughout the day to maximize reach. Reminders or
prompts were delivered in the morning (before work or school)
and in the evening. Families were asked to advise the research

Calinetd

team of the most convenient times to receive the prompts or
reminders. Familieswere also encouraged to inform the research
team if they were missing the prompts or reminders. In these
instances, the timings were revised.

Table 1. Examples of intervention components delivered by the intelligent personal system.

Intervention component and type of interaction

Interaction content

Diet
Skill

Ask Mitality [device-based skill] to give you arecipe—pick asimple meal and have ago

cooking with Alexa

Task

Tip

Reminder
Physical activity

Skill

Task

Tip

Reminder

Plan your shopping list for the week and add foods to your list using Alexa
Fruit and vegetables that are fresh, frozen, or tinned al count toward your 5-a-day

How much water have you had today?

Use Alexato find some fun games that can help you be active

Kids, do 10 star jumps every morning

You should aim to be active daily—try going for a 30-min walk on most days this week
Have you been for awalk as afamily this week?

In addition, families were informed that the devices were to be
used as a health promotion tool within the home setting and
were free to add their own reminders at times convenient to
them and had complete autonomy over what Skills (apps) they
wanted to enable on their devices. A specific Skill was not
developed for thisintervention; rather, familieswere signposted
to search for Skills under the topics of Health and Fitness,
Lifestyle, Sport, Cooking, and Recipes. Within this, families
could choose the skills most suitable for their children’s age
and interests. In addition to the preprogrammed messages
controlled by the research team, families were instructed that
they were free to use the devices for other general functions,
not specific to the research project.

Families were informed during the recruitment and throughout
the intervention that the research team would aso be able to
view and manage their user accounts. Families were also made
aware that all interactions with the device would be noted by
the research team, including interactionsthat may not be linked
to the goas of the intervention, for example, asking the
intelligent system nonrelated questions.

Outcome Evaluation Measures

Within this pilot feasibility study, we aimed to evaluate the
potential of intelligent personal assistants for promoting and
maintaining physical activity and other health-rel ated behaviors
in both parents and children. Data collection was carried out at
local community centers or at the university by trained
researchers, and al participant outcome measures were assessed
at baseline and follow-up (12 weeks).

Physical Activity

Physical activity was measured using an ActiGraph GT3
accelerometer (ActiGraph LLC). Participants (parent and child
or children) wereinstructed to wear the device on the waist for
7 consecutive days, removing it only for bathing, water-based
activities such as swimming, and when asleep. During the
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measurement periods, participants were asked to keep afamily
log of when they wore the accelerometer and took it off. A
sampling epoch of 15 seconds was used for data collection.
Periods of =60 minutes of zero counts were classified as
nonwear and were removed. Cutpoints were used to estimate
time spent in sedentary behavior and light-, moderate-, and
vigorous-intensity physical activity for adults[30] and children
[31]. The primary outcome was total physical activity (light,
moderate, and vigorous physical activity combined). Secondary
accelerometer outcomes included data provision and the
proportion of participants meeting the recommended guidelines
for physical activity [28]. Participants who provided at |east
three weekdays of at |east 480 minutes of data between 5 AM
and 11.59 PM were included in the analysis. Families were
given an incentive at each time point for returning the devices
(GBP £20 [US $27] OnedAll voucher).

Health Outcomes

Height (nearest 0.1 cm) and weight (nearest 0.1 kg) were
measured according to standardized protocols. BMI was
calculated and converted to BMI z-scores using the World
Health Organization AnthroPlus software (version 1.0.4).

Family Eating and Activity Habits

Behaviors related to eating and activity habits were assessed
using the Revised Family Eating and Activity Habits
Questionnaire (FEAHQ-R). The FEAHQ-R is a 32 item
self-report instrument designed to assess changesin eating and
activity habits of family membersaswell as obesogenic factors
in the overal home environment (stimulus and behavior
patterns) related to energy balance [32]. The questionnaire was
completed by one parent on behalf of themselves, their spouse,
and their child. Summary scores were calculated for physical
activity, eating style, stimulus exposure (eg, unhealthy snacks
at home), and eating related to hunger. A reduction in scores
signifies improvements across all domains.
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Process Evaluation

Device I nteractions and Usage

The research team was abl e to access each family’s account via
their log-in details and view each interaction with the device
across the intervention period. An interaction was defined as
any engagement with the device made by a parent or child, in
addition to the reminders and information provided by the device
from the research team. A copy of al interactions was
downloaded from the device website and anonymously stored.
The research team recorded the number of interactions and the
type of interaction. Interactionswere primarily coded asrelevant
(related to physical activity or diet or well-being) or nonrelevant
(ie, not related to the intended purpose of theintervention), with
relevant interactions further coded based on their theme. For
example, “How many portions of fruit and vegetables per day
should | eat? was recorded as a relevant interaction and
subcoded under Healthy-eating question. Waking up the device,
controlling volume, and prompts such as Next song were not
recorded as interactions for the purposes of this study. In
instances where the device was not able to provide atranscript
of the voice command received, the device registered this
interaction as, “Text not found. Click here to listen to the
recording.” The research team did not listen to the voice
recordings or include these in the interaction analysis. It was
not possiblefor the research team to distinguish whether a parent
or child interacted with the device.

I ntervention Acceptability

A record of any technical issuesin relation to the smart speaker
was held by the research team. All parents in the intervention
arm of phase 1 and phase 2 were invited to participate in focus
group discussions. These discussions focused on the
acceptability of the intelligent personal assistants, intervention
fidelity, any challenges that arose during the intervention, and
suggestions for future improvements. Owing to practical issues
(timing and location), it was not possible to facilitate focus
groups with all parents, so these were replaced with
semistructured interviews. One focus group (n=4 parents) and
3 semistructured interviews (n=3 parents) were conducted with
participating parents in the intervention arm of the study. All
discussions were audiorecorded. The mean duration of the
recordings was 26 (SD 20) minutes.

Ethical Consider ations

Participantswere provided with detailed instructions on the use
of the device and the functionality of the device, that is, what
the device is capable of doing and picking up. The mute or
temporality disable functions of the device were also highlighted
to families. These instructions were developed using the
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manufacturer’s instructions. As these devices were present
within the home and accessible to both parents and children, a
protocol was developed to consider the potentia issue of
disclosure and unintended collection of data. No such issues
were observed during theintervention period. The search history
of the device waskept confidential, and the device was not used
for any other purpose during the intervention, for example,
recording information or conversations within the home. This
pilot feasibility study was approved by the Ulster University
Research Ethics Committee and was registered retrospectively
(ISRCTN16792534).

Data Analysis

Quantitative Analysis

Frequencies, percentages, means, and SDswere used to describe
data related to recruitment, retention, outcome measures,
intervention acceptability, device interactions, and usage. Data
analysis was conducted using SPSS for Windows (version 25;
SPSS Inc).

Qualitative Analysis

Focus groups and semistructured interviews were transcribed
verbatim and analyzed thematically, following a deductive
approach [33]. Following familiarization with the data, each
transcript was reviewed for meaningful quotes and
systematically coded by a member of the research team.
Potentially relevant codes were grouped together to develop
themes, which were reviewed to ensure representativeness.
These themes were then reviewed by a member of the research
team to ensure that the themes were representative of the coded
excerpts. Coding and reviewing of themes were repeated
independently by a second member of the research team.

Results

Recruitment and Retention

Phase 1

A total of 16 familiesattending the SWEET project wereinvited
to participate in the IPAP study (Figure 1). Of the 16 families
approached, one family was excluded for not meeting the
inclusion criteria and 4 families failed to respond to the initial
invitation. Of the 6 families alocated to the intervention, 2
families did not set up the device. Of those alocated to the
control arm, one family was absent for follow-up measurements,
whereas a further 2 families discontinued the SWEET project
and subsequently this study as well. Participant characteristics
aredescribed in Table 2. All adult participants were categorized
as overweight or obese at baseline.
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Figure 1. Consolidated Standards of Reporting Trials 2010 flow diagram for phase 1 participants. SWEET: Safe Wellbeing Eating & Exercise Together.

Assessed for eligibility (n=16
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Excluded (n=5)
« Not meeting inclusion criteria (n=1)
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Allocated to intervention (n=6) Allocated to control (n=5)
= Received allocated intervention (n=4) » Received allocated intervention (n=5)

= Did not receive allocated intervention (didn’t set
up device) (n=2)

‘ ‘ Follow-Up !
Lost to follow-up (absent) (n=0) Lost to follow-up (absent) (n=1)
Discontinued intervention (dropped out of SWEET
project) (n=2)
v [ Analysis } v
Analyzed (n=6) Analyzed (n=2)
» Excluded from analysis (give reasons) (n=0) » Excluded from analysis (give reasons) (n=0)
Table 2. Individual participant characteristics at baseline.
Characteristic Phase 1 Phase 2
Adults (n=11) Children (n=16) Adults (n=15) Children (n=18)
Sex, female, n (%) 10 (91) 9 (56) 11 (73) 8 (44)
Age (years), mean (SD) 40.5 (5.4) 9.1(2.0) 38.9(5.2) 7.9(2.0)
Height (cm), mean (SD)  166.0 (6.2) 141.1 (14.5) 166.9 (8.5) 130.0 (12.8)
Weight (kg), mean (SD) 97.0(22.8) 49,5 (15.4) 81.4 (15.8) 28.3(7.7)
BMI (kg/m?) 35.0(6.4) N/A 29.1 (4.9) N/A
BMI, z-score N/A 2.61(1.23) N/A 0.02(1.17)

3N/A: not applicable.

Phase 2 (Figure 2). Of 20 families, 15 were enrolled in the |PAP study,

with all familiesretained at follow-up. Participant characteristics
A total of 20 families from local community groups were are described in Table 2. Overal, 80% (12/15) of adult
approached to take part, of which 16 were assessed for eigibility  participants were categorized as overweight or obese at baseline.
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Figure 2. Consolidated Standards of Reporting Trials 2010 flow diagram for phase 2 participants.
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Outcome Evaluation M easures

Physical Activity

In phase 1, 91% (10/11) of adults and 69% (11/16) of children
met the minimum inclusion criteriafor accelerometer wear time.
At baseline, the mean valid wear time was 720 (SD 90.3) and
657.2 (SD 47.8) minutes per day for adults and children,
respectively. At follow-up, the proportion of participants
meeting the minimum inclusion wear time dropped to 55%
(6/11) of adults and 19% (3/16) of children. In phase 2, 86%
(13/15) of adults and 89% (16/18) of children met the minimum
inclusion criteriafor accel erometer wear time. At baseline, mean
valid wear time was 782.1 (SD 63.2) and 695.4 (SD 36.3)
minutes per day for adults and children, respectively. At
follow-up, the proportion of participants meeting the minimum

http://formative.,jmir.org/2021/1/e17501/

RenderX

Analyzed (n=7)
*Excluded from analysis (give reasons) (n=0)

inclusion wear time remained at 87% (13/15) of adults and
dropped to 72% (13/18) of children, indicating greater
compliance to the accelerometer outcome measure in phase 2
of the IPAP study.

Of those who fulfilled the minimum wear time criteria, 70%
(7/10) of adults and 36% (4/11) of children achieved the
recommended physical activity guidelinesat baselinefor phase
1, compared with 77% (10/13) of adults and 38% (6/16) of
children in phase 2 of the study. Owing to the small sample
size, statistical testing was not undertaken to assess changesin
physical activity before and after intervention (Table 3).
Adherenceto the accelerometer protocol may have been affected
by the timing of the intervention and follow-up measurements
coinciding with school holidays.
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Table 3. Change in accelerometer measured physical activity and sedentary behavior across the Intelligent Personal Assistant Project study (adults).

Physical activity and sedentary behavior

Intervention, mean (SD)

Control, mean (SD)

Phase 1
Baseline (n=10)
Daily physical activity (minute per day) 268.5 (35.3)
Sedentary behavior (minute per day) 4405 (115.5)
Follow-up (n=6)
Daily physical activity (minute per day) 293.7 (57.8)
Sedentary behavior (minute per day) 587.6 (132.8)
Phase 2
Baseline (n=14)
Daily physical activity (minute per day) 260.7 (35.6)
Sedentary behavior (minute per day) 562.3 (10.1)
Follow-up (n=12)
Daily physical activity (minute per day) 218.9 (40.7)
Sedentary behavior (minute per day) 513.9 (65.1)

234.2 (67.4)
492.8 (52.5)

201.1(9.5)

531.4 (26.9)

241.8 (47.7)

492.7 (56.6)

244.8 (33.1)
498.3 (21.4)

Family Eating and Activity Habits

Questionnaire data were provided by 85% (22/26) of adult
participantsat al time points. In phase 1, positive improvements
in scores for eating style were observed for adults (-1.75, SD
2.06) and children (-0.50, SD 2.81) in the intervention group,

with increases observed in the control group. In phase 2, there
was a dight improvement in both the activity level score and
stimulus exposure and control for children in the intervention
group, with al other summary scores increasing across the
intervention period (Table 4).

Table4. Changein scores for Family Eating and Activity Habits Questionnaire for adults and children in phase 2.

Characteristics Adults, mean (SD)

Intervention (n=6) Control (n=5)

Children, mean (SD)

Intervention (n=7) Control (n=4)

Activity level 0.75 (2.72) 1.70 (2.11)
Eating style 1.80 (8.56) 5.33(1.15)
Eating related to internal 0.83 (1.33) 0.00 (2.00)
cues

Stimulus exposure and con-  1.80 (4.09) 1.25 (4.99)

trol

-1.07 (8.23) -0.25 (6.65)
3.33 (6.65) -1.00 (3.00)
1.14 (1.46) -0.13 (1.55)
-0.25 (6.65) 0.00 (4.63)

Process Evaluation

Device I nteractions and Usage

Across phase 1 of the intervention, families who received a
smart speaker on average interacted with theintelligent personal
assistant (Alexa) 65 times. Waking up the device, controlling
volume, and prompts such as Next song were not recorded as
interactions for the purposes of this study. Other (including
general knowledge questions and jokes) and Music were the
most frequently observed interactions across the intervention
period. Overall, 42% of al device interactions were coded as
relevant in phase 1 (ie, related to diet, physical activity, or
well-being). Reminders or promptsinvolved the family setting
their own reminders. Examples of Skills (diet) and SKkills
(physical activity) used by families acrosstheintervention period
included fitness skills, recipe skills, and active game skills.
During phase 1, the prompts or reminders provided by the
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research team aligned with the topics and tasks the families
were covering in the SWEET project.

In phase 2, families did not attend the SWEET project, but the
intervention content largely reflected the prompts or reminders
provided to familiesin phase 1. Deviceinteractions across phase
2 of theintervention were much higher, with familiesinteracting
with the device 312 times across the intervention period
(equivalent to 31.3 interactions per week). Only 11% of
interactions were coded as relevant (related to diet, physical
activity, or well-being). Of the interactions that were coded as
relevant, the most frequent interactions were when families
asked questions about nutrition (healthy eating) or used ills
related to healthy eating, for example, recipes or healthy eating
tips.

I ntervention Acceptability

Intotal, 7 parents took part in focus groups and semistructured
interviews to discuss their experiences of the IPAP project. At
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the offset of these discussions, parents acknowledged the
prominent role of technology in their family’s everyday lives
and the need to use it in a positive way:

Technology is there, and it can be used for good and
evil. And it’s not going to go away. The way they are
growing up, they can’t avoid it really so might aswell
try and use it for good. [Family 4, mal€]

..they are probably more motivated by it
[technology], so it probably is the future for the
younger generation... [Family 6, femal€]
Parents commented that the intelligent personal system
motivated the child to engage with the intervention:

It actually motivated her quite a bit, because shewas
saying “ mummy, we need to go for a family walk
now...or |1 need to eat my fruit or..” [Family 6,
female]

Familiesfound theintervention content acceptabl e and discussed
how the prompts or reminders encouraged them to changetheir
behaviorsinafunway (Table5). Familiesalso highlighted how
they used other features, such as the skills for recipes or home
workouts (Table 5).

Families highlighted several waysto increase engagement with
the intervention, including further suggestions on how to use
the device within the home and more personalization of the
prompts or reminders. Thetiming of prompts or reminderswas
akey component of theintervention delivery, and families noted
practical issues with this, in addition to the importance of
ensuring that families were at home when the device was
interacting with them (Table 5). Parents suggested incorporating
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other technologies alongside the intelligent personal system to
facilitate this:

If it was connected to your phone, like a phone
reminder as well, because Alexa’s in the house.
[Parent 2, female]

In addition, families felt that the device needed to be linked to
some type of feedback to increase accountability and provide
familieswith opportunitiesto log their healthy eating or physical
activity (Table 5).

Parents felt that the intelligent personal assistants played an
additive role in encouraging children to be healthier and could
work alongside other types of intervention:

| still think you need the traditional ways of activity
rather than reliance on a device. [Family 6, femalg]

...if therewas an intervention or like, if there were a,
a class or some sort of, erm, programme that was
with, sent home with families and Alexa reminded
you to do it... [Family 6, femal€]

In terms of concerns about having a smart speaker within the
home, most parents commented that they were cautious of both
increasing engagement with technol ogy and the potential issues
with social media and young people (Table 5). These concerns
regarding internet access or social mediawere more prominent
from parents than issues specific to the intelligent personal
assistants themsel ves:

...he’s downloading games and | don’t know what
they are— would be quite worried; not so much that
it'slistening, | wouldn’t worry about Alexa listening,
it's not gonna hear anything in my house. [Parent 7,
female]
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Table 5. Supporting quotes from family focus groups and semistructured interviews.

Subheading Supporting quotes
Findingsrelated to intervention delivery
Device setup “It was easy to set up and easy to use. Quite interesting but, and the prompts were very good.” [Family 1,
female]

Prompts or remindersfromthere- «  “We got aprompt, quick do 10 sit ups, and I’'m like come on children, everyone on the floor, let's do
search team it! It was some craic [fun] like, and everybody just downed the phones and going to do that challenge.
They loved it.” [Family 3, female]
« “Thewholejist of it was brilliant, like the wee promptsit tells you...try this or try that, you know it's
just planting that wee seed in your head and when that wee seed's planted, obviously you are gonna
try aren’'t you, so | think it isagreat thing.” [Family 2, female]

Using other device features o “..theeasy accessto the workouts so that you could just do it at atime whenever it suited you.”
[Family 6, femal€e]

«  “Therewere acouple of occasions where we asked Alexa for a healthy recipe to make something so
we made achilli one day and we asked Alexafor arecipe ‘ cos we were prompted by the device about,
you know, healthy, eating healthily and stuff...” [Family 5, male]

o “[Child name] was new-fangled with it, she was more into the music in it, bopping about but it got
her active too, she was asking me how to do this, and will you do this‘Flossing'...it was good from
that point of view you know.” [Family 2, female]

«  “Even her homeworks, she was going out and asking, she was asking me how to spell this, | said ask
Alexa, just to get her doing things for herself.” [Family 3, male]

Overall device usage o “Weprobably could have utilised it much more but it's just the pure fact if we had more time. Erm,
and the fact that we were away from it all day long and then we came in, in the evening, it's usually
kind of arace, get the dinner made and...” [Family 6, female]

o “..but after, like, aweek or so they kind of almost forgot it was there and maybe that was our fault,
we didn’t encourage them to use it as much, erm, but the prompts | think were agood idea.” [Family
5, male]

Findingsrelated to intervention optimization

Timing of prompts or reminders « “I think there was a couple of technical glitches where the timing wasn't right because we didn’t seem
to get the prompts and we used Alexa alot like, we do ask alot of questions and stuff but, erm, it
didn’t seem to prompt us, maybe we were out at the time.” [Family 4, male]

o “Youknow, if weweren't at home..., | don’t know how many promptstherewere.” [Family 7, femal€]

Lack of feedback provided o “..butwhat it would say to me, ‘Have you had your five aday? Do | shout back, ‘ Yes, or, ‘Alexa,
yeah,’ | don’t know what way to answer...” [Family 7, femal€e]
« “If you had to log what you did, you know, because it's fair enough, erm, you could say, ‘Right, go
for afamily walk, but you know, then they come back and say, ‘Well how many kilometres did you
do? or whatever...to close the loop.” [Family 6, female]

Concerns o “ljust worry about that whole side of technology, erm, never mind Alexa but al socia media, erm,
in terms of how, how that can be utilised against them and | suppose that’s a worrying thing for me
asaparent...” [Family 6, female]

« “I'thinkif you find theright balance where, you know, | don’t like theidea of my kids being constantly
engaged to technology but | can see the benefit of , of that viaaprompt or something like that but, you
know, | wouldn’t want them to be constantly going to Alexa...” [Family 3, male]

Increasing device usage o “You know, | think they would maybe be set challenges to do because | think if they’ve, just can get
an app and do so much, I’m not sure that they’ll benefit from it.” [Family 6, femal€e]
o “lthink if it was maybe awee bit more personalised...I don’t actually know what | was supposed to

be doing with Alexa, you know...and maybe it wasin the documentation somewhere, maybe there was
aletter written somewhere that | didn’t see, that | didn’t read.” [Family 7, femal€]

instructions from the research team, meaning they did not

Practical Considerations receive the intervention content. All families in phase 2
Most families were able to set up their user accounts and link  successfully set up and used the device.

these to the smart speaker device. Overall, 2 families did not
set up their devices in phase 1 of the study. Of these families,
one parent noted that they could not set up the device because
they shared the house with another family who did not want the
device used, and the other family failed to respond to follow-up

The smart speakers had to be online to allow the research team
to set up reminders or prompts and refresh information on the
family’s interactions with the device. The 2 families in phase
2 had their devices set to Offline for extended periods, limiting
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the volume of interaction managed by the research team. A
further family in phase 2 registered the device with their own
personal Amazon account for 2 weeks during the intervention
period; therefore, the research team was unable to set prompts
or reminders or access information on the family’sinteractions
with the device over this period. A protocol was aso put in
place to cover the potential issue of disclosure of information
and unintended collection of data; however, no scenarios arose
within this study.

Discussion

Principal Findings

To our knowledge, this is the first study to outline the
development and usage of intelligent personal assistants to
promote positive health-related behaviors within the home
setting. Given the constraints that exist within current
family-based interventions, including time and travel restraints
[10], moving toward novel interventions that incorporate
web-based learning may help improve engagement and attrition
[10]. Within this pilot feasibility study, we assessed the
acceptability and feasibility of using intelligent personal
assistants alongside more traditional intervention approaches
or as a stand-alone intervention tool. This feasibility study
demonstrated that using intelligent personal assistantsto deliver
health-related messages and information within the home was
feasible, with high levels of engagement from participating
families. This work aso highlighted methodological
considerations and opportunities for intervention improvement
moving forward.

To date, thereis a paucity of research on both the devel opment
of interventions using this technology and the potential
effectiveness of such interventions. An ongoing study is
examining the role of a voice coach intervention (Amazon
AlexalEcho) on increasing levels of physical activity among
overweight and obese cancer survivors[24]. In addition, Public
Health England has used intelligent personal assistants (Amazon
Echo) to encourage parents to adopt healthy behaviors around
breastfeeding [ 34] by providing parentswith general information
and tailored advice based on the age of their child. This study
highlighted for the first time that families found this type of
intervention approach acceptable and feasible within the home
setting. Most families assigned to the intervention were able to
set up and initialize their devices and engage with theintelligent
personal assistant across the intervention period. Focus groups
and interviews with parents highlighted that the prompts or
reminders were particularly useful and commented that the
intervention encouraged the family to be healthier in afun way.

Recent research has highlighted the plethora of Health and
Fitness—related apps available for smart speakers [25], with
health education, fithess and training, and nutrition the most
frequently occurring of these apps. For the purposes of the IPAP
intervention, prompts or reminders provided by the research
team were based on the devices existing functionality, and
families were instructed to use the features aready developed
for these smart speskers. High levels of interaction were
observed across the intervention period, with a higher volume
of interactionsin phase 2. Setting reminders or prompts, asking
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questions about nutrition, and using physical activity and
nutrition apps (Skills) were the most common relevant
interactions across the intervention period.

The mean frequency of device interactions across phase 2 was
much greater (312 vs 65), but ahigher proportion of interactions
were coded asrelevant in phase 1 (42% vs 11%). This provides
important insights into how families used the devices and
suggests that linking the devices to an ongoing intervention, as
with phase 1, may be more directive in terms of prompting
families to use the device for health-related interactions. The
issue of families not adequately implementing intervention
components has been highlighted in similar feasibility work
evaluating the use of a web-based intervention to encourage
families to increase their physical activity [23]. Within this
study, families were provided with written instructions and
reminders on how to interact and engage with the intelligent
personal assistants. Parents highlighted several waysto improve
engagement with the intervention, including incorporating
challenges, providing feedback, and clearer guidance from the
intervention facilitators on how to use the device within the
home. Within thisfeasibility study, the intervention facilitators
were members of the research team. Given the important role
of facilitatorsin terms of intervention outcomes[35], providing
familieswith more guidance and training before the intervention,
and ongoing support during the intervention, may improve the
family’s utilization of the device [23].

Given the small sample size in this study, it was not possible
to statistically compare the eff ectiveness of these 2 intervention
approaches. As the families in phase 1 were already attending
the SWEET project, the results from phase 1 and phase 2 could
not be combined. A recent systematic review highlighted that
most family-based eHealth interventions combined technol ogy
with other types of delivery, for example, face-to-face
counseling, nutrition lessons, and so on, and from thisliterature,
it is difficult to ascertain the exact effect of the eHealth
component versus other approaches [16].

The development and feasibility testing of the intervention
identified several important methodological considerations.
First, the research team was not able to control the content, or
indeed validity, of the responses families received when they
asked for information on healthy eating or physical activity. At
present, there is limited insight on whether these apps are
developed based on evidence-based guidelines or available
materials[25]; therefore, ng the accuracy of educational
information provided by these devices would be an important
methodological consideration moving forward. Indeed, a
previous study examining the provision of medical advicefrom
these devices highlights the importance of cautioning users not
to use such technologies in place of medical advice without
consulting with their health care provider first [36]. Second,
families noted that the intervention in its current format did not
provide any opportunities for feedback or accountability with
limited optionsfor familiesto log their healthy eating or physical
activity. Moving forward, studies should explore the potential
of linking these intelligent persona assistants with other
technologies to monitor behaviors, set goals, and provide
feedback [37,38], which may help improve the effectiveness of
technology-based interventions [39].
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Theimplementation of theintervention was dependent on afew
factors. An important practical consideration was the capacity
of the research team to access the family’s device remotely. If
the device was switched off or the family had Wi-Fi connection
issues, the delivery of the intervention was affected, as the
research team was unable to set new reminders and prompts
during these periods. During the focus group and interview
discussions, parents highlighted how the timing of the prompts
or reminders may have affected their adherence to the
intervention. Although attempts were made to tailor the
intervention to suit the schedules of individual families, future
studies using similar intervention components should seek to
provide familieswith further guidance and ownershipinrelation
to managing the devices themselves.

Strengths and Limitations

The IPAP study adopted a cross-sectoral, interdisciplinary
approach to explore the role of intelligent personal assistants
within the home environment to promote and maintain physical
activity and other health-related behaviors in families. The
intervention development and evaluation used novel methods
to capture intervention engagement, addressing key
recommendations for research in thisfield to adopt appropriate
methodologies that enable interventions to be effectively
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evaluated [17]. This study developed the intervention content
and tested its feasibility in line with the best practice for
intervention development [40]. Owing to the small samplesize,
no statistical analysis was undertaken at this stage to evaluate
the effectiveness of theintervention. Accel erometer compliance
was low during phase 1 of the study, despite the use of
incentives to encourage adherence. In addition, device usage
was much lower across phase 1. Given that these families were
already taking part in the SWEET project at the time, they may
have felt overburdened with data collection.

Conclusions

This study demonstrates the feasibility and acceptability of a
family-based intervention using intelligent personal assistants.
This novel intervention has highlighted important
methodological considerations and provides important
suggestions to further optimize the potential of intelligent
personal assistantsto promote positive health-related behaviors
inthe home setting. Thiswork will inform future pilot and fully
powered studies to build upon this feasibility work and test
whether such interventions are effective at changing
health-related behaviors, including physical activity and healthy
eating.
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Abstract

Background: The ability to objectively measure the severity of depression and anxiety disorders in a passive manner could
have aprofound impact on the way in which these disorders are diagnosed, assessed, and treated. Existing studies have demonstrated
links between both depression and anxiety and the linguistic properties of words that people use to communicate. Smartphones
offer the ability to passively and continuously detect spoken words to monitor and analyze the linguistic properties of speech
produced by the speaker and other sources of ambient speech in their environment. The linguistic properties of automatically
detected and recognized speech may be used to build objective severity measures of depression and anxiety.

Objective: The aim of this study was to determine if the linguistic properties of words passively detected from environmental
audio recorded using a participant’s smartphone can be used to find correlates of symptom severity of social anxiety disorder,
generalized anxiety disorder, depression, and general impairment.

Methods: An Android app was designed to collect periodic audiorecordings of participants’ environments and to detect English
words using automatic speech recognition. Participants were recruited into a 2-week observational study. The app was installed
on the participants’ personal smartphones to record and analyze audio. The participants also completed self-report severity
measures of social anxiety disorder, generalized anxiety disorder, depression, and functional impairment. Words detected from
audiorecordings were categorized, and correlations were measured between words counts in each category and the 4 self-report
measuresto determineif any categories could serve as correlates of social anxiety disorder, generalized anxiety disorder, depression,
or general impairment.

Results: The participantswere 112 adultswho resided in Canadafrom anonclinical population; 86 participantsyielded sufficient
datafor analysis. Correlations between word countsin 67 word categories and each of the 4 self-report measuresrevealed astrong
rel ationship between the usage rates of death-rel ated words and depressive symptoms (r=0.41, P<.001). There were also interesting
correl ations between rates of word usagein the categories of reward-related wordswith depression (r=—0.22, P=.04) and generalized
anxiety (r=-0.29, P=.007), and vision-related words with social anxiety (r=0.31, P=.003).
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Conclusions:

Di Matteo et a

In this study, words automatically recognized from environmental audio were shown to contain a number of

potential associations with severity of depression and anxiety. This work suggests that sparsely sampled audio could provide

relevant insight into individuals' mental health.

(IMIR Form Res 2021;5(1):€22723) doi:10.2196/22723

KEYWORDS

mobile sensing; passive sensing; psychiatric assessment; mood and anxiety disorders; mobile apps; linguistics; speech recognition;

speech content; lexical choice

Introduction

Background

Depression and anxiety disorders are mental health conditions
that can, and do, impact people from all geographic and
socioeconomic areas of life. Those who suffer from these
disorders experiencealower quality of life[1], and many people
unknowingly suffer from these disordersdueto lack of sufficient
accessto mental health care or misdiagnoses|[2]. The challenge
presented by these disorders requires efforts in many areas,
including improvementsto policy, funding, outreach, treatment,
and pharmacotherapy, among others. The diagnosis and
assessment of depression and anxiety disordersis also an area
whereimprovements may reduce suffering and improve quality
of life for those living with the disorders. In this paper, we
explore how fine-grained technol ogy-enhanced observation of
patients might give insights into their mental health state.

Modern smartphones are ubiquitous devices that are equipped
with a number of sensors that can sense physical activity,
geolocation, communication patterns, and the speech of their
owners as they go about their day-to-day lives. This sensing
capability offers a potential new paradigm for diagnosis and
assessment, where instead of asking patients to report their
feelings and behaviors relevant to their mental health, it might
be possible to infer this information passively and objectively
from smartphone-collected data [3]. Given enough data over
time, these inferences may prove sufficient to act as a novel
severity measure for depression and anxiety disorders. A key
advantage of this approach would be that these severity measures
would not require expensive, unavailable, or otherwise
inaccessible mental health professionals. This study focused
specifically on how thelinguistic content of speech, recognized
from ambient audio recorded by participants’ smartphones, may
be used as correlates of severity of depression, anxiety, and
impairment due to poor mental health.

Prior Work

Our prior efforts explored audio (nonlinguistic) features and
correlates with mental health scales [4].

Thelink between the words spoken by an individual and anxiety
or depression has been investigated in 2 major subdomains. The
first is the acoustic features of words, that is, the qualities and
characteristics of the sounds produced independent of the
meaning of the words spoken. While not the focus of thiswork,
prior work has demonstrated numerous quantifiable differences
in the acoustic properties of speech in depressed individuals
[5]. Theliterature al so showslinks between voice acoustics and
anxiety [6,7].

http://formative.,jmir.org/2021/1/e22723/

The second subdomain upon which thiswork focused, linguistic
analysis, encompasses how an individual’s choice of words may
relate to symptoms of depression and anxiety. Given thisfocus,
the analysis of the written word and its relationship to anxiety
and depression is just as relevant as the spoken word, as the
methods employed in this study ignore the additional acoustic
information present in the spoken word.

The analysis of speech content and word selection, sometimes
referred to as content analysisin theliterature, has been studied
extensively in psychotherapy contexts [8]. Oxman et a [9]
demonstrated that the analysis of speech transcripts of free-form
speech could be used to classify psychiatric patients into their
respective diagnostic groups with accuracy on par with
psychiatric raters. Similar analysis of linguistic style has also
been shown to discern between psychiatric inpatients and
healthy controls—psychiatric patients used fewer words
pertaining to optimism compared to controls (among other
differences) [10].

In the linguistic analysis of depression, it has been widely
reported that first-person singular pronoun useis correlated with
depression severity. A meta-analysis of 21 studies of these
correlations confirmed this relationship, where the studies
performed analyses of multiple media, including writing, speech,
and Facebook status updates [11]. It is believed that this
relationship is as a result of the link between depression and
self-focused attention [12]. A link between first-person singular
pronoun use and social anxiety disorder was also demonstrated
[13]. Another linguistic analysis of social anxiety disorder
showed that individuals with social anxiety disorder used more
positive emotion words than individuals in the control group
[14]; the authors hypothesized that such behavior may be a
result of the desireto appease othersin the effort avoid scrutiny,
which is akey fear of social anxiousindividuals. A number of
studies [15] have mined data from social media networks (eg,
Twitter) to extract linguistic features which have then been
showed to capable to distinguish individuals with mental
disorder (eg, depression) from neurotypical controls.

Goal of This Study

While studies [11-15] have demonstrated links between the
choice of participants’ words and mental health state, the
linguistic content of their entire audio environment may shed
even more light into mental states, since the environment also
contains words spoken by others, such as members of
conversations or speakers in news or entertainment media
present in the auditory environment. Thegoal of thisexploratory
study was to determine if spoken words in recordings of
participants’ environments may be used to find correlates of
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depression, socia anxiety disorder, generalized anxiety disorder,
and general psychiatric impairment.

Methods

Overview

This study used data collected in a previous study [4].
Participants were recruited from a web-based recruitment
platform (Prolific [16]). Participants were not screened for the
presence of any psychiatric diagnoses. The study inclusion
criteria were the following: participants must (1) reside in
Canada, (2) be fluent in English, (3) own an Android phone,
(4) have completed at least 95% of their previous Prolific studies
successfully, and (5) have previously participated in at least 20
Prolific studies. The final criterion was used to ensure that
participants were proficient in using the Prolific system and
were generally technology-literate. There were no exclusion
criteriafor the study. Participantswere paid £11 (approximately
US $13.37) for participating in the study.

Participants entered a 2-week observationa study in which a
custom app was installed onto their personal Android phone.
Self-report measures of anxiety, depression, and genera quality
of life were collected at the beginning and end of the study.
Throughout the duration of the study, the smartphone app
passively collected audiorecordings of the environment
(15-second recordings approximately every 5 minutes). The
study was approved by the University of Toronto Health
Sciences Research Ethics Board (protocol 36687).

Materials and Data

Participants completed 4 self-report measures, in digital form
within the study app, at the beginning and end of the 14-day
study. A review [17] found that self-administered survey scores
do not differ when deployed by app versus other delivery modes.
These surveys were completed by participants on their own,
with no supervision by clinicians. Participants completed the
following 4 self-report measures of mental health: the Liebowitz
Social Anxiety Scale (LSAS), which is a 24-item self-report
scale used in the assessment of social anxiety disorder [18]; the
Generalized Anxiety Disorder 7-item scale (GAD-7), which is
an assessment tool for generalized anxiety disorder [19]; the
Patient Health Questionnaire 8-item scale (PHQ-8), which is
an assessment tool for depression [20]; and the Sheehan
Disability Scale, which is a 3-item scale that assesses general
impairment due to mental health [21].

The self-report scores collected at the end of the study were
used for analysis because the self-report measures ask
respondents to evaluate symptoms over the past 2 weeks,
therefore, the window of symptom assessment would coincide
with the window of electronic data collection.

To assessthe severity of the exit scores, wealso usedthe LSAS,
GAD-7, and PHQ-8 scores to screen participants for social
anxiety, generalized anxiety, and depression, respectively, using
diagnostic thresholds found in the literature. A cutpoint of 60
[22] was used with the LSAS scoresto screen for social anxiety

http://formative.,jmir.org/2021/1/e22723/
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disorder (generalized subtype). A cutpoint of 10 [19] was used
with the GAD-7 scores to screen for generalized anxiety
disorder. A cutpoint of 10 [20] was used with the PHQ-8 scores
to screen for depression.

Spoken words detected in the participants’ environments were
collected by the smartphone app. To do so, audiorecordings
were collected every 5 minutes for a duration of 15 seconds by
the app. These audiorecordings were captured consistently
throughout the study at all hours of the day. Transcripts of the
audiorecordings were generated using automatic speech
recognition software (Google Speech-to-Text [23]). Transcripts
of recordings were not checked for correctness by human
auditors to preserve participant privacy. Words from each
participants transcripts were stored in randomized order,
without any timestamps, to prevent reconstruction of their
transcripts, and the audiorecordings were destroyed after
transcripts were generated to maintain privacy.

Analysis

A software tool, Linguistic Inquiry and Word Count (LIWC;
version 2015; Text Analysis Portal for Research, University of
Alberta) was used to analyze participants’ words along anumber
of linguistic and psychological dimensions[24]. LIWCisatool
which was developed to categorize words according to both
their linguistic function (ie, what part of speech a word is
functioning as anoun, adverb, etc) and according to the words'
meanings with respect to psychologically-relevant concepts
such as emotions, social concerns, and other constructs. Some
of these categories are organized hierarchically, for example,
the affect category contains the subcategories of positive and
negative emotion, and the negative emotion category is further
broken down into anxiety, sadness, and anger. Examples of
these psychological categories, and some of the words within,
aregivenin Table 1.

Participants' environmental words were analyzed using all
possible LIWC categories except summary dimensions,
punctuation marks, and informal language. Thisresulted in 67
total categories that were tested, including the top-level
categories of function words (ie, parts of speech), other grammar
(ie, more parts of speech), affect, social, cognitive processes,
perceptual processes, bhiological processes, drives, time
orientation, relativity, and personal concerns.

Participantswho completed all study taskswereincluded inthe
analysisif the total number of words detected in their ambient
audiorecordings was greater than a minimum of 769 words.
This minimum threshold was determined by noting that LIWC
was built from a corpus of words, and the least frequently
observed word category in the corpus (the sexua words
category) had a mean frequency of 0.13% [25]. This implies
that, on average, 1 in 769 words in the corpus fell within this
category. Assuming that the word data collected from
participants are similarly distributed, we would require an
expected value of 769 words to detect any words in this
category; hence, 769 was the minimum threshold.
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Table 1. Sample of Linguistic Inquiry and Word Count word categories.

Di Matteo et a

Category

Example words

Personal pronouns
Common verbs
Positive emotion
Social processes

Death

I, them, her

eat, come, carry
love, nice, sweet
mate, talk, they

bury, coffin, kill

The resulting 67 category counts (expressed as the percentage
of total words counted which fell within that category) were
then tested as correlates of the 4 self-report measures by
computing the Pearson correlation coefficient between each
category and each measure. Significance of the correlations
were tested by computing 2-sided P values using the exact
distribution of r. Dueto the exploratory nature of this study, we
wished to concisely highlight potentially interesting associations
from thelarge number of correlations measured; therefore, only
correlations with an associated P value less than .05 are
presented. However, due to the large number of comparisons
being performed (4 scales x 67 word categories = 268
comparisons), we considered aresult statistically significant at
a Bonferroni-corrected significance level of a=.0002.

Results

Participant Demographics

Of the 112 participantswho completed the study, 86 participants
yielded sufficient datafor analysis. The study sample consisted

of 43% females (37/86) and 57% mal es (49/86), and the average
participant agewas 30.1 years (SD 8.5). Participant employment
status was as follows: 63% (54/86) were employed in full-time
work, 16% (14/86) were employed part-time, 12% (10/86) were
unemployed and job seeking, 3% (3/86) were not engaged in
paying work (eg, retired or homemaker), and 6% (5/86) reported
some other employment status. The 86 participantsincluded in
analysis and 26 participants excluded from analysis did not
differ in mean age, gender distribution, or mean score of any
of the 4 self-report measures.

Self-Report M easures

Table 2 summarizesthe self-report measures of the study sample
collected at study exit. Intake and exit scores on the LSAS,
GAD-7, PHQ-8, and SDS were significantly correlated with
r=0.90 (P<.001), r=0.81 (P<.001), r=0.86 (P<.001), and r=0.78
(P<.001), respectively. We interpreted these strong correl ations
asindicating the reliability of these measures.

Table 2. Results of screening the study sample for depression and anxiety disorders.

Diagnostic threshold

Participants over diagnostic threshold (n=86), n (%)

Measure Score, mean (SD)
Liebowitz Social Anxiety Scale 53.5(25.3) 60
Generalized Anxiety Disorder—7 6.5 (4.6) 10
Patient Health Questionnaire-8 8.5(5.5) 10
Sheehan Disability Scale 10.9(7.8) N/A2

32(37)
21 (24)
30 (35)
N/A

3N/A: not applicable.

Environmental Audiorecordings

Within the 86-participant sample, the mean number of
audiorecordings captured was 3647 (SD 802), and the mean
number of recordings that contained speech was 579 (SD 257).
On average, 16% of recorded ambient audio contained
intelligible speech. Thislow percentageis reasonable given that
recordings were performed throughout all hours of theday. The
average number of detected environmental words per participant

was 4379 (SD 2625). While the origina transcripts were
destroyed after generation, the total number of recordings that
contained detected speech was recorded for each participant.
The mean number of words was 7.4, which seems reasonable
given that the audiorecordings were 15 seconds long. All
summary statistics for the total number of recordings captured,
number of recordings found to contain speech, total detected
words, and average word length of the transcripts are presented
in Table 3.

Table 3. Summary statistics for word counts of the transcripts of environmental audiorecordings (n=86).

Statistic Mean (SD)  Minimum Firstquartile Second quartile Third quartile ~ Maximum
Total recordings captured 3646 (802) 330 3764 3908 4001 4271
Recordings containing speech 579 (257) 91 390 574 725 1288

Total detected words 4379 (2625) 841 2470 3842 5720 14882
Average number of wordsin recordingswith speech 7.4 (2.0) 3.7 6.2 6.8 8.0 155

detected
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Correlation Analysis

Table 4 presents the correlations between word counts of the
LIWC word categories with each of the 4 self-report measures
(LSAS, GAD-7, PHQ-8, and SDS) whose P values were less
than .05. All 67 categories are presented in Multimedia
Appendix 1.

Of the correlations presented in Table 4, only the correlation
between the death category and PHQ-8 scores was statistically
significant (P<.001) at aBonferroni-corrected significance level
of a=.0002. This positive correlation shows that higher rates
of death-related words detected in the environment are
associated with stronger self-reported symptoms of depression.

Di Matteo et a

Interestingly, the rates of words detected in the positive emotion
and negative emotion categories were both measured as having
very low associations with all self-report measures, with the
absolute value of the Pearson r measured under 0.2 in all cases.
The rates of words detected in the negative emotion category
were most strongly correlated with the PHQ-8 (r=0.15, P=.17).
The rates of words detected in the positive emotion category
were also most strongly correlated with the PHQ-8 (r=—0.18,
P=.09). Correlationsand P valuesfor all associations, including
word rates in the positive emotion and negative emotion
categories, are presented in Multimedia Appendix 2.

Table4. Top correlations between Linguistic Inquiry and Word Count categories and Liebowitz Social Anxiety Scale, Generalized Anxiety Disorder—7,

Patient Health Questionnaire-8, and Sheehan Disability Scale scores.

Word category Percentage of total words, mean (SD) Correlation, r P value

Liebowitz Social Anxiety Scale

death 0.16 (0.10) 0.32 .002
home 0.45 (0.14) 031 .003
see 1.26 (0.28) 0.31 .003
sexual 0.22 (0.29) -0.24 .02
Generalized Anxiety Disorder—7
reward 1.61 (0.30) -0.29 .007
death 0.16 (0.10) 0.27 01
friend 0.35(0.15) 0.26 .02
prep 11.75(1.10) 0.24 .03
bio 2.07 (0.59) -0.23 04
relativ 13,57 (1.10) -0.22 04
Patient Health Questionnaire-8
death 0.16 (0.10) 041 <.001
function 55.31 (3.13) 0.24 .02
home 0.45 (0.14) -0.24 .03
reward 1.61 (0.30) -0.22 04
Sheehan Disability Scale
death 0.16 (0.10) 0.28 .009
friend 0.35(0.15) 0.24 .03
negate 2.29 (0.52) 0.23 .03
Discussion e e e
Key Findings spoken or written by participants, whereas we included al the

A key finding is the correlation between the proportion of
detected words within the concept of death and all self-reported
measures. This correlation was positive in al cases, meaning
individual s who had more death-related words detected in their
ambient audio displayed worse self-reported symptoms of social
anxiety, generalized anxiety, depression, and mental
health-related functional impairment. The association between
the use of death-related words and depression is in line with
previous studies [26,27] showing that depressed individuals

http://formative.,jmir.org/2021/1/e22723/

words detected in the participants’ environments.

Other Interesting Findings

In light of the fact that only the correlation between rates of
death-related words and the PHQ-8 was statistically significant,
it is important to note that the Bonferroni correction is known
to be conservative and can cause important relationships to be
deemed nonsignificant [28]. That being said, thiswork hasalso
reveadled other interesting potential relationships between
different environmental words and mental health.
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The first was the positive correlation between vison-related
words (the see category, including words such as“ view,” “ saw,”
and “seen”) and self-reported symptoms of social anxiety
(r=0.31, P=.003). Higher rates of these words being associated
with worse symptoms of social anxiety may be related to a
known feature of the disorder. Specificaly, individuals with
socia anxiety disorder fear the scrutiny of others, and socially
anxious individuals will attempt to detect this scrutiny by
visually attending to the others, especially the faces of others
[29]. It may be that individuals verbalize this concern about
observing this scrutiny throughout their days.

Another interesting relationship was the negative correlation
between the rates of the reward-rel ated wordsin the environment
and self-reported symptoms of generalized anxiety (r=—0.29,
P=.007) and depression (r=—0.22, P=.04). Lower rates of words
in this category, such as “take,” “prize” and “benefit” were
associated with stronger symptoms of generalized anxiety and
depression. In the case of depression, this observed association
may be linked to the known deficit in reward processing, and
therefore, low hedonic tone noted in depressed individuals
[30,31]. If the rates of reward-related words can be used as a
proxy for reward-seeking, then lower usage rates of
reward-related works might be a result of this diminished
capacity to focusor search out and respond to rewards. Thelink
between reward and anxiety is less well-understood, but Gray
and McNaughton [32] posited that a key feature of anxiety is
related to failure or loss of reward. In this sense, anxious
individuals may avoid reward-seeking to avoid triggering
anxiety related to potential loss of reward. Again, if rates of
reward-related works can be used asa proxy for reward seeking,
this may shed some light on the observed relationship between
reward-related words and symptoms of generalized anxiety.

Ambient Versus Participant-Only Content Analysis

A key feature of the methodology employed in our study isthat
the environmental audio recorded for each participant contained
speech from any speaker in the environment—the participants
themselves but al so other humans and recordings (eg, television,
radio, music, etc). To the best of our knowledge, no other studies
have performed linguistic analysis of audio transcripts
containing speech from all ambient sources. This is important
to keep in mind when we discuss previous studies that focus
only upon speech or writing produced by the participant.

To provide some insight into the impact of other voicesin the
ambient audio and thisstudly, it isuseful to first have an estimate
of how much ambient speech is typically produced by the
participant and how much comesfrom other sources. One study
[33], which employed asimilar audiorecording technology (with
wrist-worn smart watches), determined that, of the detected
speech in the environment, roughly 18% was produced by the
participant, another 18% came from other present people, and
54% from TV and radio. While the presence of other sources
of speech in the audio, and therefore in the transcripts, is a
confounding factor, it may also contain relevant information.
While other individualswill be thought of as polluting the data,
the individuals with whom one chooses to associate with may
influence one’'s own state of mind and mental health, especially
with regard to depression [ 34]. Similarly, the presence of words

http://formative.,jmir.org/2021/1/e22723/
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produced by TV or other media in the environmental audio
could be a confound but may also contain useful information.
Aswith the company they keep, participants choices of media
may be reflective of their state of mind and mental health. For
instance, one study [35] of film preference and mental health
showed an association between preference for film noire movies
and depression.

Comparisons With Other Studies

The most reported association between participant-only word
categories and mental health in the literature is the association
between the use of first-person personal pronouns and
depression. A meta-analysis [11] estimated the correlation to
be small (r=0.13, 95% Cl 0.10-0.16). This correlation was also
measured to be quite weak in our study of ambient speech
(r=0.11, P=.30) but with weaker confidence due to a much
smaller sample size.

Several studies[36,37] have investigated associations between
participant-only linguistic content in social media posts and
self-reported measures of anxiety and depression; these same
studies have also used LIWC in their analyses and so can be
compared with our work. The comparison has the caveat that
our work explored speech from other parties in addition to the
participant. A linguistic analysis of Facebook posts revealed
positive correlations between the sadness self-speech word
category and self-reported anxiety (r=0.34, P<.01) [36], whereas
our study measured the ambient speech correlation to be much
weaker (r=0.07, P=.51). They also measured the correlation
between the sadnessword category and self-reported symptoms
of depression (r=0.22, P<.01) [36], which corresponds more
closely to our results (r=0.17, P=.13). Another linguistic analysis
of Facebook data also found the sadness LI1WC word category
to be a significant predictor of depression diagnosis
(standardized regression coefficient 3=0.17, P<.001) [37].

Limitations

One technical limitation of this study was the sampling
technique used to capture ambient audio. Ambient
audiorecordings were produced quite frequently, once every 5
minutes, but for a short duration (only 15 seconds). The short
duration of recording helpsto preserve smartphone battery life,
but it is likely that some conversations or utterances were not
capturedinfull. A more sophisticated sampling technique would
record for avariable duration, extending the recording window
until silence was detected, so that complete conversations or
utterances were captured.

A fundamental limitation is due to the manner in which the
environmental audio is used to generate transcripts. Automatic
speech recognition software does not perform aswell ashuman
transcribers for audio recorded in noisy environments or for
audio containing multiple speakers who may be interrupting
one another. Furthermore, this software is often being updated
and improved; therefore, reproducibility and the ability to do
direct comparisons is a key concern for future studies. While
thislimitation is significant, it isimportant to also note that the
accuracy of Google's Speech-to-Text API (which was used in
this study) has been evaluated in clinical talk-therapy settings
and demonstrating 83% sensitivity and 83% positive predictive
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value in detecting death-related words [38], which implies Conclusion

acceptable validity for the use of this type of data in our s dy has explored how the proportions of detected words
analyses. in ambient speech audio across different grammatical and

A final limitation is related to the use of LIWC to perform the ~ psychological categories may be associated with self-reported

linguistic analysis of the transcripts of environmental audio. Symptoms of social anxiety, generalized anxiety, depression,

LIWC isadictionary-based tool, and as such, categorizeswords ~ and general psychiatricimpairment. We have highlighted several

without looking at contextual information that iskey to human ~ potential  relationships, including associations between

language, ignoring sarcasm, metaphor, and analogy. death-related words, reward-related word, and wordsrelated to
vision being potentially associated with self-reported measures
of social anxiety, generalized anxiety, depression, and general
psychiatric impairment.
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Abstract

Background: The COVID-19 pandemic is a severe global health crisis. Wearing a mask is a straightforward action that can be
taken, but shortage of stock and equity of allocation were important issues in Taiwan. Furthermore, increased anxiety leading to
the stockpiling of masks has been common during the pandemic.

Objective: Weaim to summarize the name-based mask rationing plan implemented in Taiwan and explore the public’s perceived
anxiety about mask shortages.

Methods: The government of Taiwan took action to control the supply and allocation of face masks. We summarize the timeline
and important components of the mask rationing plan. A survey that aimed to investigate the overall response to the mask rationing
plan was answered by 44 participants.

Results: Themask rationing plan wasimplemented in late January 2020. Daily production capacity wasincreased from 2 million
masksto 16 million masksin April 2020. People could buy 9 masksin 14 days by verification viatheir National Health Insurance
card. Digital face mask availability mapswere created. Moreover, the mask plan safeguarded the purchase of masks and resulted
in decreased anxiety about a mask shortage (4.05 [SD 1.15] points; 72.7% [n=32] of participants answered “agree” or “strongly
agree”). The majority of people felt that the mask plan was satisfactory (4.2 [SD 0.92] points; 79.5% [n=35] of participants
answered “agree” or “strongly agree”).

Conclusions. We found that the unique name-based mask rationing plan allowed for control of the production and supply of
masks, and contributed to the appropriate all ocation of masks. The mask rationing plan not only provided the public with physical
protection, but also resulted in reduced anxiety about mask shortages during the pandemic.

(IMIR Form Res 2021;5(1):€21409) doi:10.2196/21409

KEYWORDS

coronavirus; COVID-19; novel coronavirus, SARS-CoV-2; mask; rationing; Taiwan; anxiety; mental health; observational; crisis,
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Introduction

The COVID-19 pandemic has become a severe global crisis
and there were more than 20 million cases as of late August
2020[1]. Thisdiseaseishighly contagiouswith protean clinical
manifestations, making it difficult to prevent disease spread
[2-4]. The Tawanese government implemented several
strategies early on and Taiwan had a relatively controllable
situation [1,5]. As of late August, Taiwan had a total of 496
cases (approximately 20 cases per million residents), with 7
mortalities [6]. Taiwan's success in combating COVID-19
captured our attention and mask use in the public was believed
to play acrucial rolein the battle against COVID-19 [7-9].

Wearing masks to protect against viral transmission is
straightforward but attitudes toward mask use varied across
countries [10]. The recommendations regarding mask wearing
varied across time and as the severity of the pandemic changed
[6,20]. Some people felt discomfort due to having something
covering their faces and were afraid of asphyxia; as a result,
some people were not willing to wear amask. Furthermore, the
protective effects of wearing maskswere doubted in some aress.
The protective effectiveness of wearing a mask during a mass
gathering wasinvestigated and arelativerisk of 0.89 wasfound
[11]. Wearing a mask was found to result in alarge reduction
of infection risk (adjusted oddsratio 0.15) in arecent systematic
review [7]. Although controversies related to wearing masks
existed, wearing a mask was believed to be protective during
the pandemic [6].

Wearing a mask is common in Asian countries; prior to the
COVID-19 pandemic, people wore masks in public places to
prevent infection. Due to the sudden, unexpected, and
overwhelming pandemic, peopl e panic-bought masksin Taiwan.
Increased anxiety about mask shortages|ed to people stockpiling
masks. Thus, the shortage of mask storage, soaring prices, and
equity of allocation were important issuesin the early phase of
the COVID-19 pandemic. The government of Taiwan took
action to control the supply and allocation of face masks; this
unique mask plan was believed to have greatly contributed to
the success of the battle against COVID-19 in Taiwan [5,9,12].
Furthermore, mask-buying surged since the pandemic and
anxiety about inadegquate mask supply was aso noted. In
addition to medical illness, mental health issues might arisein
responseto the COVID-19 pandemic [13-16]. Reallocation and
aguarantee of available masks may reduce panic buying during
the pandemic. We aim to summarize the unique name-based
mask rationing plan in Taiwan and study whether the mask
rationing system might have contributed to areductionin public
anxiety about mask shortages during the COVID-19 pandemic.

Methods

Our study was approved by the ethical committee of MacKay
Memorial Hospital, Taipei, Taiwan (registration number
20MMHIS140e). We summarize here the strategies undertaken

http://formative.,jmir.org/2021/1/e21409/
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by the government of Taiwan, as well as details of the
name-based mask rationing plan, taken from the website of the
Centers for Disease Control, Taiwan (CDC) [5]. As the face
mask production rateincreased, therationing plan evolved over
time.

To investigate the potentially psychogenic impacts of the mask
plan, we also conducted a ssimple survey with a 5-point scale
guestionnaire that aimed to investigate the overall response to
the mask rationing plan. Taiwanese residents aged >18 years
were freely recruited at the entrance of our hospital. They were
able to read and write Mandarin. The questionnaire was
anonymous and not related to medical services. There were 10
simple questions using plain language and it took approximately
1-2 minutes to finish the questionnaire (Table 1). Question 1
explored the respondent’s attitude toward mask use. Questions
3, 4, and 8 investigated the number of masks required by the
respondent. Questions 5 and 9 were regarding the prices of
masks. Questions 2 and 6 surveyed the respondent’s perceived
anxiety about a potential mask shortage. Finally, questions 7
and 10 investigated the waiting time required to buy masks and
the respondent’s satisfaction with the mask plan. Participants
completed the questionnaire between April 24 and April 30,
2020.

Results

Figure 1 shows the timeline of Taiwan’s confirmed cases and
the evolution of the name-based mask rationing plan. Figures
2-4 show the different versions of the mask rationing plan. The
first case of COVID-19 in Taiwan was diagnosed on January
21, 2020, and a “National Mask Team” was formed in late
January [5]. All mask factories were recruited and mask
machines were provided by the government to ensure Taiwan
was able to produce masks quickly. All masks were allocated
by the government and people could buy masks at local
pharmacies using a unique name-based mask rationing plan.
Verification during purchase was required to ensure every
resident could buy the masks they needed and to reduce mask
stockpiling. Purchases were verified using a national health
insurance card and everyone was allowed to buy 2 masksin a
7-day span in early February 2020 (Figure 2). Initialy,
production capacity was 2 million masks per day in late January
2020. Production capacity increased to 10 million masks per
day in late February 2020. The mask plan evolved to 2.0 and
real-time mask maps were established to show the availability
of masks. Figure 3 shows the user interface of one software
application [17] for face mask availability, deployed on
websites, social networking sites, and mobile apps in Taiwan
[5,18]. Asof April 2020, Taiwan had an adequate mask supply
and could donate masks to help other countries. The daily
production capacity was approximately 16 million masks and
people could buy 9 masks during a 14-day period. The mask
plan evolved to 3.0 and residents of Taiwan could make online
reservations and payments and buy masks at convenience stores
(Figure 4) [19].
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Figure 1. Timeline of confirmed cases in Taiwan and the mask rationing plan. (A) January 21: The first confirmed case in Taiwan. (B) January 24:
Thefirst day of the export ban on masks. (C) January 28: Thefirst local case of COVID-19. (D) January 31: Mask factories are identified and provided
with mask-making machinery. (E) February 6: Implementation of the mask rationing plan begins. (F) Late February: Mask production was increased
from 1 million per day in early February to 10 million per day. (G) March 12: Version 2.0 of the mask rationing plan begins. (H) April 8: Masks are
donated to other countries. (1) April 9: Version 3.0 of the mask rationing plan begins.
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Figure 2. Mask rationing plan 1.0, published on the Ministry of Health and Welfare's Facebook page. Illustration of a new procedure for purchasing
medical face masks, which was announced by the Ministry of Health and Welfare of Taiwan on February 6, 2020. Surgical masks can be purchased at
local pharmacies upon presentation of aNational Health Insurance card. Medical staff are permitted 1-2 masks per day and others can purchase 3 masks
per week. A real-time mask map website provided information on mask availability.
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Figure3. Mask rationing plan 2.0. Screenshot of amap-view software application for face mask availability. Mask purchases can be made by reservation
using amobile app and are available for purchase at convenience stores. Digital mapping software displays information including the pharmacy name,
available quantity of adult-sized masks, available quantity of child-sized masks, opening hours, pharmacy phone number, pharmacy address, update

time, and opening hours of nearby pharmacies. The triangle colors correspond to the availability of different types of masks or data about masks.
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The questionnaire was administered to 44 adults residing in
Taiwan. Table 1 shows the responses of the 44 participants to
guestionnaires investigating their need for masks and their
satisfaction with the mask plan. Most participants agreed that
mask wearing is protective (average score of 4.8 [SD 0.47],
with 42 participants [95.5%] answering “agree” or “strongly
agree”). On average, people needed 1 mask per day (question
8) and the amount allocated per person might be inadequate
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(average score of 2.07 for question 3 and 2.98 for question 4).
Some participantsfelt anxiousif they could not buy an adequate
number of masks (score 3.7 [SD 1.22], with 26 participants
[59.1%)] answering “agree” or “strongly agree”) and the mask
plan may have contributed to decreasing thisanxiety (score 4.05
[SD 1.15], with 32 participants [72.7%] answering “agree” or
“strongly agree”). The average acceptable pricewas 5.23 NTD
(US $0.19) per mask and the price of each mask distributed
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through the mask plan was 6 NTD. The average amount of time
participants were willing to stand in a queue to buy masks was
20.1 (SD 15.2) minutes. In addition, the mgjority of respondents

Tai et d

felt that the mask rationing plan was satisfactory (average score
of 4.2[SD 0.92] points, with 35 participants[79.5%] answering
“agree” or “strongly agree”).

Table 1. Participant responses to questionnaires investigating the need for masks and their satisfaction with the mask plan (N=44).

Questions Average response® Participants answering disagree or  Participants answering agree or
strongly disagree, n (%) strongly agree, n (%)

1.1 believethat wearingamask may 4.8 (0.47) 0(0) 42 (95.5)

decrease therisk of infection.

2. | feel anxiety if | am unable to 3.7(1.22) 7(15.9) 26 (59.1)

buy masks.

3.1 need only 3 masksfor 1 week. 2.07 (1.18) 30(68.2) 6 (13.6)

4.1 need only 9 masksfor 2 weeks. 2.98 (1.47) 19 (43.2) 19 (43.2)

5. | feel the priceistoo high. 2.75(1.43) 19 (43.2) 11 (25)

6. A mask rationing plan will de-  4.05 (1.15) 5(11.4) 32(72.7)

crease my anxiety.

7.Ingenerd, | feel that themask 4.2 (0.92) 3(6.8) 35(79.5)

rationing plan in Taiwan is satisfac-

tory.

8. On average, how many masksdo 1.03 (0.37) N/AP N/A

you use per day?

9. | think areasonable price per 5.23(2.71) NTD (US$0.19[$0.1]) N/A N/A

masK is...

10. How many minuteswould you  20.1 (15.2) minutes N/A N/A

stand in a queue to buy masks?

8Responses to questions 1-7 are presented as mean (SD), where 1=strongly disagree and 5=strongly agree; questions 8-10 were open-ended questions.

BN/A: not applicable.

Discussion

In Taiwan, several strategies were implemented to reduce the
spread of COVID-19 and the unique name-based mask rationing
plan was believed to play a crucial role in Taiwan's success in
the battle against the virus [5]. This mask plan was executed in
January 2020. In this study, we summarized the timeline of the
mask plan and introduced some details about clinical practice.
Furthermore, we conducted a survey to investigate public
responses to the mask plan and whether the mask plan may
contribute to decreased anxiety about mask availability.

There have been controversies about the protective effectiveness
of masks. In addition, attitudes toward wearing masks have
varied across countries. Wearing aface mask isastraightforward
and simple measure that the general public can use to prevent
the spread of contaminated dropletsand limit virustransmission.
Specialized medical masksare acritical component of personal
protective equipment in clinica settings. However, the
effectiveness of mask use among thosein the general community
remains controversial [7,10,20]. Wearing masks is a common
practice in Asian countries, although thisis not the case among
all cultures [10,21]. Taiwan and some other Asian countries
mandated mask wearing in public places, while wearing masks
was not mandatory in other countries, such asthe United States,
Canada, and some European countries. As time went by,
mounting evidence demonstrated the benefit of mask wearing
for reducing infection spread and it has since become acommon
recommendation [6]. Additionally, rather than simply wearing

http://formative.,jmir.org/2021/1/e21409/

amask due to its potential protective effectiveness, wearing a
mask may also be a symbol of safety in some countries [21].
During the COV1D-19 pandemic, despite soaring prices, supplies
of face masks were rapidly depleted and they quickly became
unavailable at stores in the community. Mask stockpiling was
not beneficial for infection control and reducing disease spread.
In addition, the shortage of personal protective equipment,
including masks, among frontline health care personnel also
increased the risk of nosocomial infection. To improve the
situation, the government of Taiwan implemented a mask
rationing plan. The recruitment of all mask factories and an
increase in production capacity ensured adequate mask
production. The name-based system ensured equitable allocation
and peoplefelt less anxious because they could purchase masks.
The COVID-19 pandemic is ongoing and this nationwide
name-based mask plan may serve as a reference for policy
makers worldwide.

The pandemic can cause stress and approximately 1 in 5
COVID-19 survivors experienced mental health problemswithin
90 days of their COVID-19 diagnosis [22]. The use of masks
at the community level may be associated with better mental
health [16]. Our questionnaire asked respondents about anxiety
related to the face mask shortage at the beginning of the
COVID-19 pandemic. People agreed that masks were likely to
provide them with effective protection (95.5% [n=42] of
participants answered “agree” or “strongly agree”) and more
than half of the participants (59.1%, n=26) felt anxious if they
were unable to obtain them. However, the required quantities
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of masks differed among respondents and not everyone was
satisfied with the number of masks allocated under the plan (the
percentage of participants saying they “disagree” or “strongly
disagree” that agiven number of maskswas adequate was 68.2%
[n=30] for question 3 [3 masksin 1 week] and 43.2% [n=19]
for question 4 [9 masks in 2 weeks]). The mask rationing plan
safeguarded mask purchasing and reduced the public’s perceived
anxiety about mask shortages (among 72.7% [n=32] of
participants). In a study performed in Poland, Maciaszek et al
[23] also indicated an overall decrease in psychopathological
symptoms after wearing face coveringsin public spaces became
obligatory. The mask plan ensured everyone had some masks
to wear and this may have had psychological benefits. The
implementation of this name-based mask plan and the high
uptake of mask wearing may not only have prevented virus
transmission, but al so decreased anxiety about mask shortages.
Although the specific price individual s were willing to pay per
mask and acceptable waiting time in queues to purchase masks
differed, 4 out of 5 peoplefelt that the mask rationing plan was
satisfactory (79.5% [n=35] answered “agree’ or “strongly
agree”). Further studies are warranted to elucidate the full impact
of the mask plan.
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While controversy regarding the effectiveness of mask use
remains and our study was limited to a small group of
responders, the results from this pilot study suggest that the
nationwide strategy of mask rationing contributed to the
appropriate allocation of masksand areduction in anxiety about
mask shortages. The diagnosis of psychiatric conditions is
rigorous and based on the Diagnostic and Statistical Manual of
Mental Disorders. We did not aim to confirm a causal
relationship between the mask shortage and mental illness;
rather, we conducted this preliminary study to indicate whether
thereis a potential relationship between the mask plan and the
public's perceived anxiety during the pandemic. Further
large-scale population-based studies are required to draw
stronger conclusions.

In conclusion, the disease burden of the COVID-19 pandemic
was dtill increasing when the name-based mask plan was
implemented and the mask plan contributed to the success of
Taiwan'sbattle against COVID-19. In this study, we highlighted
theimportant timeline dates and components of this mask plan;
this may serve as areference for policy makers. The mask plan
safeguarded mask allocation and may also have decreased
perceived anxiety during the pandemic. Further studies are
required.
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Abstract

Background: Hesalth care workers are at the front line against COVID-19. The risk of transmission decreases with adequate
knowledge of infection prevention methods. However, health care workers reportedly lack a proper attitude and knowledge of
different viral outbreaks.

Objective: This study aimed to assess the knowledge and attitude of health care workers in Saudi Arabia toward COVID-19.
Assessment of these parameters may help researchers focus on areas that require improvement.

Methods: A cross-sectional questionnaire study was conducted among 563 participants recruited from multiple cities in Saudi
Arabia. An online questionnaire was shared viasocial mediaapplications, which contained questionsto health care workers about
genera information regarding COV1D-19 and standard practices.

Results: The mean age of the study population was 30.7 (SD 8) years. Approximately 8.3% (47/563) of the health care workers
were isolated as suspected cases of COVID-19, and 0.9% (n=5) were found positive. The majority agreed that social distancing,
face masks, and hand washing are effective methods for preventing disease transmission. However, only 63.7% (n=359) knew
the correct duration of hand washing. Almost 70% (n=394) strictly adhered to hand hygiene practices, but lessthan half complied
with the practice of wearing a face mask. Significant differences in health care workers' attitudes were observed on the basis of
their city of residence, their adherence to COVID-19 practices, and their compliance with the use of a face mask. Among the
health care workers, 27.2% (n=153) declared that they will isolate themselves at home and take influenza medication if they
experience COVID-19 symptoms.

Conclusions:  The mgjority of health care workers in Saudi Arabia presented acceptable levels of general knowledge on
COVID-19, but they lack awareness in some crucial details that may prevent disease spread. Intense courses and competency
assessments are highly recommended. Prevention of disease progression is the only option for the time being.

(JMIR Form Res 2021;5(1):e21220) doi:10.2196/21220
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Introduction

SARS-CoV-2 is a novel virus of the large group of
coronaviruses circulating in the environment and is thought to
originatefrom bats[1]. Previous outbreaks such as severe acute
respiratory syndrome (SARS) in 2003 and Middle East
respiratory syndrome (MERS) in 2015 share similarities with
COVID-19[2]. Thisnovel viral outbreak was epidemiologically
linked to the Hua Nan seafood and wet animal wholesale market
[3]. Moreover, SARS-CoV-2 was first discovered in Wuhan
City, Hubei Province, China, by Chinese authorities. It was
initially reported to manifest as pneumonia cases of unknown
etiology on December 31, 2019 [4]. Later on, China officialy
announced theidentification of anovel virus, which caused the
pneumonia. Shortly after, the World Health Organization
(WHO) had declared the outbreak of a novel coronavirus [5].
In February 2020, the disease was named COVID-19 [6].

People infected with COVID-19 may experience awide range
of symptoms, from mild to severe illness. These symptoms
include cough, shortness of breath, fever, muscle pain, chills,
sorethroat, and |oss of the sense of taste or smell [7]. However,
these symptoms are not universal, as other studies have reported
patients with gastrointestinal symptoms such as nauses,
vomiting, or diarrhea[7].

According to the WHO, approximately 80% of COVID-19
patients in China experienced mild symptoms and recovered
without any medical intervention [8], while 14% of them had
experienced severeillness, and 5% werecritically ill. However,
the risk of having severe illness is higher in the elderly and
individuals with underlying chronic diseases such as cancer,
diabetes, and lung diseases [8].

Regarding the current state of COVID-19 in Saudi Arabia, the
government imposed acurfew from March 23 to June 20, 2020.
Mosques, schools, and businesses were closed during that
period, and travel was restricted. At the time of writing, Saudi
Arabia has reported approximately 49,176 COVID-19 cases,
which is lesser than those reported in western countries [9]. In
health care settings, all COVID-19 patients were initially
hospitalized regardless of disease severity and treated free of
charge, including visa violators [10]. Similar to the rest of the
world, Saudi Arabia had experienced a shortage of personal
protective equipment (PPE), prompting recommendations from
the Saudi Center for Disease Prevention and Control on the use
and reuse of available PPE [11]. Furthermore, outpatient clinics
started seeing most patients virtually, and nonurgent
consultations were reschedul ed.

According to the Saudi Ministry of Health (SMOH)’ s statistical
yearbook of 2018, the health care workforce includes 36,717
physicians, 83,616 nurses, 3277 pharmacists, and over 50,000
allied health personnel [12]. Furthermore, health care workers
areat thefront line and directly comein contact with COVID-19
patients. Consequently, they are alwaysat high risk of infection.
The transmission of any disease among health care workersis
mainly associated with overcrowding, the absence of isolation
facilities, and environmental contamination [13]. However, the
transmission risk might also be related to inadequate knowledge
of methods for infection prevention [14]. Consequently, health
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care workers need to have adegquate awareness of proper
infection prevention practices. In a study conducted at District
2 Hospital, Ho Chi Minh City, Vietnam, the majority (88.4%)
of health care workers had adequate knowledge of COVID-19,
and 90% of participants have a positive attitude toward
COVID-19[2].

It is essential to have infection control guidelines with the best
available evidence to deal with COVID-19 in every health care
setting and maximally avoid exposure to the virus. Emphasis
should be placed on hand hygiene, which is known to be the
best way to prevent the spread of microorganismsand microbial
infections in health care facilities [15]. Education on proper
PPE, patient screening, and mask use should be provided in
accordance with the guidelines of the WHO and the Centersfor
Disease Control and Prevention (CDC) [16-18]. Previous studies
have reported that health care workers might lack a proper
attitude and knowledge toward SARS and MERS [19-21].
Therefore, this study aimed to assess the knowledge and attitude
toward COVID-19 among health care workersin Saudi Arabia.
This assessment may help prevent disease transmission by
identifying areas requiring intervention.

Methods

Study Design

A cross-sectional questionnaire-based study was performed
with health care workers in Saudi Arabia to assess their level
of awareness, knowledge, and perception of COVID-19, their
level of adherenceto the applied curfew, and their understanding
of methodsfor infection prevention. Convenience sampling was
carried out by sending the questionnaire through social media
platforms (Twitter and WhatsApp), as face-to-face interviews
were unavailable owing to curfew regulations. Considering this
data collection method, the number of health care workerswho
received the questionnaire could not be identified because they
were encouraged to share the questionnaire within their social
circle of health care workers; however, the initial number of
health care workers among whom the questionnaire was shared
was 1068. The study included health care workers within Saudi
Arabia, while those who did not complete the questionnaire or
those who worked abroad were excluded. A self-administered
guestionnaire was developed and distributed from April 30 to
May 14, 2020. The questionnaire covered the following items:
sociodemographic data such as age, nationaity, city of
residence, and employment status during the curfew.

Cities were divided as large (population >300,000), medium
(population ranging 100,000-300,000), and small (population
<100,000) cities. The categorization of cities sizes was based
on the measures of the Saudi General Authority for Statistics
[22]. The questionnaire also assessed the level of knowledge
using “agree,” “neutral,” and “disagree” statements, which also
included questions about the duration of hand washing,
COVID-19 symptoms, and the timing for COVID-19 testing.
Regarding symptoms, the respondentswere provided with alist
of established COVID-19 symptoms and asked to chooseitems
related to the disease. The Saudi guidelines recommend
COVID-19 testing when individuals experience severe
respiratory symptoms or flu-like symptoms, or if they comein
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contact with positive individuals or those with flu-like
symptoms. These options were provided to the participantsin
addition to “any time.” The complete questionnaireis available
asMultimediaAppendix 1. After explaining the study objectives
to the participants and assuring their confidentiality, the
participants were asked to complete the questionnaire. At the
end of the questionnaire survey, an email regarding any inquiries
was sent to the participants. Informed consent was obtained
before data collection, and no identifiers were requested. None
of the responders was compensated, and the data were only
accessible to the authors to assure confidentiality. The study
received ethical approval from the King Abdullah International
Medical Research Center (RJ20/079/J).

Statistical Analysis

Data were entered and analyzed using SPSS (version 25, IBM
Corp). Data are presented as ranges, means, SD, medians, and
QR for quantitative variabl es and frequencies and percentages
for qualitative variables. Between-group comparisons were
performed using X2 or Fisher exact tests. Results are also
expressed as odds ratio (OR) and 95% CI values. P values less
than .05 were considered statistically significant.

Shaikhain et &l

Results

A total of 563 health care workers completed the questionnaire
survey. As indicated in Table 1, the participants’ ages ranged
from 21 to 69 years. The mgjority of participants (n=537, 95.4%)
were Saudi nationals. Furthermore, 47 (8.3%) health care
workers were isolated as suspected COVID-19 cases, and 5
(0.9%) of them tested positive.

Table 2 summarizes the levels of knowledge among the
participants, indicated through “ agree,” “neutral,” and “ disagree”
guestions. Most of the cohort (n=542, 96.3%) agreed that
COVID-19 is a pandemic, while 71.2% (n=401) thought it is
more dangerous than seasonal influenza. The highest percentage
of agreement (n=547, 97.2%) was obtained for social distancing
being an effective method to prevent COVID-19 transmission,
followed by hand washing (n=544, 96.6%) and impending
curfew (n=542, 96.3%). Furthermore, 33.6% (n=189) of health
care workers agreed that COVID-19 transmission could be
prevented by wearing gloves.

Table 1. Sociodemographic characteristics of health care workersin Saudi Arabia (N=563).

Criterion Value
Age (years)

Range 21-69

Mean (SD) 30.7(8)

Median (IQR) 28 (25-33)
Sex, n (%)

Male 322 (57.2)

Female 241 (42.8)
Nationality, n (%)

Saudi 537 (95.4)

Non-Saudi 26 (4.6)
City of residence, n (%)

Large 459 (81.5)

Medium 78 (13.9)

Small 26 (4.6)
Participants with chronic diseases, n (%) 80 (14.2)
Living with people older than 65 years, n (%) 179 (31.8)
Diagnosed with COVID-19, n (%) 5(0.9)
|solated as a suspected case of COVID-19, n (%) 47 (8.3
Working status during curfew, n (%)

Yes, | go to work daily 329 (58.4)

Yes, | work online 142 (25.2)

No 92 (16.3)
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Table 2. Levelsof knowledge of COVID-19 among health care workersin Saudi Arabia (N=563).

Item

Agree, n (%) Neutral, n (%)  Disagree, n (%)

COVID-19 isapandemic

COVID-19 is more dangerous than seasond influenza

COVID-19 is only dangerous among the elderly and patients with chronic diseases

Hand washing is effective to prevent transmission of COVID-19

Socia distancing is effective to prevent transmission of COVID-19
Wearing face masks is effective to prevent transmission of COVID-19
Wearing hand gloves is effective to prevent transmission of COVID-19

Impending curfew is effective to prevent transmission of COVID-19

542 (96.3) 14 (2.5) 7(1.2)
401 (71.2) 105 (18.7) 57 (10.1)
142 (25.2) 102 (18.1) 319 (56.7)
544 (96.6) 17 (3) 2(0.4)
547 (97.2) 13(23) 3(05)
438 (77.8) 100 (17.8) 25 (4.4)
189 (33.6) 172 (30.6) 202 (35.9)
520 (92.4) 33(5.9) 10(1.8)

When asked about the recommended duration of hand washing
to prevent COVID-19 transmission, only 359 (63.8%) of the
health care workers selected 40-60 s, while 180 (31.9%) selected
20-30 s, and 24 (4.3%) selected 10-15 s.

Health care workerswere provided alist of symptomsand asked
to select those related to COVID-19. Asshown in Figure 1, the
top selected symptoms were cough or shortness of breath
(552/563, 98.1%) and fever (n=533, 94.7%). The lowest
percentage (n=199, 35.4%) was for arunny nose.

Figure 2 shows the responses to the question “when should a
person seek testing for COVID-197" The most frequent response
(509/563, 90.4%) was when contacting someone positive for
COVID-19, followed by when experiencing severe respiratory
symptoms (n=455, 80.8%). Few (n=62, 11%) health care
workers chose to test for COVID-19 at any time, even if
asymptomatic. Furthermore, 561 (99.6%) health care workers
answered “ Yes” when asked about the probability of COVID-19
patients being asymptomatic. Moreover, 532 (94.5%) health
careworkerswere aware of the absence of an established therapy
for COVID-19.

Figure 1. Knowledge of COVID-19 symptoms among health care workersin Saudi Arabia (N=563).

COVID-19 symptoms
100.0%
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80.0%
60.0%
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Figure 2. Responses of health care workersin Saudi Arabia regarding the timing for seeking a COVID-19 test (N=563).
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Table 3 summarizes the attitude of health care workers toward
COVID-19. Among them, 461 (81.9%) were always compliant
with curfew regulations. Most (n=409, 72.6%) headlth care
workers were aways compliant with hand washing. With

When experiencing
severe respiratory
symptoms

35.4%
24.7%
11.0%

When experiencing
flu-like symptoms

Table 3. Attitudes of health care workersin Saudi Arabiatoward COVID-19 (N=563).

When contacting
someone with flu-like
symptoms

Any time even if
asymptomatic

regards to wearing face masks in public places, 264 (46.9%)
health care workers were always compliant, and 116 (20.6%)
were not compliant. Furthermore, 290 (51.5%) hedlth care
workers frequently followed up with COVID-19—related news.

Questions

Participants, n (%)

Areyou compliant with curfew regulations?

Always
Most of thetime
Sometimes

No

Areyou compliant with hand washing?

Always

Most of thetime
Sometimes

No

Areyou compliant with wearing face masksin public places?

Always
Most of the time
Sometimes
No
Do you follow COVID-19 news?
Always
Most of thetime
Sometimes
No

461 (81.9)
94 (16.7)
5(0.9)
3(0.5)

409 (72.6)
138 (24.5)
12 (2.1)
4(0.7)

264 (46.9)
114 (20.2)
69 (12.3)

116 (20.6)

290 (51.5)
156 (27.7)
93 (16.5)
24 (4.3)
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When asking the participants what they would do if they
experience flu-like symptoms, 350 (62.2%) responded that they
would call the SMOH hoatline for advice. In comparison, 153
(27.2%) health care workers responded that they would stay at
home and take flu medication. Fifty (8.9%) participants
responded that they would go to the hospital to test for
COVID-19, and 10 (1.8%) would not take any action.

When comparing health care workers living in large, medium,
or small cities (Table 4), a significant difference was observed
in their compliance with wearing face masks in public places

Shaikhain et &l

(P=.04). Thelarger the city, the more compliant the participant.
Furthermore, health care workers in medium and small cities
followed COVID-19 news more than their peersin large cities
(P=.02).

Finally, 479 (85.1%) health care workers followed COVID-19
news from official authorities including the SMOH and the
WHO, while 61 (10.8%) followed news from social media
platforms, 19 (3.4%) followed daily news, and only 4 (0.7%)
obtained COVID-19 news from their friends.

Table 4. Comparison of the attitude toward COVID-19 among health care workers in large, medium, and small citiesin Saudi Arabia (N=563).

Questions City P value OR?(95% Cl)
Large (N=459), n (%) Medium/small (N=104), n (%)

Areyou compliant to curfew regulations? .66 0.627 (0.076-5.151)
Always/most of the time 452 (98.5) 103 (99)
Sometimes/no 7(1.5) 1(1)

Areyou compliant to hand washing? 49 1.49 (0.471-4.716)
Always/most of the time 447 (97.4) 100 (96.2)
Sometimes/no 12 (2.6) 4(3.8)

Areyou compliant to wearing face masksin public places? 04° 1.574 (1.016-2.438)
Always/most of the time 317 (69.1) 61 (58.7)
Sometimes/no 142 (30.9) 43 (41.3)

Do you follow COVID-19 news? 02° 0.488 (0.262-0.907)
Always/most of the time 355 (77.3) 91 (87.5)
Sometimes/no 104 (22.7) 13(12.5)

80R: odds ratio.

bstatistically significant (P<.05).

Discussion

Principal Findings

Thisstudy illustrates the knowledge and practices of health care
workers in Saudi Arabia at the early stages of the pandemic
during a period of significant uncertainty and rapidly changing
policies and practices. Among our study participants, marked
consensus was observed in their responses to hand hygiene,
socia distancing, and curfew regulations for effectively
preventing disease transmission. Responses to questions on
masks and gloves were widely distributed, probably owing to
unclear information during the early stages of the pandemic
from both the literature and local policies. Moreover, when
asked about the timing for COVID-19 testing, most responded
with “on experiencing severe symptoms’ or “on coming in
contact with positive cases,” reflecting the local messaging at
that time. Furthermore, their compliance with general hand
hygiene and universal masking was concerning and represents
an area of improvement.

When faced with anovel viral pandemic, particularly one with
no vaccine or effective treatment at the time of writing, other
aspects of disease control become increasingly important. The
SMOH implemented daily televised briefings with relevant

http://formative.jmir.org/2021/1/e21220/

statistics and discussions regarding the best practices for the
current time, and any inquiries usually made by the press were
addressed. Practices including hand hygiene and social
distancing had the most robust emphasis, while messages
regarding the worldwide use of masks wereinconsistent owing
to their shortage in hospitals and the need to reserve them for
frontline health care workers. While the public should be
preferentially informed of the best available practicesto reduce
disease transmission, a higher emphasis should be placed on
health care workers, since they constitute a high-risk group for
contracting COVID-19, and by the nature of their occupation,
they have direct contact with an especialy vulnerable part of
our community. Hence, it is essential to assesstheir knowledge
and practice and compare them to those of their peers el sawhere.
This study also provides an insight into the early stages of the
knowledge, attitudes, and practices for disease management
among the health care workers, which are expected to change
as the pandemic evolves or when more information becomes
available.

Multiple outbreaks were reported in health care settings,
emphasizing the need for infection control and prevention
[23,24]. Risk perception reportedly enhances compliance with
protective measures [25]. Approximately 71% of individuals
believed that COVID-19 is more dangerous than seasonal
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influenza, and dightly more than half were aware that
COVID-19 could be hazardous to individuals other than the
elderly, indicating an area of improvement. Moreover, a study
on Egyptian health care workers reported that almost 90% of
them believed that the virus is more dangerous in the elderly
[26]. Furthermore, Bhagavathula et al [27] reported that only
11.4% of health care workers agreed that COVID-19 is a fatal
disease.

In this study, approximately 8.3% (47/563) of health care
workers were isolated as suspected cases of COVID-19;
fortunately, only 0.9% (n=5) tested positive, and this number
islikely to increase as the spread of the pandemic progresses.

Most of our study participants believe in adopting nationwide
protective measures, including social distancing, maintenance
of regular hand hygiene, and universal use of face masksduring
public activities. If these beliefs trandate into practice, it could
help decrease transmission by decreasing the reproductive
number or “flattening the curve,” allowing for better utilization
of health carefacilities or buying time until vaccine or treatment
availability [28,29]. Interestingly, a study form Uganda [30]
reported that 55% of health care workers do not believe that
face masks may help prevent disease transmission, while almost
all of them agreed that avoiding crowded places decreases the
risk of acquiring COVID-19. Socia distancing proved to be
one of the most effective methods of preventing disease
transmission during the initial COVID-19 outbreak in Wuhan
[31].

Regarding hand hygiene, almost all our study participants agreed
on the importance of hand washing, which is higher than
reported in other studies[27,32], but only 63.8% (n=359) were
aware of the correct duration of washing, whichisat least 40 s
[33].

The primary source of the participants knowledge was the
SMOH daily press briefings and its updates about COVID-19,
which contained evidence-based information when availablein
different areas, including the best infection control practices,
policies, and regulations to be implemented and various
misconceptions and misinformation about COVID-19. This
reflects a drastic improvement in the spread of information
alongside practical knowledge through a simple, widely
accessible tool such asthetelevision, as opposed to that reported
by Khan et a [34] during the MERS outbreak. In their study,
the participants faced difficulty following news updates about
the disease on the internet from the SMOH website and in
looking for new emerging studies. In another study by Albarrak

Shaikhain et &

et al [35], the sources of information for the study participants
during the MERS outbreak were almost equally distributed
among seminars, pamphlets, articles, radio, and television.

We believe that the SMOH performed an admirable job in
handling the pandemic and provided transparency and
continuous information regarding changes to policies as new
data emerged or as the pandemic evolved. Of particular noteis
the high uniformity in the responsesto the messaging, and areas
of uncertainty included low levels of knowledge and practices
in our study population. We believe that compl ete transparency
and clear messaging are needed for maximum benefits during
such events. This study provides a cross-sectional insight into
arelatively early stage of the pandemic, and comparisons can
potentially be made with the emergence of more datafrom other
countries.

Limitations

Our study did not define the specialty of the health care workers
(eg, nurse, physician, or pharmacist). We also believe that the
categorization of health care settings by type (eg, outpatient
department, rural hospital, or polyclinic) would have provided
more context to the participants' responses.

Furthermore, our study islimited by its convenience sampling
method, which might have introduced apotential selection bias.
Furthermore, the self-reporting nature of the study questionnaire
might have introduced its own set of biases, such as social
desirability.

Conclusion

In conclusion, the majority of our questionnaire respondents
had acceptable general knowledge of COVID-19, based on their
responses to our questions. Knowledge of decreased disease
transmission with the use of face masks was not as uniform as
we expected, perhaps reflecting the unclear messaging at that
time. Furthermore, approximately half of the study participants
disagreed with the statement that COVI1D-19 is only dangerous
in the elderly. Other areas of improvement include the
knowledge of the recommended duration of hand washing.
Compliance with precautionsfor infection prevention still need
to be emphasized; this can be achieved through intense
educational programs and competency assessments to promote
positive preventive practices. This study provides a
cross-sectiona insight into the relatively early stages of the
COVID-19 pandemicin Saudi Arabia, and if additional similar
studies from other countries become available, comparisons
can be made between different populations.
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Abstract

Background: Emotional intelligence (El) and mindfulness can impact the level of anxiety and depression that an individual
experiences. These symptoms have been exacerbated among college students during the COVID-19 pandemic. Ajivar is an app
that utilizes artificial intelligence (Al) and machine learning to deliver personalized mindfulness and El training.

Objective: The main objective of this research study was to determine the effectiveness of delivering an El curriculum and
mindful ness techniques using an Al conversation platform, Ajivar, to improve symptoms of anxiety and depression during this
pandemic.

Methods: A total of 99 subjects, aged 18 to 29 years, were recruited from a second-semester group of freshmen students. Al
participants completed the online TestWell Wellness Inventory at the start and end of the 14-week semester. The comparison
group members (49/99, 49%) were given routine mental wellness instruction. The intervention group members (50/99, 51%)
wererequired to complete Ajivar activitiesin addition to routine mental wellnessinstruction during the semester, which coincided
with the onset of the COVID-19 pandemic. This group also completed assessments to evaluate for anxiety, using the 7-item
Generalized Anxiety Disorder (GAD-7) scale, and depression, using the 9-item Patient Health Questionnaire (PHQ-9).

Results: Study participants reported a mean age of 19.9 (SD 1.94) years; 27% (27/99) of the group were male and 60% (59/99)
identified as Caucasian. No significant demographic differences existed between the comparison and intervention groups. Subjects
in the intervention group interacted with Ajivar for amean time of 1424 (SD 1168) minutes. There was a significant decreasein
anxiety, as measured by the GAD-7: the mean score was 11.47 (SD 1.85) at the start of the study compared to 6.27 (SD 1.44) at
the end (P<.001). There was a significant reduction in the symptoms of depression measured by the PHQ-9: the mean score was
10.69 (SD 2.04) at the start of the study compared to 6.69 (SD 2.41) at the end (P=.001). Both the intervention and comparison
groups independently had significant improvements in the TestWell Wellness Inventory from pretest to posttest. The subgroups
in the social awareness and spirituality inventories showed significant improvement in the intervention group. In a subgroup of
participants (11/49, 22%) where the GAD-7 was available during the onset of the COVID-19 pandemic, there was an increase
in anxiety from the start of the study (mean score 11.63, SD 2.16) to mid-March (ie, onset of the pandemic) (mean score 13.03,
SD 1.48; P=.23), followed by a significant decrease at the end of the study period (mean score 5.9, SD 1.44; P=.001).

Conclusions: Itispossibleto deliver El and mindfulness training in a scalable way using the Ajivar app during the COVID-19
pandemic, resulting in improvements in anxiety, depression, and El in the college student population.

(IMIR Form Res 2021;5(1):€25372) doi:10.2196/25372
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Introduction

Background

Students who do not perform well at college often have low
emotional intelligence (El), even students with a high 1Q. El
involves a set of learned noncognitive skills, which helps
individuals foster better relationships, improve time and stress
management, maintain better impulse control, and improve
problem-solving abilities [1-3]. Mindfulness has been defined
as the awareness that arises by “paying attention to the present
moment on purpose and non-judgmentally” [4]. ElI and
mindfulness can impact the level of anxiety and depression an
individual experiences. This is particularly important during
stressful times, such asduring the COVID-19 pandemic. Ajivar
is an app that utilizes artificial intelligence (Al) and machine
learning (ML) to deliver personalized mindfulness and El
training to college students. Through ongoing engagement of
the user, the app can decrease stress and anxiety whileimproving
performance and emotional well-being.

Anxiety and depression are ever prominent among college
students. More than 50% of the 20 million college studentsin
the United States reported symptoms of anxiety and depression
that prevented them from performing well at college [5]. The
symptoms associated with anxiety and depression often persist
over time. More than 75% to 85% of college students have
reported feeling stressed and overwhelmed [6-8]. There are
several reasons college students experience disproportionately
higher levels of stress than the general population, including
first-time independence leading to having to manage their
academic responsibilities, financial responsibility, and planning
for their future [9,10]. Despite the prevalence and persistence
of anxiety and depression, up to 75% of college students do not
access the needed resources and needed assistance, primarily
because of the underlying stigma associated with a diagnosis
and mental health services [11]. Additionally, colleges and
universities have limited resources to aid the large number of
students who suffer from mental health conditions. These
conditions arefurther exacerbated by extenuating circumstances,
such as the COVID-19 pandemic.

COVID-19

On March 11, 2020, the World Health Organization declared
COVID-19, an acute respiratory syndrome caused by
SARS-CoV-2, agloba pandemic [12]. Not only has this novel
pandemic resulted in severe health consequences, but it hasalso
impacted the mental well-being of college students who have
struggled with immediate displacement from college, learning
online models of course delivery, and having to socially distance
from their friends and social support. In a self-reported survey
by the Healthy Minds Network during the COVID-19 crisis,
college students reported increased mental health concerns (ie,
anxiety, depression, suicidal ideation, etc), which resulted in
poor academic performance [13]. Increased frequency of anxiety
and depression have been reported among undergraduate
students during the pandemic [14,15].

http://formative.,jmir.org/2021/1/e25372/

Initial findingsfrom the pandemic suggest that the mental health
consequenceswill befar reaching. Timewill tell the trueimpact
of the social and behavioral changes experienced by college
students. Providing novel, scalable, and disruptive toolsto help
thisvulnerable section of the population isgoing to beimportant
if we areto prevent long-term mental health sequelae from the
pandemic.

Emoational I ntelligence and Mindfulness

El is“aset of skills hypothesized to contribute to the accurate
appraisal and expression of emation in oneself and in others,
the effective regulation of emotion in self and others, and the
use of fedingsto motivate, plan, and achieveinone'slife’ [16].
Theability to accurately identify, manage, and express emations
isthefoundation of good self-esteem, healthy relationships, and
good work and academic performance[17]. El isnot commonly
taught in colleges and universities, which can inhibit students’
full potential of learning dueto lack of coping skillsin managing
stress, anxiety, and interpersonal relationships. The inability to
emotionally self-regulate often leads to psychopathology due
to the avoidance of, or preoccupation with, negative emotion
[18] and, as aresult, may have negative consequences on the
individual's health, relationships, and work and school
performance[19]. El actsasaprotective factor for mental health
and is positively associated with adaptive coping styles, peer
relationships, and socioemotional competence [20]. El aso
mediates the relationship between mindfulness and depression
and anxiety in adolescents [21].

Mindfulnessisastate of mind, amoment-to-moment awareness
of one's experience without judgment [22]. Being fully focused
on the present moment allows for the absence of rumination
and negative thoughts that lead to stress and anxiety.
Mindfulness positively correlates with the capacity to be more
emotionally aware, including the ability to identify and change
emotional states[23]. Several mindfulness techniques, such as
meditation, have proven efficacy and have shown a reduction
in depression, anxiety, and rumination [24]. Mindfulness has
also been linked to emotional stability, such as calmness, clarity,
and concentration, as well as to emotion regulation [25].
Bridging mindfulnessand El is positive psychology, the science
of happiness and flourishing [26]. It is a strength-based
therapeutic approach to mental health that highlightswell-being,
resiliency, and compassion, which are also key factorsin Ajivar.

Previous studies utilizing different mobile apps to deliver
mindfulness and El have proven effective in a myriad of
populations. Improvements in psychosocial outcomes, an
increase in the effectiveness of mindfulness treatment, and an
increase in positive psychological interventions were all found
in adult populations following the use of mindfulness apps
[27-29].

Study Objectives
The main objective of this research study was to determine the

effectiveness of delivering an El curriculum and mindfulness
techniques using an Al conversation platform, Ajivar. Several
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validated and self-reported measurements of mental wellness
and El weretracked, including the TestWell Wellness Inventory,
the 7-item Generalized Anxiety Disorder (GAD-7) scale, the
9-item Patient Health Questionnaire (PHQ-9), and the emotional
quotient (EQ).

The study was launched at the end of January 2020; then in
March, the COV1D-19 pandemic began to impact students, staff,
and faculty. Another objective that presented itself because of
the pandemic was to evaluate how ElI and mindfulness
techniques taught during Ajivar interactions impacted student
mental wellnessand El. Thetiming of the research study offered
us an opportunity to evaluate the app during apandemic in this
popul ation.

Methods

Study Design

Subjects included students attending a midsized liberal arts
institution in Florida, United States. The studentsin the sample
were attending the university as second-semester freshmen.
This study consisted of comparison (49/99, 49%) and
intervention (50/99, 51%) groups. All participants were
college-age freshmen, who were 1810 29 years of age, and were
given routine mental wellnessinstructions as part of the classes.

Students in the intervention group were required to complete
Ajivar activities as part of the course requirement. The
reguirement included aminimum of two Ajivar interactions per
week. The comparison group members did not utilize Ajivar
during the semester. All subjects completed the TestWell
Wellness Inventory at the beginning and end of the 14-week
semester. Completion of theinventory was acourse requirement
in the intervention and comparison groups. During interactions
with Ajivar, the students completed assessment questionnaires
as outlined below.

Assessment Questionnaires

The TestWell Wellness I nventory

The TestWell Wellness Inventory [30,31] for college students
consists of 100 questions on a 5-point scale. The questions
included assessment of physical fitness, self-care and safety,
socia awareness, emotional management, occupational wellness,
nutrition, environmental wellness, emotiona wellness, emotional
awareness, intellectual wellness, spirituality, and values.

The 9-1tem Patient Health Questionnaire

The PHQ-9 is a vaid, reliable, 9-item self-administered
guestionnaire that evaluates the past 2 weeks depressive
symptoms using a scale from O to 3 per item [32]. The total
scoreisdivided into four outcome ranges of depression severity:
0-4 (no symptoms), 5-9 (mild depression), 10-14 (moderate
depression), 15-20 (moderate-severe depression), and 21-27
(severe depression) [32].

The 7-1tem Generalized Anxiety Disorder Scale

The GAD-7 scaleisavalid, reliable, 7-item self-administered
guestionnaire that is used as a screening tool and severity
measure for generalized anxiety disorder [33]. The scoresrange
from 0 to 21 and are categorized according to symptom severity:

http://formative.,jmir.org/2021/1/e25372/
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0-4 (minimal anxiety), 5-9 (mild anxiety), 10-14 (moderate
anxiety), and 15-21 (severe anxiety) [33].

Emotional Quotient

There are several measures of El [17]. As part of the Ajivar El
curriculum that is delivered via the app, there is a proprietary
self-reported EQ assessment. This EQ assessment evaluatesthe
user across several categories, which include self-awareness,
self-regulation, self-efficacy, empathy, and socia skills. The
score is normalized to 100, and scores are characterized as
follows: <39 (low EI), 40-49 (low-average El), 50-69 (average
El), and =70 (high ElI).

Ajivar: An El- and Al-Powered Life Coach

Using Al and ML, Ajivar delivers personalized El training and
mindfulness techniques through brief conversations, videos,
and activities founded in self-help practices from positive
psychology and mindfulness. The Ajivar platform interactswith
the user in a text-based conversational format, similar to
interactions users can have with Alexa, Google Assistant,
Cortana, etc. During theseinteractions, the information gathered
by Ajivar helpsit learn about the individual and the community
the individual belongs to. The Ajivar app provides fun and
uplifting ways to engage the user, such as positive affirmations
(ie, “Posimations’), journaling, and out-of-zone (ie, “0O0z")
challengesthat help people get outside of their comfort zoneto
increase self-esteem and acceptance.

Ajivar delivers a personalized El curriculum and mindfulness
techniques to students that are approved by the Ajivar clinical
consultation team. The app acts as a life coach that helps the
user improve self-esteem and social and emotional awareness.
Ajivar responds in a text-based conversation to emotions and
underlying beliefsthat the user expresses during theinteractions
with the app. Using emotionally intelligent conversations, the
app supports and guides the user with empathetic responses,
individualized content, and feedback and encourages the
individual to apply their knowledge outside of the app. Apart
from the psychoeducational content of positive psychology and
mindful ness, the app also utilizes the following components to
improve El and resiliency:

1. Personalization (ie, automated tailoring). Ajivar utilizes
ML that is based on al users' interactions, in addition to
the specific user’sinteractions, to deliver personally relevant
information and techniques based on what would benefit
the user in the specific moment.

2. Resiliency and El training. The app evaluates the user’'s
current level of El (ie, EQ score) based on built-in
assessment tools and the user's responses during
interactions. Ajivar utilizes an El curriculum devel oped by
cliniciansto build coping skillsand resiliency that are used
to form healthy habitsin the real world.

3. Reflection. The journaling component of the app is used
for gratitude practice and reflecting on insights and feelings.
The sentiment analysis function provides the user with
feedback on their past and current emotional state. This
insight is imperative to reinforce learning and growth.
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4. Poditive affirmations. These are personalized through the
app interactionsand are stored in alist for the user to review
on aregular basis to combat negative self-talk.

5. Engagement. Ajivar uses real-time engagement, such as
notifications, challenges, app mentors (ie, avatars that are
collected), access to videos, and other gamification tools
to keep the user engaged. The Al aso gives feedback on
mood and emotions, which providesthe userswith real-time
feedback on the dashboard.

The app can be downloaded from the Apple App Store and
Google Play. All interaction data are encrypted and stored on
a separate server from any identifiable personal information.
Only anonymized data were used for research analysis. Ajivar
isnot amedical deviceand isdesigned to be asupport tool used
for mental well-being. Anonymized data regarding the user
interactionswere provided to theresearchers. Thisincluded the
duration of user interactions with the different components of
the Ajivar app and the number of interactions that took place
during the study time interval.

Quantitative M easurements

The data were analyzed using the statistical software SPSS,
version 26 (IBM Corp) [34].

User Engagement and Attrition

There were atotal of 93 students who completed the Test\Well
pretest and posttest: 49 participants in the comparison group
(53%) and 44 participants in the intervention group (47%).

In the intervention group, 49 out of 50 participants (98%)
downloaded and interacted with the Ajivar app. If a participant
carried out a greater level of activity than the course
requirements, they were categorized as high engagers (30/49,
61%). Participantsthat carried out the required level of activity
or less than what was required by the course were identified as
low engagers (19/49, 39%). The mean total time on the app for
the high engagerswas 2069 (SD 1076) minutes versus 480 (SD
321) minutes among the low engagers. Mean total engagement
for the group was 1424 (SD 1168) minutes.

Analysis of Assessment Questionnaires

An analysis of covariance (ANCOVA) was used to evaluate the
TestWell pre- and posttest scores for the intervention group,
the comparison group, and the individual subgroups. Pre- and
posttest scores for the GAD-7, the PHQ-9, and the EQ were
evaluated for differences over time for the high engagers. A

Sturgill et a

GAD-7 time series of pretest, midpoint (ie, March 2020), and
posttest scores was al so evaluated.

Informed Consent and | nstitutional Review Board
Approval

The study was reviewed and approved by the Institutional
Review Board at the University of Tampa. Participation was
voluntary, and the participants indicated their consent to the
study protocol via the informed consent form. All study data
were collected by the academic institution with the exception
of the Ajivar app usage data. All usage data were anonymized
before being given to the research team. Usage data were not
linked to specific research participants.

Results

Demographic Data

This study consisted of comparison (49/99, 49%) and
intervention (50/99, 51%) groups. The mean age of the study
participantswho reported was 19.9 (SD 1.94) years; 27% (27/99)
were maleand 69% (68/99) werefemale. Over half the students
reported their ethnicity as Caucasian (59/99, 60%) and the rest
reported their ethnicity as Hispanic (13/99, 13%), African
American (7/99, 7%), Asian Pacific Islander (7/99, 7%), and
Other (13/99, 13%). No significant demographic differences
existed between the comparison and intervention groups.

Quantitative Analysis

Analysis of Assessment Questionnaires

To answer thefirst research question regarding the effectiveness
of the TestWell Wellness Inventory, ANCOVA was performed
to assess whether statistically significant differences occurred
between theintervention and comparison groups based on their
pre- and posttest scores on the Wellness Inventory. The results
were not dtatistically significant (P=.41). However, both the
intervention group (P=.04) and the comparison group (P=.002)
independently showed statistically significant improvements
from pretest to posttest on the Wellness Inventory.

The Wellness Inventory was assessed further using ANCOVA
for statistically significant differences between theintervention
group and the comparison group pretest and posttest on
subgroups. In the intervention group, the inventory values for
the social awareness subgroup significantly improved from
pretest to posttest, asdid the valuesfor the spirituality subgroup.
Theresults are shown in Table 1.

Table 1. Analysisof covariance of TestWell Wellness Inventory scores for each subgroup.

Subgroup TestWell Wellness Inventory scores, mean (SD) P value
Pretest Posttest

Socia awareness 82.32 (12.56) 88.91 (10.89) .04

Spirituality 83.32 (13.86) 88.23 (12.74) 04

Mental Wellness | ndicators

In the intervention group’s high-engagers subset (30/49, 61%),
we assessed mean differences between the pre- and posttest
scores for GAD-7, PHQ-9, and EQ. The results were found to

http://formative.,jmir.org/2021/1/e25372/

be statistically significant as noted in Table 2. In particular,
mean GAD-7 scores decreased from 11.47 (SD 1.85) to 6.27
(SD 1.44) (P<.001), indicating a statistically significant decline
in anxiety from the beginning to the end of the study. Mean
PHQ-9 scores decreased significantly from 10.69 (SD 2.04) to
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6.69 (SD 2.41) (P<.001), indicating improved mental healthin
thisaggregate data. EQ scoresincreased from pre- to poststudy,
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with initial mean aggregate scores of 62.87 (SD 10.12) that
increased to 71.17 (SD 8.46) (P<.001).

Table 2. Mean differences between the 7-item Generalized Anxiety Disorder (GAD-7) scale, the 9-item Patient Health Questionnaire (PHQ-9), and

the emotional quotient (EQ).

Measure Mean (SD) Mean difference P value
GAD-7 pretest 11.47 (1.85) 52 <.001
GAD-7 posttest 6.27 (1.44) N/AZ N/A
PHQ-9 pretest 10.69 (2.04) 40 <.001
PHQ-9 posttest 6.69 (2.41) N/A N/A
EQ pretest 62.87 (10.12) -83 <.001
EQ posttest 71.17 (8.46) N/A N/A

3N/A: not applicable.

COVID-19 Impact

We collected midpoint data in the spring semester on GAD-7
scores. We conducted repeated-measures analyses of variance
to assess within-subjects differences in this intervention
subgroup (11/49, 22%). The GAD-7 results indicated a mean
pretest (time 1) score of 11.64 (SD 2.16), a mid-March (time
2) mean score of 13.03 (SD 1.48), and an end-of-spring (time

3) mean score of 59 (SD 1.44) (see Figure 1). The
Greenhouse-Geisser correction indicated statistically significant
(P=.001) within-subjects differences on the continuous variabl e.
Bonferroni pairwise comparison corrects for multiple
comparisons, the results indicated statistical significance
between times 1 and 3 and times 2 and 3, but not between times
land2.

Figure 1. Repeated-measures analysis of variance for within-subjects differencesin 7-item Generalized Anxiety Disorder (GAD-7) scale scores.
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Discussion

Principal Findings

The findings from our study suggest that the use of Ajivar had
many positive benefitsfor the college student participants. These
results were especially impactful given that the students
experienced the pandemic during the course of the study. We
found that studentsin the intervention group had less depression
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over time as measured by the PHQ-9, less anxiety as measured
by the GAD-7, and improvement in El as measured by the EQ.
Student anxiety increased around mid-March and then decreased
significantly by the end of the semester, despite the upheaval
caused by the pandemic. Mid-March was the time during the
semester when learning was shifted for all students at the
university to aremote format. Thistransition occurred over the
course of a few days. Further testing is suggested as the
pandemic continues. The subgroups of socia awareness and
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spirituality were significantly improved with the use of the app.
There were also areas of no significance, including the pretest
and posttest scores of the TestWell Wellness Inventory. We
also noted a high engagement rate, with over 60% of users
interacting with the Ajivar app for agreater amount of timethan
was required.

Comparison With Prior Work

Previous studies utilizing different mobile apps to deliver
mindfulness and El techniques have proven effectiveinamyriad
of populations. Improvements in psychosocial outcomes were
noted with mindfulness training and positive psychological
interventions in adult populations following the use of
mindfulness apps [27-29]. Champion et al showed asignificant
improvement of self-reported stress, resilience, and satisfaction
with life among adults after 10 days of using a
mindfulness-based smartphone app [27]. The magnitude of
benefitswas found to increase further following 30 days of use,
with the rate of benefit greatest between baseline and day 10.
The study did include a small sample size, an inactive control
group, and inclusion of self-selected participants. A study by
Ly et a showed that behaviora activation and mindfulness
treatment helped adult participants who suffered from major
depression [28]. Behavioral activation was found to be more
effective for participants with a higher severity of depression,
and treatment with mindfulness was more effective for patients
who initially had a lower severity of depression. The study
concluded that effective treatment of mild to moderate major
depression through the use of smartphone app was feasible.

A study of college students with elevated stress levels used a
mobile app daily; the majority of the intervention subjects
indicated that the app helped with their stress and that they
would use the app in the future [35]. The study concluded that
delivering mindful ness meditation viaan app isamore practical
approach to reduce stress. This approach requires fewer
resources, involves fewer time constraints, and allows students
to participate remotely. A study by Bostock et al on healthy
adult employees found long-term improvement in well-being,
distress, job strain, and perceptions of workplace social support
using mindfulness meditation delivered by a phone app [36].

Studies have shown the impact of El and emotional regulation
on individuals experiences of life and how changing the way
asituation is perceived decreasesits emotional impact [18]. The
decreases in emotional experience and behavioral expression,
which have no impact on memory, lower stress and improve
relationships.

Thisstudy confirmsthe findings of previous studiesthat showed
that mindfulness and El training can be delivered via an app
rather than requiring in-person instruction. To our knowledge,
this is the first study to demonstrate that a text-based
conversational app, Ajivar, can deliver personalized mindfulness
and El training with resulting improvements in anxiety,
depression, and El. In contrast to the previous work, El and
mindfulnesstraining wasdelivered using Al and ML agorithms
to personalize the user journey and experience. This study also

Sturgill et a

demonstrated high user engagement with an app when learning
techniques for mental wellness.

COVID-19 Effect

Previous studies showed that college students experienced an
uptick of anxiety and depression related to COVID-19, which
were greater than the levels experienced previously during
college [15,37,38]. In the Huckins [15] study, participants had
almost a 50% increase in anxiety, as measured by the 2-item
Generalized Anxiety Disorder (GAD-2) scale. The GAD-2isa
brief version of the GAD-7 questionnaire used in this study.
When comparing GAD-7 scoresin March with those at the start
of the study, we showed an 11% increase in anxiety levels,
though they did not reach statistical significance. With the use
of Ajivar, these levels decreased to 55% (P=.001) below the
GAD-7 scores at the start of the study among theseindividuals.

Strengthsand Limitations

Strengths of this study were the ability to use validated
instruments to measure anxiety, depression, and El in this
sample. The study found positive results in a very limited
amount of time. Limitations are evident in the study, including
a small sample size. Some measurements were not available,
as they were based on the usage of the app. For instance,
students had to reach a certain level of usage to advance to the
next area that may have provided additional data. There were
no data available to control for influential variables external to
Ajivar use. Lastly, the data are not generalizable.

Future Studies

Thiswasasmall initial study, and increased participant numbers
for future studies are anticipated. Future plans include a
year-long study during the next academic year. The target
population will be broader in scope and include students across
the university, not restricted to specific classes.

Conclusions

El has proven key to long-term success. There is unlimited
potential for using apps for mental health, including for issues
related to the current pandemic. Also, similar studies should be
replicated and completed to determine additional resultsof using
mindfulness technology for mental health in a variety of
populations, including college-age students. Technology apps
can be used for mental health conditions along with other
behavioral issues. Bakker et al found specific recommendations
for mental health apps [39], including the am to prevent
emotional mental health problems. Also, to maximize
engagement, it is recommended to use gamification, as was
carried out in Ajivar, so that habit formation of self-care
practices can take place [39]. Mental health apps have proven
to provide positive results and success in a variety of
populations. Additional testing isrecommended asthe pandemic
continues. However, the results of this study demonstrate
positive outcomes for mental and emotional health, along with
a decrease in anxiety and depression levels. We are going to
need scalable resources like Ajivar if we are going to meet the
demands that we are likely to experience in the near future.
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Abstract

Background: HeartBot isan app designed to enable people 14 years and older to use relaxation tools offered by Heartfulness
Ingtitute to deal with daily stress and anxiety in a healthy, productive manner. These tools have proven effective in stress
management and mental wellness when administered in a controlled environment by a certified proctor.

Objective: This study aimed to explore the app’s effectiveness and eval uate the implementation of the tools.

Methods: In this study, 88 participants were recruited and randomly sorted into 2 groups, the HeartBot intervention group
(n=46) and the waitlist control group (n=42). Pre- and postsurveys measured participants’ stresslevels using the Perceived Stress
Scale (PSS) and their social-emational well-being using the EPOCH (Engagement, Perseverance, Optimism, Connectedness, and
Happiness) Measure of Adolescent Well-Being before and after they used the app for 21 days for 30 minutes every day.

Results: The study received ingtitutional review board approval on August 18, 2019. Participant recruitment lasted from the
approval date until September 30, 2019. The 21-day challenge started on October 1, 2019. Of the 135 people who signed up, 88
completed the study. There was a statistically significant difference in the mean PSS scores before and after the intervention
(from 18.3 to 7.89; P<.001). The paired Wilcoxon rank sum test on the EPOCH scores indicated a significant difference in the
medians of the total scores (W=411.5, P<.001).

Conclusions: Evidence from this study shows that HeartBot is an effective app that can be used to manage stress and improve
positive characteristics of emotional wellness. Future research and widespread usage of the app under this study are encouraged
based on this preliminary evidence of its effectiveness.

Trial Registration: Clinical Trials.gov NCT04589520; https://clinicaltrials.gov/ct2/show/NCT04589520

(IMIR Form Res 2021;5(1):€22041) doi:10.2196/22041
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Stress is amajor health problem around the world and is one  &XPerience psychological symptoms caused by stress, and 33%
of the main causes of early death and diseasein the United States  "€POTt living with extreme siress. Research shows that nearly
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[2], adults experience stress that is mainly caused by job ©N adaily basis, and 31% report feeling somewhat stressed [3].
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stages that lay the groundwork for an individual’s capacity to
maintain their emotional well-being and mental health in
adulthood [4,5]. These statistics show the urgent need for
accessible stress management techniques that are effective for
individuals of all ages.

Technology, especially in a portable form such as an app, is
uniqueinintroducing practical, accessible mental wellnesstools
to members of the general population. A previous study
examining the effectiveness of mindfulness apps in improving
users well-being found that mindfulness-based positive
intervention can be delivered viaasmartphone app successfully
[6]. Additionally, a study examining the effect of mindfulness
apps versustraditional intervention stress techniques found that
participants that used the app showed marginally more
compassion satisfaction and marginally less burnout [7].
Relative to in-person interventions, digital technologies can
reach a broader audience in less time, are cost-effective, and
are more personalized to the individual [8].

Thereisawide variety of appsthat provide userswith thetools
to manage their stress, including apps such as Headspace and
Calm. Such apps represent a convenient and cost-effective
technology that can easily be scaled up to address barriers to
implementing traditional mindfulness-based stress reduction
programs but may require supplemental support to promote
their use[9].

Figure 1. HeartBot app.
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Digital mediums, therefore, have incredible potential for
improving public health [10]. In addition, those using the app
Calm for 8 weeks reported significant differences in outcomes
of stress, mindfulness, and self-compassion [11]. This study
aimsto explore a stress management app to mitigate stress and
promote overall well-being.

Heartfulnessisaheart-based practice of meditation that focuses
on the relationship between the heart and mind. It promotes
further discovery in the science of yoga, as it relates to the
body-mind complex and plays a vital role in expanding upon
mindfulness practice. It is ajourney to the center of the heart,
aplace of inner silence. Tuning into the heart devel ops calmness
from within and uncovers every individua's brilliant self.

HeartBot, an iOS app, aims to provide its users with a
convenient means of managing stress by providing personalized
audios and guided experience of Heartfulness relaxation tools.
Figure 1 presents the user interface of HeartBot, and the app
features 6 guided tools. Previous studies concerning Heartfulness
programs have established Heartfulness tools' effectivenessin
astructured environment [12]. This study expands upon previous
research and investigates whether the HeartBot app is associated
with a decrease in stress levels and an increase in emotional
well-being in a 21-day challenge.
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Methods

Study Design and Setting

This study used a pre- and postsurvey completed online. The
intervention was completed remotely in avirtual setting.

Ethics Approval

The study was approved by Solutions IRB (registration No.
IORG0007116) in August 2019. All participants provided
electronically signed consent and assent prior to participation
in the study.

Figure 2. Study flowchart.

Consented to and
submitted presurvey

(n=88)
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Recruitment

The participants’ recruitment was through convenience and
snowball sampling because of their convenient accessibility
and proximity to the researchers [13]. Posters were placed in
schools and venues such as libraries to raise awareness about
the study. Inclusion criteriato participate in the study were (1)
being 14 years or older and (2) having an iOS device that
allowed the user to download and use the app. Recruitment
occurred from August 2019 through September 2019. We
anticipated about 100 participants and expected a dropout rate
of about 50%. We got responses from 135 interested
participants, 88 of whom continued with the study and 47 of
whom did not submit their consent. Figure 2 shows the study
flowchart.

Participants with valid

email address
(n=135)

Did not submit consent
(n=47)

I

Baseline randomization
HeartBot group
(n=46)

Baseline randomization
control (waitlisted HeartBot) group
(n=42)

Completed HeartBot intervention

for 21 days for 30 minutes every day

(n=46)

HeartBot App and Intervention

HeartBot is an iOS app developed by high school students for
users 14 years and older to learn and practice the 5 practical
Heartfulness tools. relaxation, meditation, rejuvenation,
affirmations, and breathing [14]. This app expands upon
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Did not complete HeartBot intervention

(n=42)

| Completed postsurvey
(n=88)

previous socia-emotional wellness apps by implementing these
tools and journal writing to promote the devel opment of the 5
core competencies of social and emotional learning, as charted
by the Collaborative for Academic, Social, and Emotional
Learning [15] (Figure 3).
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Figure 3. Heartfulness approach to socia-emotional learning [15]. SEL : social-emotional learning.

Heartfulness: core techniques and approach to SEL

Breathing
With
Awareness
and Purpose

Relax &

Meditate

Procedures

A total of 88 participants of mixed ageswho were 14 yearsand
older took part in the study. Participants, who were screened to
fit theinclusion criteria, were asked to provide awritten consent
(18 yearsor older) or assent form (younger than 18 years). They
wererandomly divided into the HeartBot and the waitlist control
groups using an online random name generator to balance the
two groups by age. There was no significant difference in the
number of people in the two groups. Participants randomized
to the waitlist group received the HeartBot intervention after
the waitlist period.

The HeartBot group downloaded the app and used it daily for
21 days based on a calendar that provided them with
step-by-step outlines of the tools for each day (Multimedia
Appendix 1). The control group did not download the app and
experienced no change to their daily routines. Presurveys were
sent to all participants via email before and after their 21-day
challenge. Data collected gave abaseline and final quantitative
measure of participants stress and emotional wellness.
Participants were not individually monitored or targeted during
their participation. Those who completed the challenge were
entered in araffle and had a chance to win one of 10 US $50
gift cards.

Sample Size

A sample size larger than 30 and less than 500 is appropriate
for most research. With a 95% confidence level and a 9.5%
margin of error, the sample size came to 100. We also noted
that estimating amargin of error for sample sizesranging from
10 to 10,000 reduces to 10% [16].

M easures

Participant stress levels were measured using the Perceived
Stress Scale (PSS). This 10-item scale measures the degree to
which asituation in someone'slifeis considered stressful [17].
The survey consists of a5-point scale for each question, where
O=never and 4=very often, to indicate how often respondents
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Self-awareness: Journal writing and Heartfulness practice of
breathing deepens the self-awareness in adolescents and
adults.

*  Self-management: Heartfulness program encourages the
participants in becoming aware of and managing their
emotions. Guided relaxation and meditation techniques help
improve focus and concentration.

Social awareness: Heartful affirmations promote a sense of
belonging and connectedness to everything and everyone
around us.

Relationship skills: Heart-based nurturing environment
enhances users’ ability to feel empathetic and
compassionate and coexist.

*  Decision making: The Heartfulness technique of
rejuvenation helps in managing the clutter of thoughts in the
mind and develops clarity in thoughts and in action.

felt a certain way about a certain stimulus or event. The
minimum score is 0 and the maximum score is 40, with higher
scores suggesting higher stress levels. This scale has been
proven valid through its use in other studies, which found that
higher PSS scores are associated with agreater vulnerability to
stressful life event—€elicited depressive symptoms[17]. Similarly,
reliability between the collected PSS scores and PSS datanorms
was about 0.78, indicating a very reliable measure.

The emotional wellness of the parti cipants was measured using
the EPOCH (Engagement, Perseverance, Optimism,
Connectedness, and Happiness) Measure of Adolescent
WEell-Being. Thisis a 20-item scale used to measure 5 different
positive characteristics: engagement, perseverance, optimism,
connectedness, and happiness[18]. Each question on thissurvey
consists of a 5-point scale, where “almost never” or “not at all
likeme’ isaland “amost always’ or “very much like me” is
a 5. On this scale, the minimum score is 20 and the maximum
score is 100, and higher scores correlate with a higher level of
emotiona wellness. Thetest hasdemonstrated very high validity
and reliability, with a Cronbach a of .90, Guttman A6 of 0.91,
minimum split-half reliability of 0.75, and maximum split-half
reliability of 0.93[18].

Data Analysis

The data collected online from the pre- and postsurveys were
cleaned and adjusted to eliminate data errors or corruption.
Then, the dependent variableswere examined for normality and
missing values. In examining the rel ationship between variables,
researchers can use at test or analysis of variance (ANOVA)
to compare the means of two groups on the dependent variable
[19]. Basdline differences from the presurvey scores between
the HeartBot and the control groups on the PSS and EPOCH
were measured. Descriptive statistics and the difference between
the pre- and postsurvey scores from each of the outcome
measures (PSS, EPOCH) were analyzed. Statistical significance
was determined by P<.05.

JMIR Form Res 2021 | vol. 5 | iss. 1 [€22041 | p.232
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Results

Overview

A total of 135 participantswererecruited for the study. Of these,
88 participants (65.2%) completed the full 21-day chalenge,
and the data were analyzed. A total of 46 participants in the
HeartBot group and 42 participants in the control waitlisted
group completed the pre- and postsurveys. Out of the 46
participants in the intervention group, 20 (43%) were aged
between 14 and 17 years and 26 (57%) were older than 18 years.

Baseline Equivalences

Baseline level as prescores and postscores after the 21-day
challenge reflected the outcome measures for changes in the
mean scores in the perceived stress levels and the 5
characteristics for well-being in the EPOCH scores. Theinitial
analysis examined the differences in the PSS and EPOCH
baseline scoresin the HeartBot and control group. The baseline

lyer et a

equivalence compared the average baseline characteristics for
the HeartBot and control groups.

There was no significant difference between the baseline mean
PSS scores in the HeartBot group and the control group at the
beginning of the study, as shown by 2-tailed paired t tests.
Although the participants selection in the two groups was
randomized, there were significant differences at baseline in
the EPOCH scores between the HeartBot and the control groups
(Multimedia Appendix 2).

Descriptive Analysis

The mean PSS pre- and postscores in the HeartBot group
showed a significant decrease from 18.3 to 7.89 (P<.001). In
contrast, the mean scoresincreased from 19.2 to 24.7 (P<.001)
in the control group (Figure 4). This finding suggests a
significant decreasein the perceived stressin the HeartBot group
compared with the participantsin the control group (Multimedia
Appendix 3).

Figure 4. Change in Perceived Stress Scale mean scores on pre- and postsurveys for the HeartBot and control groups.

30

25

Prescore

20

18.3

15

Postscore

10

HeartBot

One-way ANOVA examined the difference between the mean
PSS score in the HeartBot and control groups. The ANOVA
wassignificant (F, g,=125.76, P<.001). Thisresult supportsthe
conclusion that there is a statisticaly significant and robust
relationship between the two groups and the perceived stress
scales (Multimedia Appendix 3).

The questions (items 1-10) on the PSS, which ask participants
if they were feeling nervous and stressed (question 3), could
not cope (question 6), and have been angered (question 9),
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Control

showed a decreased score in HeartBot participants, indicating
that the app helped in reducing stress. Figure 5 shows the
responses to the questions on participants ability to handle
problems (question 4) and things going their way (question 5),
indicating an improvement in coping skills in the HeartBot
group. As noted, for the HeartBot group, PSS scores increased
for items that showed stress management and coping, showing
an improvement. Thisfinding indicates that the app worked on
the participants in that group and that HeartBot helped the
participants reduce perceived stress.
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Figure5. Summary of statistics on items on the Perceived Stress Scale survey.
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The descriptive data and comparison of the means in the

HeartBot group for the 5 characteristics of EPOCH showed an

increasein all 5 positive characteristics (Figure 6). Thefindings

indicate that the positive characteristics of perseverance,

optimism, and connectedness increased significantly in the
HeartBot group. Therewas also adecrease noted in all 5 positive
characteristics in the control group.

Figure 6. Change in EPOCH total mean scores on the pre- and postsurveys for the two groups. EPOCH: Engagement, Perseverance, Optimism,

Connectedness, and Happiness.
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For the postintervention total EPOCH scores, the median total
EPOCH scorewas 89.0 for the HeartBot group and 60.5 for the
control group. Therewas asignificant differencein the medians
of the postintervention total EPOCH scores for the HeartBot

and control groups, with Kruskal-Wal Iisx21=51.0 (P<.001) and
Bonferroni correction 9.5 x 107,

In comparing the baseline and postintervention total EPOCH
scoresfor the HeartBot group, there was asignificant difference
in the medians of the total scores (W=411.5, P<.001). In
comparing the baseline and postintervention total EPOCH scores
for the control group, there was a significant difference in the
medians of the total scores (W=1145, P=.01). Paired 2-tailed t
tests on baseline pre-EPOCH and post-EPOCH scores between
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the HeartBot and control groups showed asignificant difference
(Multimedia Appendix 4).

Age Categories
An adult is any participant aged 18 years or older, and a minor

is any participant younger than 18 years (14-17 years for this
study).

For adults, a statistically significant difference was found on
the PSS at baselinein contrast to the postdata (HeartBot group:
ts=7.14, P<.001; control group: t,;=—4.07, P<.001). When
comparing the data for minors, there was a statisticaly
significant difference found on the PSS at baseline in contrast
to the postdata (HeartBot group: t,;=8.61, P<.001; control group:
t;5=—2.8, P<.001). This finding suggests that there was a
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significant decrease in perceived stress in the HeartBot group
in comparison with the control group.

For adults, comparing the baseline and postintervention total
EPOCH scores for the HeartBot group showed that there was
a significant difference in the medians of the total scores
(W=130.5, P<.001). When comparing the baseline and
postintervention total EPOCH scores for adults in the control
group, there was no significant difference in the medians of the
total scores (W=434.5, P=.23). For minors, comparing the
baseline and postintervention total EPOCH scores revealed a
significant difference in the medians of the total scoresfor the
HeartBot group (W=75, P<.001) and for the control group
(W=186, P=.002).

Discussion

Principal Findings

This study’s objectives were to assess changes in scores
measuring stress levels (using PSS) and emotional wellness
(using EPOCH). This study showed that there was a significant
decrease in the perceived stress levels and an increase in the
emotional well-being of participants who used the app for 21
daysfor 30 minutes every day based on a21-day calendar. Apps
have been shown to provide more efficient delivery of health
careand increase treatment effectiveness[20]. Thisapp provides
users with a convenient way to practice something that would
be harder for them to do otherwise. This study demonstrated
that the HeartBot app reduces stress levels and improves
emotional well-being for its users.

A previous study on Heartfulnessin schools showed asignificant
decrease in stress levels and a significant increase in
participants’ overall well-being [12]. Another study showed
that practicing Heartfulness techniques for 12 weeks
demonstrated improved wellness and amelioration of burnout
[21]. Theresults of this study are consistent with these studies.

The findings from this study contribute to the growing
movement of stress management apps and their effectiveness.
Small to moderate effects on globa well-being and positive
affect were seen over 1 working day of using amindfulness app
[22]. Combining technology and mindfulness techniques has
been shown to elicit meaningful benefits by increasing the
accessibility and efficacy of mindfulness training [23].
Teenagers prefer using a digital medium for help rather than a
face-to-face approach [24]. Studies have shown that
computerized platforms such asappsare acomparable and valid
means of delivering mindfulness training compared with
face-to-face interactions, showing that apps can be just as
effective a method of practicing mindfulness [25]. This study
addsto the evidence that the HeartBot app can hel p significantly
decrease stress and improve emotional wellness.

This study addresses how much time a user needs to spend on
the app to reap its benefits. All participants in the HeartBot

http://formative.,jmir.org/2021/1/e22041/

lyer et a

group spent 30 minutes aday for 21 days and saw a significant
difference in their stress levels. EPOCH showed a significant
increase in the HeartBot group for perseverance (P=.009),
optimism (P=.005), and connectedness (P<.001). Futureresearch
could further explore the social benefits of Heartfulnessand the
long-term effects of using the HeartBot app. Notably, studies
in the future could explore the connection between loneliness
and the practice of Heartfulness tools.

Going into this study, we expected to see a significant result
for the group of participants aged 14 to 18, as teenagers are
more likely to prefer using technological mediums than are
older participants[24]. The app was designed specifically with
this age cohort in mind. To conclude, the results suggest a
significant decrease in the perceived stress levels and a
significant increase in social-emotional well-being for all users
aged 14 years or older. Future studies can be designed to
investigate the effect of HeartBot after 3 months and then after
6 months to provide further evidence.

Limitations

The current study is the first study to explore the effectiveness
of the HeartBot app. Some limitations of this study were
identified. First, participants used the app for 21 days based on
a calendar, but the specific data reporting the exact length of
time that each participant spent on the app were not measured.
Second, this study had restrictions on time and resources. Future
studies could use arandomized controlled design with alarger
sample and longer duration to establish the app’s effectiveness.
Third, although groups were randomized and no self-selection
was involved, there were some baseline differences in the
EPOCH scores between the two groups. Fourth, 27% (24/88)
of the sample participants were men and 73% (64/88) were
women, limiting generalizability to men. Fifth, as the study
included minors and adults, further studies could focus on one
target group for more substantial data. Sixth, EPOCH has
demonstrated good reliability, validity, and sensitivity to change
in adolescents but not in adults. Future work should extend the
findings of this feasibility study and consider these limitations
to lead to broader generalizability.

Implicationsfor Mental Health

The authors examined the HeartBot app’'s effectiveness in
reducing perceived stress and improving overall well-being in
participants 14 years and older. These findings provide evidence
that HeartBot enables users who use the app for 21 days for 30
minutes every day to manage stress effectively by providing
personalized guided audios and Heartfulnesstools. Resultsfrom
the quantitative analyses provide further evidence supporting
the use of this app for providing a convenient way for
adolescents and adults to learn and practice Heartfulness tools
for stress management and social-emotional well-being. More
widespread usage of the app under this study could be
encouraged based on this preliminary evidence of its
effectiveness.
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Abstract

Background: The REDUCE-RISK trial was set up to compare the effectiveness of weekly subcutaneously administered
methotrexate with daily oral azathioprine or 6-mercaptopurine in low-risk Crohn disease (CD) or subcutaneously administered
adalimumab (ADA) in high-risk CD in a pediatric population (age 6-17 years).

Objective: The aim of this study is to perform a systematic review to provide input into the research protocol to gather the
necessary information to improve the performance of an evidence-based economic evaluation when the trial is finished.

Methods: The Centrefor Reviews and Dissemination (CRD) Health Technology Assessment (HTA) database, websites of HTA
institutes, CRD’s National Health Service Economic Evaluation Database, MEDLINE (OVID), and Embase databases were
consulted to retrieve (reviews of) relevant economic evaluations. Studies were eligible if they included a pediatric or adult
population with inflammatory bowel diseases (CD and ulcerative colitis [UC]) treated with ADA (Humira). There were no
restrictions on the comparator. Only economic evaluations expressing outcomesin life years gained or quality-adjusted life years
gained were selected.

Results: A total of 12 primary studies were identified. None of these studies included a pediatric population because of alack
of supporting trials. The economic evaluationsidentified in our systematic review indicate that ADA isan appropriate intervention
for inclusion in such atrial. From a health economic point of view, it isimportant to make an incremental analysis comparing
such an intervention with standard care and not immediately versus another (expensive) biological treatment. Information on the
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impact of children’s school attendance and parents' productivity is currently lacking in economic evaluations, and none of the
underlying trials measured quality of life (QoL) using a generic utility instrument.

Conclusions: The review of the economic literature on ADA for the treatment of patients with CD supports the performance
of atrial with biologicals in pediatric patients, including making a distinction according to disease severity. Conducting an
economic literature review enabled usto decide which variables should be added to the research protocol from an economic point
of view. Measurements for children’s and parents’ QoL (EuroQol 5-Dimension questionnaires), children’s school attendance,
and parents' productivity (WPAI-CD-CG questionnaire) were added to the research protocol. This will provide support for the

calculation of the cost-effectiveness of the interventions evaluated in the REDUCE-RISK tridl.

Trial Registration:

(IMIR Form Res 2021;5(1):€13888) doi:10.2196/13888

Clinical Trials.gov NCT02852694; https://clinicaltrials.gov/ct2/show/NCT02852694

KEYWORDS

Crohn disease; cost-benefit analysis; adalimumab; clinical trial; protocol; technology assessment, biomedical

Introduction

The REDUCE-RISK Trial

Immunomodulators such as thiopurines (azathioprine [AZA]
or 6-mercaptopurine [6-MP]), methotrexate (MTX), and
biologicals such asadalimumab (ADA) are well established for
the maintenance of remission in pediatric Crohn disease (CD).
However, it remains unclear which maintenance medication
should be used first line in specific patient groups. The
REDUCE-RISK trial (Risk-stratified randomized controlled
trial in paediatric Crohn's Disease: Methotrexate versus
azathioprine or adalimumab for maintaining remission in
patients at low or at high risk for aggressive disease course,
respectively —atreatment strategy) aimsto compare the efficacy
of maintenance therapies in newly diagnosed CD based on
stratification into high- and low-risk groups for severe CD
evolution: (1) MTX versusAZA/6-MPin low-risk patients and
(2) MTX versusADA inhigh-risk patients. Patientsare eligible
if aged 6 to 17 years with new-onset (<6 months)
treatment-naive active and/or periana fistulizing CD and
receiving steroids or exclusive enteral nutrition (EEN) for
induction of remission. They are stratified into low- and
high-risk groups based on phenotype and disease response to
induction therapy. Individua informed consent is obtained
before participation in the study. Petients are followed up for
12 months post randomization at prespecified intervals. The
primary endpoint is sustained steroid or EEN-free remission at
12 months [1].

The REDUCE-RISK trial, an international multicenter
open-label prospective randomized controlled trial (RCT), has
received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement
number 668023. Thistria has been reviewed and approved by
the National Ethics Services of participating countries and is
prospectively  registered  (ClinicalTriadls.gov  Identifier:
NCT02852694; date of registration: June 9, 2016; EudraCT
Number: 2016-000522-18).

Background on Health Technology Assessment and
Economic Evaluations
When setting up the protocol for REDUCE-RISK, the research

team prepared to alow the performance of a full health
technol ogy assessment (HTA). The European Network for HTA

http://formative.,jmir.org/2021/1/e13888/

(EUnetHTA) describes HTA as “a multidisciplinary process
that summarizesinformeation about the medical, social, economic
and ethical issues related to the use of a health technology in a
systematic, transparent, unbiased, robust manner. Itsaim is to
inform the formulation of safe, effective, health policies that
are patient focused and seek to achieve best value. Despite its
policy goas, HTA must aways be firmly rooted in research
and the scientific method.” In HTA, an economic evaluation is
performed to determine whether an intervention offers value
for money in comparison with other alternatives. Thiseconomic
consideration might provide support to policy makers when
making decisions while trying to make efficient use of limited
resources.

An economic evaluation is “the comparative analysis of
alternative courses of action in terms of both their costs and
consequences’ [2]. In an economic evaluation, the incremental
cost-effectivenessratio (ICER) is calculated using the following
genera formula:

ICER=IC/I E:(CI nt_CComp)/ (EI nt— EComp)

with C being the costs, Comp the comparator, E the effects, IC
the incremental cost, |E the incremental effect, and Int the
intervention.

Thisformula showsthat the focus should be on theincremental
elements, that is, those that differ between the compared
alternatives. Economic evaluations can be performed from
different perspectives. Asmentioned in the EUnetHTA guiddline
on methods for health economic evaluations [3], “economic
evaluations should at minimum be conducted from ahealth care
perspective. However, several countries require a societal
perspective” To make the results of the international
REDUCE-RISK trial useful for researchers and policy makers
in different countries, incremental elements for both the health
care payer and societal perspective will be taken into account.

A Review of the Literatureto Provide Input to the
Research Protocol

In preparation of a future economic evaluation, we determine
the most important incremental elements. The International
Society for Pharmacoeconomics and Outcomes Research
(ISPOR) guidelines state that “ assessing relative value is rarely
the primary purpose of an experimental study. Nevertheless,
when the decision is made to conduct an economic evaluation
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alongside a clinical trial, it is important that the economic
investigator contributes to the design of the study to ensure that
the trial will provide the data necessary for a high-quality
economic evaluation” [4]. Our research question is which
additional elements should we include in the research protocol
of the REDUCE-RIX trial to provide support to a high-quality
economic evaluation? Therefore, a systematic search for
economic literature about the cost-effectiveness of ADA
(Humira) for the treatment of inflammatory bowel disease (IBD)
was performed.

The purpose of this systematic review is to obtain more useful
insights and knowledge from previous economic studies [5].
These previous economic evaluations guide us in finding the
key variables that enable us to provide well-directed input for
the research protocol. In this paper, the review of the economic
literatureistransparently presented. No official review protocol
was established for the systematic review. Thefindings are used
to provide input for the research protocol from a health
economic point of view (eg, to decide which questionnaires
should be added to the research protocol). On the other hand,
we also want to avoid overloading the research protocol and
only focus on the incremental elements that influence an
intervention’s cost-effectiveness. The results of this systematic
review help us to focus on gathering the right information in
the REDUCE-RISK trial, which will support researchers at the
end of the trial to make a high-quality economic evaluation.

Methods

A systematic review of the literature was conducted using
predefined selection criteria that included considerations of
population, intervention, comparator, and design. As the goal
of this study is to provide input for the research protocol, the
applied selection criteria were not too restrictive. Studies were
included if (1) the population included children or adults with
IBD (CD and ulcerative colitis[UC]); (2) ADA was one of the
included interventions; and (3) the design reflected a full
economic evaluation, that is, studies comparing at least two
alternative treatments in terms of costs and outcomes and
expressing outcomes in life years gained or quality-adjusted
life years (QALY s) gained. No restrictions were applied to the
comparator. Studieswere excluded if they only considered other
treatments than ADA at the moment of randomization. Studies
that only included switching to ADA in case of no response to
the interventions under consideration (ie, not including ADA
at the moment of randomization) were not selected. Cost
analysis or cost-of-illness studies did not fulfill the
aforementioned definition of an economic evaluation and were
excluded. Assummarizedin an EUnetHTA guideline providing
an overview of national guidelines for 25 countries, “all
countries except four specify that the preferred outcome measure
isQALYsor both QALY s and life years. Of the four countries
with guidelines that do not announce QALY's as a preferred
method, at least three accept QALY'sin special circumstances
or in complementary analyses’ [3]. In this study, we focus on
these preferred outcomes. Studies expressing results in
disease-specific outcomes (eg, cost per remission [6,7], cost per
responder [8], or cost per mucosal healing [9]) are thus excluded.
Before-after analyses [10] comparing the costs before and after

http://formative.,jmir.org/2021/1/e13888/
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the start of treatment with ADA were also excluded, as they
also do not fulfill the definition of an economic evaluation (ie,
lack of a comparative intervention). Abstracts were excluded
because of a lack of sufficient details to alow for a proper
evaluation. No time restriction was imposed. English, French,
German, and Dutch papers were eligible.

Various databases were consulted. In February 2016, beforethe
final protocol was set up, reviews on this topic were searched
by consulting the Centre for Reviews and Dissemination (CRD)
HTA database and HTA ingtitute websites listed on the
International Network of Agencies for Health Technology
Assessment website. The websites of ex- or nonmember HTA
institutes such as the National Institute for Health and Care
Excellence (NICE) were also consulted. In September 2016,
CRD’sNational Health Service Economic Eval uation Database,
MEDLINE (OVID), and Embase databases were searched to
retrieve both full economic evaluations and reviews of full
economic evaluations of ADA for IBD treatment. To ensure
reproducibility, further details of the search strategy are provided
in Multimedia Appendix 1.

The selection of relevant papers was performed in a 2-step
procedure: an initial assessment of the title, abstract, and
keywords, followed by a full-text assessment of the selected
references. When no abstract was avail able and the citation was
unclear or ambiguous, consideration of the citation was made
directly on the basis of a full-text assessment. Reference lists
of the selected studies were checked for additional relevant
citations. The procedure was performed by a health economist
(MN), and in case of doubt for medical reasons, a medical
specialist (GV) provided support.

The primary full economic evaluations were summarized in an
in-house data extraction sheet listing all variables (eg,
population, intervention, comparators, and quality of life[QoL]
input) and summary measures (eg, ICERs and results of
sensitivity analyses) for which data were sought (Multimedia
Appendix 1). The information gathered in these sheets reflects
the elementsthat are usually reported in an economic evaluation
(eg, according to the Consolidated Health Economic Evaluation
Reporting Standards [CHEERS] guidelines [11,12]). This
information was used to set up summary tables that form the
basisfor afurther critical assessment. On the basis of theresults
of this assessment, we judged whether from an HTA and
economic perspective, elements in the research protocol of the
REDUCE-RISK trial could be added.

Results

Article Selection

Figure 1 presentsthe flowchart of the selection process. A total
of 12 papers were identified in the electronic databases. Four
additional references were identified by searching websites of
HTA ingtitutes. Information from 3 journal papers[13-15] and
1report [16] were already published in an HTA report. To avoid
overlap, only the 12 primary studies [17-28] will be further
discussed. The list of the 16 identified economic evaluations
and information on duplicates is provided in Multimedia
Appendix 2.
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Figure 1. Selection of relevant articles.
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General Information

Half of the studies were performed for the United Kingdom
(n=6; Table 1). Two studies conducted an analysis for Canada,
another 3 for the United States, and 1 for Poland. All but one
of the studies explicitly declared the presence or absence of
conflictsof interest. All studieswere cost-utility analyses. Most
short-term models (1 year) applied a decision tree, whereas
long-term analyses (5, 10, or 30 years or lifetime) are Markov
models or acombination of aninitial decision tree and aMarkov

http://formative.,jmir.org/2021/1/e13888/

component. For the long-term models, applied discount rates
arein agreement with national recommendationsin all but one
of the analyses. In this study, the manufacturer assumed an
annua discount rate of 3% for both health and cost outcomes,
although the Canadian Agency for Drugs and Technologiesin
Health (CADTH) guidelines recommend a 5% discount rate
[19]. However, a 5% discount was applied in the sensitivity
analysis. For further details, we refer to section 2.3.1 of the
Multimedia Appendix 1.
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Table 1. Genera information on the identified economic evaluations.
Study Country Col® Analytic technique  Design Time horizon Discount
rate® (%)
Archer et al [17] United Kingdom No CUAS Markov Lifetime 35
AbbVie submission N/AE Yes CUA Markov 10 years 35
MSD' submissiond N/A Yes CUA Decision 10 years 35
tree+tMarkov
Assasi et al [18] Canada No CUA Markov 5years 5
Bodger et al [23] United Kingdom No CUA Markov Lifetime (60 years) 3.5
CADTH [19] Canada Yesornod  CUA Markov 10 years 3
Dretzkeet al [20] United Kingdom No CUA Markov 1year _h
Abbott submission’ N/A Yes CUA Markov lyear (56 weeks)  —
Essat et a [21] United Kingdom Yes or no CUA Decision 10 years 35
treetMarkov
Kaplan et a [24] United States Yes CUA Decision tree 1year —
Loftuset a [25] United Kingdom Yes CUA Regression model 1lyear 35
Rafiaet a [22] United Kingdom Yes or no CUA Decision 10 years 35
treetMarkov
Stawowczyk et al [26] Poland No CUA Markov 30 years Costs: 5; Ef-
fects: 3.5
Tang et a [27] United States Notdeclared CUA Decision tree 1 year (54 weeks) —
Yu et al [28] United States Yes CUA Decision tree lyear (56 weeks) ——

8Col: conflict of interest.
bDiscount rate for both costs and effects, unless otherwise mentioned.
CCUA: cost-utility analysis.

%The AbbVie and MSD submissions are part of the report published by Archer et a [17].
EN/A: not applicable. This submission is part of the UK report in which it was published.

'MSD: Merck Sharp & Dohme.

9submission by the manufacturer reviewed by the CADTH team (Common Drug Review Analyses).

ANo discount rate is applied because of the short time horizon of 1 year.
'Abbott submission is part of the report published by Dretzke et a [20].

IThe manufacturer submitted a model-based health economic analysis as part of their submission, which was then evaluated by ateam of researchers

from the School of Health and Related Research.

Population and Compared I nterventions

None of the studiesincluded apediatric population. The primary
economic eval uationsinvestigated treatment strategiesfor adult
patients (average age 35-40 years and average weight 69-77 kg)
with moderate-to-severe UC or CD. Intwo studies, asecondary
analysisis considered for the pediatric population [17,20]. The
authors consider this as an exploratory analysis, as the efficacy
data are drawn from trials undertaken within an adult UC
population [17].

Most studies explicitly mention that patientsfailed (intolerance,
inadequate response, or |oss of response) to respond to standard
therapy before ADA was considered. In al but 3 studies
[24,27,28] and the MSD submission [17], conventional
nonbiologica therapy is considered as a comparator. This
usualy exists as a mix of 5-aminosalicylates (5-ASAS),
corticosteroids, and immunosuppressants. In 2 studies, only
biologicalsareincluded [24,28]. The study by Kaplan et al [24]

http://formative.,jmir.org/2021/1/e13888/

considered whether dose escalation of infliximab (IFX; to 10
mg/kg every 8 weeks) isa cost-effective strategy compared with
ADA initiation after loss of response to 5 mg/kg of IFX. In
addition, Yu et a [28] compared IFX and ADA. This study was
also part of the Abbott submission, which contained 2 models:
one comparing the cost-effectiveness of ADA asamaintenance
therapy against standard care (SC) and the other comparing the
cost-effectiveness of ADA and IFX as maintenance therapies
[20]. The report of Dretzke et a [20], which made a critical
assessment of Abbott’s submission, concentrates on the model
including SC as a treatment option (refer to the Discussion
section).

In 2 studies [17,21] and the MSD submission [17], surgery
(colectomy) isconsidered asan initia treatment option. Inthese
studies, surgery isincluded as an alternative treatment strategy
and adownstream component of the pathway for patientsinthe
other treatment strategies. In other models, such as the models
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discussed in the CADTH report [19] and from the AbbVie
submission [17], surgery is not considered a direct comparator
but only included as a treatment for patients who failed both
biological and nonbiological drug treatments.

Next to ADA, the most frequently included biological treatments
arelFX, golimumab, and vedolizumab. Certolizumab pegol and
natalizumab are also included in individual studies. In most
studies, ADA was administered asfollows: induction—160 mg
(week 0), 80 mg (week 2); maintenance—40 mg every other
week (starting from week 4) [17-19,21,24,26-28]. In other
studies, the following treatment schedule was applied:
induction—80 mg (week 0), 40 mg (week 2); maintenance—40
mg every other week [20,22,23,25]. The duration of treatment
might also be different but is not always clearly stated. Bodger
et al [23] included 1 or 2 years of treatment with ADA or IFX,
after which patients return to SC. For further information on
the treatment schedule of the other interventions and dose
escalation, we refer to section 2.3.2 of Multimedia Appendix
1

Costs

Most economic evaluations are performed from the perspective
of the health care payer. Tang et al [27] took the perspective of
amanaged care organization in the United States and excluded
patient co-payments. Only 2 studies applied a broader societal
perspective, including costs related to lost productivity. Loftus
et al [25] assumed that each CD-related hospitalization
corresponds to a missed interval of work equal to the average
duration of serious adverse events (AES) leading to
hospitalization (on average 16.55 days based on the Crohn’s
Trial of the Fully Human Antibody Adalimumab for Remission
Maintenance (CHARM) tria [29]). This was then multiplied
by an 8-hour workday and an average hourly wagein the United
Kingdom of £13.00 (US $17.6) [25]. Stawowczyk et a [26]
included indirect costs based on an unpublished study carried
out in Poland on 202 patients with UC. Indirect costs included
absenteei sm, presenteeism, and leaving the labor market earlier.
Yearly indirect costsfor remitted patients counted as PLN 6524
(US$1767) [26]. For patientswith active disease, thiswas PLN
22,935 (US $6211). An overview of the perspective, currency,
and year of costing is provided in Multimedia Appendix 1.

Costs of Biological Treatments

An overview of the unit costs of biological treatments is
provided in Multimedia Appendix 1. It is remarkable that
although the unit cost for 40 mg of ADA islower than 100 mg
of IFX in the studies for the United Kingdom [17,21,22] and
Canada[18,19], thisisthe oppositein all US studies[24,27,28].
However, IFX is assumed to be administered in a day-case
setting, whereas ADA can be self-administered subcutaneoudly.
As aresult, the total treatment costs with IFX are not always
lower if administration costs are aso taken into account. For
example, in the study of Yu et al [28], the total therapy cost for
ADA equals the drug costs of US $17,176. For IFX, the total
therapy cost of US $18,214 consists of the drug costs (US
$14,663), the drug administration costs (US $1605), and excess
uninfused drug costs (US $1946). Differences in start-up dose
or dose escalation probabilities further influence total treatment
costs (Multimedia Appendix 1).
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Costs of Standard Care

The costs of SC are substantially lower than those of biological
treatment costs. In the study by Archer et a [17], SC in the
induction phase of 8 weeks, consisting of 5-ASAs, AZA, 6-MP,
and prednisolone, costs £167.6 (US $227.4). | n the maintenance
phase of 26 weeks, thisis £343.8 (US $466.4). The same use
of background therapiesis assumed for all biological treatment
arms. Standard care cost differences were small between the
different treatment strategies. For example, in their model
comparing golimumab with ADA, IFX, or SC, the background
therapy costs were £251.43 (US $341.1) per cycle for the
standard nonbiological treatment group versus £200.03 (US
$271.4) per cycle for the biological treatments during the
induction treatment (cycle=8 weeks). During maintenance
treatment (cycle=2 months), this was £121.15 (US $164.4)
versus£120.98 (US $164.1), respectively [17]. Assasi et al [18]
include atotal non-anti-TNF outpatient drug costs per cycle (8
weeks) of CAD 116.30 (US $91.6) for drug responsive patients
and CAD 85.95 (US $67.7) for drug refractory patients. In the
report of Essat et al [21], conventional treatment (bal salazide,
mesal azine, ol salazine, sulfasal azine, budesonide, prednisolone,
AZA, 6-MP, and MTX) costs £153.6 (US $208.3) per induction
cycle (6 weeks) and £204.8 per maintenance cycle (8 weeks).
The authors assume that while patients are receiving biological
therapy, the costs of conventional therapies are halved (£102.4
[US $138.9]). The same logic is applied in the study of Rafia
et al [22], with acost of £52.62 (US $71.4) per induction cycle
and £70.16 (US $95.2) per maintenance cycle, which is halved
(E35.08 [US $47.6]) for patients while receiving biological
treatment. I n the Polish study, standard treatment costs per cycle
(8 weeks) are PLN 204 (US $55.3) [26]. Thus, the incremental
impact of these costs is minima in comparison with the
biological treatment costs.

Costs of Colectomy or Surgery

From the 3 studies including colectomy as an alternative
treatment strategy, Archer and Essat refer to information from
the study of Buchanan et al [30] to include a cost of £13,452
(US $18,242) [17] and £13,577 (US $18,412) [21] for surgery.
In the MSD submission [17], the cost for colectomy is £8968
(US$12,160). Other studiesinclude surgery asan event in their
model, without providing further details on the type of
hospitalization. A widerange of costsis mentioned: the surgery
cost is PLN 12,480 (US $3380) in the Polish study of
Stawowczyk et al [26] up to $31,923 for a hospital unit cost in
the US study of Yu et a [28]. The cost of surgery was $11,341
in the US study of Kaplan et al [24], £10,581 (US $14,351) in
the UK study of Rafiaet a [22], and CAD 19,269 (US $15,171)
inthe CADTH study [19].

Incremental Costs Related to AEs

Archer et a [17] report that serious and severe AEs were not
considered in the AbbVie model. The manufacturer notes that
most AEs experienced by patients were nonserious and
considered to be unrelated to the study drugs (based on results
fromthe ULTRAZ2trial [31]) [17]. In addition, the manufacturer
highlights that the exclusion of these events represents a
conservative assumption as“the ULTRA2 tria reported dightly
higher incidences of serious and severe AESin the placebo arm
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than in the adalimumab arm of the tria; therefore, considering
serious and severe AEs in the model would have increased
medical costs and reduced health gains within the conventional
management group” [17]. In addition, the Polish study refers
to the ULTRAZ2 tria [31] to justify that certain AEs were not
included in the model because ADA treatment was generally
well tolerated and the overall safety profile of ADA was
comparable with that of placebo [26]. Rafia et al [22] aso
indicate that theimpact of AEsonthe |ICER isminimal. Finally,
Tang et a [27] mention that they are not aware of evidence that
demonstrates large differencesin the proportion of adversedrug
reactions across the 4 biological treatments (ADA, IFX,
certolizumab pegol, and natalizumab), and the frequency of
these complications is low. On the basis of their clinical
judgment, they conclude that adverse drug reactions should not
beincluded in the structure of the model. Progressive multifocal
leukoencephalopathy occurrence with natalizumab was
considered a rare but significant AE with a treatment cost
between $14,544 (lower limit) and $22,725 (upper limit) [27].

QoL

Archer et a [17] performed a systematic literature search for
utility values. A total of 10 studies reported EuroQol
5-Dimension (EQ-5D) estimates for one or more health states
relevant to their model (Multimedia Appendix 1). The authors
considered the valuesreported by Woehl et a [32] and Swinburn
et al [33] to be the most useful as “they are UK based, included
a fairly large number of patients (n=180 and n=230,
respectively) and have the greatest coverage of the health states
in the model” [17]. Unfortunately, both studies are only
published as an abstract. Swinburn et a [33] included 230 UC
patients (postsurgery [n=30], remission [n=78], mild disease
[n=47], moderate disease [n=31], and severe disease [n=44]).
The EQ-5D utility scores were collected via an online survey.
The results are presented in a figure in the abstract, without
mentioning the exact utility values. Archer et al [17] extracted
utility values from this graph: for patients who had not
undergone surgery, the utility scores for each disease severity
were as follows: remission 0.91 (95% CI 0.87-0.95), mild
disease 0.80 (95% CI 0.70-0.85), moderate disease 0.68 (95%
Cl 0.58-0.78), and severe disease 0.45 (95% Cl 0.35-0.55).
Archer et al [17] extracted the following mean EQ-5D scores
from the study of Woehl et a [32]: remission 0.87 (SD 0.15),
mild disease 0.76 (SD 0.18), and moderate-to-severe disease
0.41 (SD 0.34).

None of the identified economic evaluations is based on an
RCT, including a head-to-head comparison of the relevant
intervention and comparator, in which utilities are measured
with a generic utility instrument. Next to the previously
mentioned studies of Woehl et a [32] and Swinburn et al [33],
a variety of other sources and assumptions were used in the
other identified economic evaluations. Werefer to section 2.3.5
of Multimedia Appendix 1 for further details. Most economic
evaluations refer to the study of Gregor et a [34] to retrieve
relevant utility values. They used the time trade-off (TTO),
Standard Gamble (SG), and Visual Analog Scae (VAS) methods
in 180 consecutive patients with CD to obtain utilities. All but
one of the studies referring to Gregor et al [34] mentioned the
use of values from the SG approach [18,24,25,27,28]. Only
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Dretzke et a [20] used the TTO values. The results for the SG
technique were asfollows: mild disease, 0.82; moderate disease,
0.73; and severe disease, 0.54 [34]. For the TTO technique,
these were 0.96, 0.88, and 0.71, respectively. A second table
presented the following mean utility scoresfor the SG technique
at the initial visits: chronically active therapy resistant, 0.74;
chronically active therapy responsive, 0.86; acute disease
exacerbation, 0.77; remission, 0.88; and overall, 0.81. With the
TTO approach, these were 0.88, 0.98, 0.89, 0.96, and 0.92,
respectively [34].

Bodger et a [23] mapped the midpoint CD Activity Index
(CDAL) scoresto EQ-5D utility scores. An algorithm devel oped
by Buxton et al [35] was used (EQ-5D=0.9168-0.0012xCDAL).
This algorithm was based on multiple observations from 905
patients with moderate-to-severe CD who participated in the
Efficacy of Natalizumab as Active Crohn’s Therapy (ENACT-1)
and Evaluation of Natalizumab as Continuous Therapy
(ENACT-2) clinical trials [36]. We refer to our discussion on
QoL for some critical remarks from the authors who devel oped
this algorithm.

Finaly, large differences are observed in the postsurgery
remission utility values. Several studies assigh a value equal
[18] or similar [24,27] to the utility for (medical) remission. In
contrast, several other studies assign a much lower value for
postsurgery remission. For example, in the MSD submission,
theutility valuefor postcolectomy remission (0.60) was assumed
to be equal to the utility value for late complications
(postcolectomy). Similar valuesfor postsurgery remission were
assumed in the study discussed in the CADTH report (0.67)
[19] and in the studies by Essat et a (0.60) [21], Rafia et al
(0.57) [22], and Stawowczyk et al (0.61) [26], whereasremission
utility values were much higher—0.82, 0.86, 0.82, and 0.88,
respectively. Multimedia Appendix 1 provides further details
on the utility values assigned to (post-)surgery health states.
We come back to the observed differences in the Discussion
section.

Treatment Effect

Thetreatment effect of theincluded studieswas based on awide
range of sources. An overview of the trials is provided in
Multimedia Appendix 1. Severa authors conducted a network
meta-analysis for both the induction and maintenance phases
[17,21,22]. Other studies performed an indirect comparison.
For example, in the study of Assas et a [18], the initia
remission and response rates for IFX were derived from the
12-week results of the 5 mg/kg arm that was reported by Targan
et a [37]. For ADA, the 4-week results of the 160 mg and 80
mg arm of the CLASSIC 1 study were used [38]. For the usual
care strategy, pooled rates from the placebo arms of these 2
trialswere used to estimate remission and response rates. Bodger
et al [23] and Dretzke et a [20] selected the ACCENT | trial
[39] to model the IFX arm and the CHARM trial [29] for ADA.
This was aso the case in the study by Kaplan et a [24].
However, in the latter study, the initial response rate to ADA
was retrieved from the GAIN study [40] that evaluated ADA
induction following IFX failure. In addition, the CADTH report
[19] referred to an indirect treatment comparison conducted by
the manufacturer to estimate the efficacy of treatments for
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inducing response or remission. Although most studiesrefer to
the CHARM tria [29] for information on ADA, Stawowczyk
et a [26] referred to the ULTRA 2 study [31] for estimates of
response and remission with ADA or SC.

Yu et a [28] relied on data from the CHARM [41] and
ACCENT | [42] trials to model results for the ADA and IFX
treatment arms. The authors remark that patient samples were
not equivalent at baseline. The CHARM trial included patients
with a maximum baseline CDAI score of 450 versus 400 for
ACCENT | [28]. Therefore, the sample of 234 ADA-treated
patients was weighted to have the same baseline median and
the same 25th and 75th percentile CDAI values, sex distribution,
and median age asthosein the IFX arm of ACCENT I [28]. No
such adjustments were made in the other indirect comparisons.
Furthermore, strong assumptions are made. For example, Archer
et al [17] point out that in the M SD submissions, “ patients who
have previously achieved aresponse can either maintain or lose
that response, but they cannot improve (i.e. they cannot
subsequently transit to the remission state). ...no additional
patients can achieve remission after induction and no patients
with remission can completely |ose response during any given
model cycle”

Incremental Cost-Effectiveness Ratios

Inthisoverview, wefocus on the results of treatment with ADA
and other biologicals (IFX, golimumab, and vedolizumab). For
a more detailed overview, we refer to sections 2.3.8 and 2.3.9
of Multimedia Appendix 1. Section 2.3.8 of Multimedia
Appendix 1 asoincludes overview tables presenting the results
of the identified economic evaluations.

In the study by Archer et a [17], when colectomy is an
aternative, colectomy is expected to dominate IFX, ADA,
golimumab, and conventional nonbiological treatments. When
elective colectomy is not an acceptable or preferred option, |FX
and golimumab are expected to be ruled out because of
dominance. The ICER of ADA versus conventiona
nonbiological treatment is expected to be approximately £50,300
(approximately US $68,200) per QALY gained [17]. In the
AbbVie submission (marketing ADA—Humira), ADA had an
ICER of £34,590 (approximately US $46,900) per QALY
gained. In contrast, in the MSD submission (marketing IFX or
Remicade and golimumab or Simponi), ADA is expected to be
dominated by golimumab [17].

Assasi et a [18] calculated that usual care created the lowest
expected QALY s. However, the costs associated with ADA and
IFX could be perceived as high with ICERs of about CAD
193,000 (approximately US $152,000) per QALY and CAD
451,000 (approximately US $355,000) per QALY, respectively.

Accordingto Bodger et a [23], IFX was always more expensive
and less effective than ADA, for which their model suggests
acceptable ICERs of less than £14,000 (approximately US
$19,000) per QALY [23].

CADTH evaluated the manufacturer's pharmacoeconomic
evaluation. According to the manufacturer's calculations,
golimumab has an ICER of about CAD 42,000 (approximately
US $33,000) per QALY and other biosimilars are (extendedly)
dominated. However, the Common Drug Review identified
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several issues in the indirect treatment comparison and
assumptions that might bias the results in the favor of
golimumab [19].

Dretzke et a [20] did not mutually compare ADA and IFX. For
induction therapy, both biosimilars dominated SC in the
management of severe CD. For moderate CD, only ADA was
dominant relative to SC. Neither drug was considered
cost-effective as maintenance therapy with ICERs of about £5
million (approximately US $6.8 million) per QALY and £14
million (approximately US $19 million) per QALY for ADA
and IFX, respectively [20].

According to the manufacturer’s analysis reviewed by Essat et
al [21], vedolizumab dominates surgery, IFX, and golimumab.
Compared with ADA, the ICER of vedolizumab is estimated
at £6634 (US $8990) per QALY. In contrast, according to the
Evidence Review Group (ERG), surgery is likely to dominate
all medical treatments. If surgery is not an option, the review
group indicates that vedolizumab is expected to be dominated
by ADA [21].

Kaplan et al [24] estimated that IFX dose escalation yielded
0.03 extra QALY s compared with the ADA strategy. However,
in combination with an extra cost of more than $10,000, this
resultsin an ICER of more than $330,000 per QALY [24].

In comparison with nonbiological pharmacotherapy, Loftus et
al [25] calculated ADA has an ICER of about £16,000
(approximately US $21,700) per QALY and £34,000
(approximately US $46,000) per QALY in the treatment of
severe or moderate-to-severe CD, respectively [25].

In the study by Rafiaet a [22], ADA provided 0.21 additional
QALY sin comparison with conventional nonbiological therapy
for an additional cost of £4000 (approximately US $5400),
resulting in an ICER of about £19,000 (approximately US
$25,700) per QALY. Vedolizumab was extendedly dominated.
IFX provides 0.0383 additional QALY's in comparison with
ADA for an additiona cost of approximately £4400
(approximately US $6000), leading to an ICER of amost
£116,000 (approximately US $157,000) per QALY [22].

In addition, the study of Stawowczyk et a [26] indicated that
ADA ismoreeffective and more costly than SC. One-year ADA
treatment results in an ICER of €71,000 (approximately US
$86,700) or £76,000 (approximately US $92,800) per QALY,
depending on the perspective [26].

Tang et a [27] compared several treatments after SC failed. No
significant differences in efficacy were calculated between the
4 biological treatments (IFX, ADA, certolizumab pegol, and
natalizumab). They produce similar QALY s with overlapping
95% Cls. On the basis of Monte Carlo simulations, IFX had the
highest probability of being the most cost-effective therapy
compared with the other biological treatment options [27].

In contrast with the previous study, Yu et al [28] calculated that
ADA delivers more QALY s and saves approximately $4900in
comparison with IFX. On the basis of the probabilistic analysis,
ADA dominates |FX in approximately 94% of the simulations
and is the preferred biological treatment option [28].
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Uncertainty

Almost al studies performed both probabilistic sensitivity
analysis and scenario analyses or one-way sensitivity analyses
to estimate the uncertainty surrounding estimates of incremental
costs, incremental effects, and ICERs. Only Kaplan et a [24]
did not perform a probabilistic sensitivity analysis.

Multimedia Appendix 1 gives an overview of the most
determining variables, asindicated by the authors of the original
economic evaluations. The most often mentioned variables are
the treatment effect [18,20,21,24,27], utilities [17,21,22,27],
and time horizon [18-23,25]. Some authors also highlight the
importance of thetreatment duration [21,23,26], drug treatment
costs[24,27], health state costs[17,21], and patient weight [18].

Discussion

An overview of the economic literature allows us to identify
important issues related to (the calculation of) the
cost-effectivenessof ADA. A mgjor strengthisthat thisexercise
was performed before the trial was started. This way, we avoid
that important information to allow the performance of a
high-quality economic evaluation was not measured in thetrial.
In the first part of this discussion, issues identified from the
review of the economic literature relevant to the REDUCE-RISK
trial are discussed. On the basis of these issues and expert
opinion, input is provided to ameliorate the protocol of the
REDUCE-RISK trial from a health economic point of view.
The added questionnaires are discussed in the second part of
this discussion.

Issues |dentified in the Economic Literature Review
Related to the REDUCE-RISK Trial

Pediatric Population

All the identified economic evaluations performed an analysis
for an adult population. Two studies also included a secondary
analysisfor the pediatric population [17,20]; however, efficacy
data still relied on trials that included only an adult population.
The analysis also did not include youngest children. Archer et
al [17] reported that patients starting age in their pediatric
population was 15 years. Thelack of information related to the
treatment effect of biologicals in pediatric patients means that
the results of such secondary analyses should be interpreted
with caution. Archer et al [17] suggested RCTs assessing the
clinical effectiveness of biologicals in pediatric patients as a
research priority. Thismakesthe conduct of the REDUCE-RISK
trial, which includes patients aged 6 to 17 years, very
worthwhile.

Severity of Disease

Almost al studies explicitly include a population with
moderate-to-severe CD or UC disease. Only two reports
differentiate results according to disease severity. Dretzke et al
[20], inclusive of the Abbott submission discussed in the same
report, distinguish between severe and moderate disease. Loftus
et a [25] peformed calculations for severe CD and
moderate-to-severe CD. They did not perform aseparate analysis
for the moderate CD patients. Such a distinction is important
in economic eval uations as applying the same rel ative treatment
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effect to a higher baseline risk for a specific event resultsin a
larger absolute treatment effect. The severity of disease might
have a significant impact on an intervention’s ICER. Making
an explicit distinction in the REDUCE-RISK trial between
patients at low or high risk for aggressive disease course is
desirable from both clinical and economic points of view.

Adalimumab Versus Other Biological Treatment Options

In most of the identified economic evaluations, ADA has a
better cost-effectiveness than the other biologicals. In the study
by Archer et a [17], IFX and golimumab are expected to be
ruled out in the economic analysis because of dominance (less
effective and more expensive), whereas the ICER of ADA
versus conventional nonbiological treatment is expected to be
approximately £50,300 (approximately US $68,200) per QALY
gained [17]. Inthe study by Assasi et a [18], the ICER of ADA
versususual careisrédatively high (approximately CAD 193,000
[US $152,000] per QALY); however, this is even higher for
IFX versus ADA (CAD 451,000 [approximately US $355,000]
per QALY). Inthe study by Bodger et al [23], IFX isdominated
by ADA.

In the study by Dretzke et a [20], IFX and ADA are not
mutually compared. However, the findings of the economic
model werein favor of ADA: for induction, both ADA and IFX
were cost-effective (dominant relative to SC) in the management
of severe CD, and ADA was cost-effective for moderate CD
(dominant relative to SC) [20].

In the study by Essat et al [21], according to the ERG group,
vedolizumab is expected to be dominated by ADA if surgery
isnot an option [21].

The results of the study by Rafia et a [22] indicate that,
assuming a cost-effectiveness threshold of £30,000
(approximately US $40,000) per QALY, ADA has the highest
probability of being the most cost-effective intervention (78%).
Similarly, inthe study by Yu et al [28] based on the probahilistic
analysis, ADA dominates IFX in approximately 94% of the
simulations.

In the US study of Tang et al [27], IFX and ADA are about
equally effective and IFX is cheaper. Finaly, Loftus et a [25]
and Stawowczyk et a [26] only compared ADA with
conventional nonbiological treatment.

On the basis of the aforementioned information, most of the
economic studies were in favor of ADA in comparison with
other biologicals. Only in the manufacturer’s submissions, the
conclusion is different. For example, in the MSD submission
[marketing IFX or Remicade and golimumab or Simponi), ADA
is expected to be dominated by golimumab [17]. However, the
manufacturer’s submission includes a discount for the drug. If
this discount is not taken into account, golimumab is ruled out
because of extended dominance. Similarly, in a Canadian study,
according to the manufacturer’s calculations, golimumab has
an ICER of approximately CAD 42,000 (approximately US
$33,000) per QALY and IFX and ADA are (extendedly)
dominated [19].

Most of the identified studies indicate that ADA has a better
cost-effectiveness than the other biologicals included in the
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analyses, and thus, from a health economic point of view, it
seems to be a justified biological intervention in future trials.
Nevertheless, in economic evaluations, it isimportant to work
on the efficiency frontier, that is, comparing treatments with
the next best non-(extendedly) dominated intervention. From a
health economic point of view, it is important to make an
incremental analysis and include SC in the analysis and not
immediately compare biol ogical swith each other. As mentioned
by Dretzke et al [20], this would only be relevant “where both
adalimumab and infliximab have been first justified as
maintenance therapies versus standard care (SC). Where one
or both maintenance therapies are not cost-effective versus SC,
this comparison provides no information to decision-makers.”
Therefore, from ahealth economic point of view, we considered
it justified to compare methotrexate with ADA in the high-risk
patient group of the REDUCE-RISK trial.

Treatment Effect

The input for the conventional nonbiological, ADA, and IFX
treatment is often based onthe CLASSIC | [43], CHARM [29],
and ACCENT 1 [39,42] trials, respectively. However, comparing
outcomesfrom individual treatment arms of separate trialsmight
bias the results, and the direction of this bias is unknown.
Head-to-head RCTsare needed to allow an unbiased comparison
of biological therapy with SC. It is aso necessary to set up
reliable health economic models to estimate the intervention’s
cost-effectiveness. The REDUCE-RISK tria is an example of
such a head-to-head RCT.

QoL

The EUnetHTA guideline for methods for health economic
evaluations recommends that results be presented in terms of
both a cost-effectiveness analysis and a cost-utility analysis
[44]. The primary outcome measures should, where appropriate,
be presented as natural units (including life years) and as
QALY s[44]. The hedth-related quality of life (HRQoL ) aspects
of the QALY were captured in a HRQoL weight. On the basis
of thereview of guidelines used by EUnetHTA partners, EQ-5D
is the most commonly recommended instrument for deriving
HRQoL weights, although other instruments are al so mentioned
(eg, Heath Utility Index, Short-Form 6-Dimension, or
15-dimensional) [44].

A major limitation isthat none of the underlying trials measured
QoL with a generic utility instrument. As aresult, the authors
of the economic evaluations have to make many assumptions
in their models. Previous reviewers also noticed strange
assumptions regarding utility values that are linked to health
states. For example, Essat et a [21] reported that the utility
valuein postsurgical remission was lower than for moderate or
severe disease (0.60 vs 0.68), which appearsto be inconsistent.
Bodger et a [23] transformed CDAI scores to utilities, based
on an agorithm developed by Buxton et a [35]. In this study,
the correlation between CDAI and EQ-5D is —0.62, and 29%
of the variability in EQ-5D scoresis explained by CDAI [35].
However, Buxton et al [35] mention in their discussion that
“based on the variance explained, the rel ationships between the
CDAI and utilities in the simple models are weaker than those
for the IBDQ [Inflammatory Bowel Disease Questionnaire] and
suggest that the CDAI provides a poorer basis for estimating
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utilities. Again itsrelatively poor performance as a predictor of
utility reflects its main role as clinical indicator of disease
activity, rather than of HRQoL " In the absence of utility values
for surgery, Dretzke et a [20] assumed that this health state is
represented by the EQ-5D state 22222, which has a UK utility
weight of 0.516. Such assumptions are arbitrary and not very
reliable. As the model results are sensitive to such utility
assumptions, better evidence-based input is desirable. In the
REDUCE-RISK trial, this is taken into account by including
the EQ-5D questionnairein the research protocol (seethe second
part EQ-5D of this discussion).

Indirect Costs

Finally, the studies are performed from a health care payer's
perspective, which excludes indirect nonhealth care related
costs, such as costs related to lost productivity. In contrast,
indirect costs would represent asubstantial portion of the costs
of CD. A US study indicates that this accounts for 28% of the
total CD cost in the United States [45]. Only 2 studies [25,26]
included a scenario with the inclusion of these costs. In the
Polish study, based on an unpublished study, yearly indirect
costs for remitted patients counted to PLN 6524 (US $1767).
This was PLN 22,935 (US $6211) for patients with active
disease. Loftus et al [25] indicate that “including indirect costs
related to lost productivity due to hospitalization improved the
cost-effectiveness of adalimumab therapy. However, the
estimate of indirect costswas|likely substantially underestimated
because only work missed during hospitalization wasincluded.
Other indirect costs, such as decreased productivity at work and
labor force nonparticipation, were not included.” Assasi et al
[18] also reported that if a societal perspective was taken and
indirect costswereincluded in the model, the cost-eff ectiveness
of anti-TNFs compared with that of usual care likely would
have been lower. In addition, Yu et a [28] claim that reliable
data sources to include theimpact on indirect costs are lacking.
Efforts should be taken to gather reliable information about the
impact of different treatments on indirect costs. In the next part
of this discussion, we discuss how measures for school
attendance and parents’ productivity areincluded in theresearch
protocol of the REDUCE-RISK trial.

Added ElementsintheREDUCE-RISK Trial Research
Protocol

Asrecommended by the EUnetHTA guidelineson HRQoL [46],
future studies should include a generic utility instrument in
complement to disease-specific questionnaires to adequately
capturetheimpact of adisease on daily life. Including ageneric
utility instrument in further research is also suggested as a
research priority by the reviewers in the study by Archer et al
[17] and Dretzke et a [20] and the underlying NICE report [16].
The disease-specific IMPACT-3 HRQoL measure was already
included in the protocol. On the basis of the aforementioned
data, a generic utility instrument (EQ-5D) is added to the
research protocol. The ISPOR guidelines also recommend
“prioritization of high-cost resources as well as those that are
expected to differ between treatment arms, without distinction
as to whether they are related to disease or intervention [47].
The scope of resources considered should include direct medical
and nonmedical resources and indirect or productivity costs
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across patients and caregivers” [4]. Similar to previous
economic evaluations, differencesin treatment costs and costs
related to AEs will be taken into account. In addition, in the
REDUCE-RISK trial, children’s school attendance and parents
productivity will also be measured.

EQ-5D

The economic literature review identified the lack of QoL data
that could be expressed as utilities and also indicated thisas a
research priority. Following the EUnetHTA guidelines on
HRQoL [46], such information will be included in the
REDUCE-RISK trid through theinclusion of the generic EQ-5D
guestionnaire.

In patientswith CD and UC, astudy by Stark et a [48] showed
that both the EQ-VAS (EuroQol-visual analog scale) and EQ
index scores correlate well with disease activity indices and
differ significantly between active disease and remission groups.
The authors concluded that the EQ-5D generatesvalid, reliable,
and responsive preference-based evaluations of health in CD
and UC. The EQ-VA S scoreswere more responsive than EQ-5D
index scores, and thus, small hedth differences that are
important from the patient's perspective may not be reflected
in the EQ index [48]. This is in line with the results from a
previous study from this research group that a so concluded the
EQ-5D to be “reasonably valid, reliable and responsive in
patients with inflammatory bowel disease. It can be used to
generate preference-based valuations of health-related quality
of lifein inflammatory bowel disease” [49].

From a practical point of view, the time for completion is less
than 2 min for the EQ-5D [50]. From afinancial point of view,
the EQ-5D could be used free of charge for this study.

Three EQ-5D questionnaires areincluded: the EQ-5D-Y (youth
version), EQ-5D-Y proxyl, and EQ-5D-5L.

1. TheEQ-5D-Y was administered to measure the children’s
QoL. Following the user’s guidelines, the youth version is
used for all patients included in the REDUCE-RISK trial:
“A study only with children up to 18 years, in this case
EQ-5D-Y for older children would be recommended in
order to have only one EQ-5D version in the study. The
switch-over to the adult version could bring discontinuity
as the adult and child versions are two different
instruments.” [51].

2. In the youngest children (<8 years), it is not possible to
apply a self-completing questionnaire. We ask one of the
parentsto fill in the proxy version. The proxy rates how he
or she ratesthe child’s health. “The use of proxies, such as
caregivers or family, should be avoided where possible.
However, the use of proxiesfor the measurement of HRQoL
is unavoidable in some cases, e.g. cognitively impaired
patients, small children.” [46]. By asking this for all
patients, we will be ableto eval uate the agreement between
self- and proxy-reports of the EQ-5D-Y questionnaire.

3. The EQ-5D-5L was used to measure parents QoL. It is
important to find ways of incorporating relatives' costs and
effects when these might be substantial and may influence
the ICERs [52]. Parents’ QoL of children with CD or UC
might be such an example. This has not been included in
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any of theidentified studies, and thus, theimpact isunclear.
Davidson et al [52] stated that the most relevant outcome
measureto usefor relatives' effects would be their affected
utility. Therefore, we also included the measurement of
parents’ QoL through the use of the EQ-5D questionnaire.
There is a choice between the 3L and 5L versions. The
EQ-5D-5L version might be more sensitive to changes in
health status in comparison with the 3L version [53,54].
Schwenkglenks et al [55] expect that the 5L version will
gradually replacethe 3L version, because of reduced ceiling
effects and more appropriate responsiveness. Goldsmith et
al [56] also referred to the increased ability to discriminate
health states, which may improve the prediction of EQ-5D
index values. Therefore, the EQ-5D-5L version was used.

The QoL measurementswere made at baselineand all following
planned study visits (months 2, 4, 6, 9, and 12). More
information about the EQ-5D questionnaires, the included
language version, the available value sets, and asample version
isavailable in section 3.1 of Multimedia Appendix 1.

School Attendance

A review of the economic literature indicatesthat indirect costs
might represent a substantial portion of costsrelated to CD and
UC but that the impact of different treatment options on such
costsislacking. Asthe patient population in the REDUCE-RISK
trial isrestricted to children and adolescents aged 6 to 17 years,
indirect costs do not immediately relate to the patient's
productivity. Instead, wetry to measuretheimpact on apatient’s
school attendance.

Three studies were identified measuring the impact of CD or
UC on school performance [57-59]. One study used a
semistructured questionnaire for both children and parents and
found that significant psychosocial and academic difficulties
are faced by children with chronic diseases such as IBD [57].
Children with CD and UC missed significantly more school
days than age-matched healthy controls [57]. Another study
[58] created an online survey that included a Student Adaptation
to College Questionnaire (SACQ). The results show that
“disease activity in students with CD was associated strongly
with their self-reported ability to keep up with academic work
(P<.0089) and confidence in their ability to meet future
academic challenges (P<.0015). Students with active I1BD
reported feeling as if they were not academically successful
(P<.018), and studentswith ulcerative colitis reported irregular
classattendance (P<.043).” [58]. Thethird study obtained report
cards and school absence information from schools. Children
with IBD had poorer school functioning and significantly more
absences [59]. None of these studies used a structured
guestionnaire that was validated for use in children with CD or
UC. The SACQ questionnaire is a 67-item, self-report
guestionnaire that is for college students and is mainly used at
universities for routine freshman screening. Thisis considered
inappropriate for our research.

An additional nonsystematic Google search was performed to
identify other potentially relevant questionnaires. However,
these questionnaires are very general. For example, the School
Attendance Questionnaire mentions that these questionnaires
are generally designed by school authorities to find out the
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reasonsfor missing school. However, the questions posed clearly
indicate that this questionnaire of school attendanceis not well
placed to apply in a population of sick children (eg, “Are your
parents aware of this attendance percentage?’ or “Areyou aware
that ...can lead to your suspension from school?’). Other
researchers proposed a novel method for measuring class
attendance by using location and Bluetooth data collected from
smartphone sensors[60]. Thisisnot applicable for the youngest
children in our population because they usually do not have a
smartphone.

No well-suited questionnaire was thus identified that can be
used for theinternational REDUCE-RISK trial. Therefore, ade
novo school attendance questionnaire was set up. Limitations
of this questionnaire are that it is nonvalidated and that we
cannot rely on the experience of other researchers with this
guestionnaire. Nevertheless, the choice was made to use this
new instrument because we preferred to take the initiative to
try to measure the impact with anonvalidated instrument instead
of not trying to measure this important aspect. The school
attendance questionnaire consists of aversion that isused at the
first visit and aversion to be used at the follow-up visits.

The parents filled in the questionnaire. First, we asked them to
give a genera picture of a typical school week to be able to
have a view on the number of days the child goes to school in
atypica week (exclusive home education) and the presence of
home schooling (or home education). The aim of the
guestionnaire is to estimate the impact of IBD (CD and UC)
and itstreatment on school attendance and home education. The
guestions are related to the following: the presence and amount
of home education; whether home education isbecause of IBD;
the percentage of school days that children could not attend; in
the case of home education, the percentage of home schooling
days that children could not attend; and for both school days
and home education, the part of absence that is because of IBD
(in the opinion of the parents).

To assist participantswith accurate recall, the |SPOR guidelines
[4] recommend economic investigators to consider using
memory aids such asdiariesto record medical visitsand events.
Investigators should inform participants that they will be asked
to report this information throughout the trial [61]. In line with
thisrecommendation, the last page of the questionnaire, entitled
Information for parents to take home to help in collecting
information for the next follow-up visit, contains an overview
of the questions.
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Further details on the timing of the measurements and asample
version of these questionnaires are available in section 3.2.1 of
Multimedia Appendix 1.

Parents’ Productivity

To improve the quality and uniformity of data generated from
trials, the ISPOR guidelines [4] recommend using validated
instruments when incorporating productivity costs[62-64]. The
Work Productivity and Activity Impairment (WPAI)
guestionnaire[65] isaself-administered questionnaire ng
the impact of a disease on a patient's ability to work and/or
perform nonwork activities. A version exists specifically for
CD (WPAI:CD), and acaregiver version (WPAI:CD-CG) exists
in which the effect of a child's specific health problem on the
parent's work productivity is measured. This WPAI:CD-CG
guestionnaire is included in the REDUCE-RISK trial. The
included questions are related to the following: Q1: current
employment, Q2: hours missed because of problems associated
with the child’s CD, Q3: hours missed for other reasons, Q4:
hours actualy worked, Q5: degree child's CD affected
productivity while working, and Q6: degree child’'s CD affected
regular activities. The questionnaire is available at no charge
in several languages. Details about the scores that will be
cal culated from these questions and the timing of measurements
are available in section 3.2.2 of Multimedia Appendix 1.

Conclusions

This paper addresses an important and progressive issue:
including health economic considerations in the design of
clinical trials. At the end of the trial, when all information on
the intervention’s efficacy and safety has been gathered, the
important incremental variableswill be combined in atrial-based
economic eval uation cal culating the intervention’sincremental
costs, effects, and ICERs, both from a health care payer and
societal perspective. Guidelines for performing economic
evauationswill befollowed. For example, parameter uncertainty
will be included by performing a probabilistic sensitivity
analysis. Following the ISPOR guidelines, reporting of the
methods and results of the economic evaluation will be
performed according to the CHEERS guidelines[11,12].

In conclusion, we are of the opinion that performing asystematic
literature review supports researchers in setting up a research
protocol. In our case, the results of the literature review helped
usto identify important variables for which evidence should be
gathered in the REDUCE-RISK trial to alow the performance
of ahigh-quality economic evaluation.
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Multimedia Appendix 1

Paediatric inflammatory bowel diseases network for safety, efficacy, treatment and quality improvement of care
(PIBD-SETQUALITY): economic evaluation considerations.

[PDE File (Adobe PDF File), 1656 KB - formative v5i1€13888 appl.pdf ]

Multimedia Appendix 2
Included and excluded studies (and reasons for exclusion).
[DOCX File, 35 KB - formative v5i1€13888 app2.docx ]

Multimedia Appendix 3
PRISM A-2009-Checklist (literature review economic part REDUCE-RISK tria).
[DOC File, 194 KB - formative v5i1€13888 app3.doc ]
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Correction of: https://formative.jmir.org/2020/12/e25469/

(JMIR Form Res 2021;5(1):e27357) doi:10.2196/27357

In “Factors Influencing Patients' Initial Decisions Regarding
Telepsychiatry Participation During the COVID-19 Pandemic:
Telephone-Based Survey” (IMIR Formative Research
2020;4(12):e25469) the authors noted one error. Inthe originally
published article, a value was incorrect in the Results section
of the Abstract. The text read as follows:

Approximately half of the respondents (114/244,
46.7%) stated they were likely to continue with
telepsychiatry even after in-person visits were made
available,

This text has been revised to:

Half of the respondents (132/244, 54.1%) stated they
were likely to continue with telepsychiatry even after
in-person visits were made available.

The original Results section in its entierty is as follows:

A total of 244 patients whose original in-person
appointments were scheduled within the first 3 weeks
of the stay-at-home order in Michigan completed the
telephone survey. The majority of the 244 respondents
(n=202, 82.8%) initially chose to receive psychiatric
care through video visits, while 13.5% (n=33) chose
telephone visitsand 1.2% (n=23) decided to postpone
care until in-person visit availability. Patient age
correlated with chosen visit type (P<.001; 95% ClI

0.02-0.06). Patients aged =44 years were more likely
than patients aged 0-44 years to opt for telephone

http://formative.,jmir.org/2021/1/e27357/

visits (relative risk reduction [RRR] 1.2; 95% CI
1.06-1.35). Patient sex (P=.99), race (P=.06), type
of insurance (P=.08), and number of previous visits
to the clinic (P=.63) were not statistically relevant.
Approximately half of the respondents (114/244,
46.7%) stated they were likely to continue with
telepsychiatry even after in-person visits were made
available. Telephone visit users were less likely than
video visit users to anticipate future participation in
telepsychiatry (RRR 1.08; 95% CI 0.97-1.2). Overall,
virtual visits met or exceeded expectations for the
majority of users.

The revised Results section of the abstract in its entirety is as
follows:

A total of 244 patients whose original in-person
appointments were scheduled within the first 3 weeks
of the stay-at-home order in Michigan completed the
telephone survey. The majority of the 244 respondents
(n=202, 82.8%) initially chose to receive psychiatric
care through video visits, while 13.5% (n=33) chose
telephone visitsand 1.2% (n=23) decided to postpone
care until in-person visit availability. Patient age
correlated with chosen visit type (P<.001; 95% ClI
0.02-0.06). Patients aged =44 years were more likely
than patients aged 0-44 years to opt for telephone
visits (relative risk reduction [RRR] 1.2; 95% CI
1.06-1.35). Patient sex (P=.99), race (P=.06), type
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of insurance (P=.08), and number of previous visits
to the clinic (P=.63) were not statistically relevant.
Half of the respondents (132/244, 54.1%) stated they
were likely to continue with telepsychiatry even after
in-person visits were made available. Telephone visit
users were less likely than video visit users to
anticipate future participation in telepsychiatry (RRR
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1.08; 95% Cl 0.97-1.2). Overall, virtual visits met or
exceeded expectations for the majority of users.

The correction will appear in the online version of the paper on
the IMIR Publications website on January 27, 2021, together
with the publication of this correction notice. Because thiswas
made after submission to PubMed, PubMed Central, and other
full-text repositories, the corrected article has also been
resubmitted to those repositories
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