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Abstract
Background: Modern 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: This feasibility study aims to test two different interventions of an experimental protocol for a forthcoming 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) a wearable tracking device on aerobic capacity (VO2max/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
sleep. Participants were allocated to either a physical activity group, which was instructed to use the wrist-worn device to support
exercise, or a sleep silent group, which was instructed to remove or switch off all electronic devices in the bedroom (except the
wrist-worn tracking device). The intervention 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. Participants in 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 pressure from 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) minutes to 27.2 (SD 17.3) minutes (t=–2.94, P=.02).
Conclusions: The two 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 a wearable device is accompanied by noteworthy health benefits. We outline necessary adjustments for a
forthcoming large-scale study.
(JMIR Form Res 2021;5(1):e20410) 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 role in our lives and the
way we work, communicate, interact, search for information,
do chores, and pass time. 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 is made
possible by different sensors and algorithms and is often
accompanied by mobile apps. Modern WTDs have the
opportunity to incorporate principles for behavior change in the
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 VO2max seems to be less studied, although this health
parameter is known to be an important indicator of health-risk
status. Epidemiologic studies have reported that a low VO2max
is a more 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 constitutes another health risk in modern
society. Recent evidence demonstrates the proportion of people
getting less than the recommended hours of sleep is rising [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 multiple negative consequences,
such as cognitive impairment, obesity, hypertension and insulin
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
is worsening the challenge because the screen light significantly
suppresses the secretion of melatonin and consequently disrupts
sleep [13]. Furthermore, the contents received from these
handheld devices may induce arousal and stress reactions,
https://formative.jmir.org/2021/1/e20410
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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 technology use and sleep descriptors [14-16].
According to a study 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 a challenge due to a lack
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
a longer 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 a forthcoming large-scale study. The aim
of the forthcoming study is to investigate the effect of (1) using
a WTD 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
(SJ-743). 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 VO2max [21] were conducted at both test days.
Furthermore, participants answered questions on a tablet
regarding their level of moderate-to-vigorous physical activity
(MVPA) in minutes per week with the Nordic Physical Activity
Questionnaire-short (NPAQ-short) [22], their current level of
sleep problems with the Insomnia Severity Index (ISI) [23], and
JMIR Form Res 2021 | vol. 5 | iss. 1 | e20410 | p.5
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their time offline (TO) before and after sleep. The NPAQ-short
is a 2-item questionnaire to monitor physical activity (time and
intensity) and compliance with the World Health Organization
(WHO) recommendations. The ISI is a 7-item questionnaire
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where participants rate symptoms of their sleep problems using
a Likert-type scale. Each item is rated on a 0 to 4 scale, and the
total score ranges from 0 to 28. A higher score suggests more
severe insomnia.

Figure 1. Experimental setup.

On T1, participants were allocated to either a physical activity
(PA) group or a sleep silent (SS) group by minimization in 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 themselves with a realistic self-chosen
fitness goal for the intervention period based on their resources
and prior training level. The goal could be specific, such as
accomplishing running 5 kilometers without stopping, or more
general, such as meeting WHO’s minimum recommendation
of 150 minutes MVPA weekly [24]. Participants in 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 a wrist-worn
tracking device in the future. The SS group was instructed to
remove or switch off all 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 screens and devices from bedtime
until they get up in the morning.
On T1, all participants were equipped with a WTD (Vivosmart
4, Garmin Ltd), and instructed to download the mobile app
Garmin Connect and set up a user account. One participant
already 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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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, sleep 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 time the participant wore the 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 study.

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 all participants during the entire intervention period.

From T1 to T2, the PA group increased their estimated VO2max
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)
mm Hg at T1 to 121.8 (SD 11.7) mm Hg 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 participants in 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 (ISI value 8.3 [SD 2], n=3) at
T1 and 2 participants (ISI 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

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 (ISI
value 9 [SD 2], n=6) at T1 and 3 participants (ISI value 4.7 [SD
6], n=6) at T2. The SS group prolonged the TO before bedtime
(from 18.1 [SD 19.4] to 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
VO2max, BP, 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
MVPA 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.

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

T1, mean (SD)

T2, mean (SD)

t

P value

BMI

26.73 (4.79)

26.69 (4.77)

0.61

.56

Systolic BP (mm Hg)

126.5 (15.77)

121.8 (11.71)

2.72

.02

Diastolic BP (mm Hg)

84.3 (10.05)

80.37 (8.75)

1.96

.08

VO2maxb/kg

30.38 (8.98)

32.1 (8.71)

–2.31

.046

SR MVPAc (min/week)

310 (216)

375 (172)

–1.50

.18

SR TOd, evening (min)

11.4 (15.55)

15.1 (16.67)

–1.13

.29

SR TO, morning (min)

21.9 (28.5)

22.8 (29.78)

–0.14

.89

a

a

BP: blood pressure.

b

VO2max: maximal oxygen uptake.

c

SR MVPA: self-reported moderate-to-vigorous physical activity.

d

SR TO: self-reported time offline.
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Table 2. Pre-post measurements in the sleep silent group.

a

Characteristic

T1, mean (SD)

T2, mean (SD)

t

P value

BMI

27.35 (5.59)

27.30 (5.6)

0.26

.80

Systolic BPa (mm Hg)

127.15 (16.9)

125.78 (17.78)

0.30

.77

Diastolic BP (mm Hg)

84.67 (10.41)

87.41 (11.58)

–1.16

.28

VO2maxb/kg

30.42 (8.57)

32.18 (9.25)

–1.31

.23

SR MVPAc (min/week)

274 (172)

283 (203)

–0.18

.86

SR TOd, evening (min)

18.1 (19.36)

27.22 (17.34)

–2.94

.02

SR TO, morning (min)

28 (28.08)

32.22 (19.70)

–1.81

.11

BP: blood pressure.

b

VO2max: maximal oxygen uptake.

c

SR MVPA: self-reported moderate-to-vigorous physical activity.

d

SR 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
and it includes an inevitable loss of data points due to necessary
charging of battery one or twice a week.
The majority (60%) of participants in this feasibility study had
a low or somewhat low VO2max at T1 in both groups according
to Astrands classification of aerobic capacity by age and gender
[25]. It has been demonstrated that a low VO2max is associated
with a 2- to 5-fold increase in cardiovascular disease or all-cause
mortality, independent of other cardiovascular disease risk
factors [26]. Importantly, relatively small improvements in
aerobic capacity such as 1 metabolic equivalent (3.5
mL/kg/minute) have been associated with 8% to 35% reductions
in mortality [26]. From this perspective, an average VO2max
increase of 1.71 mL/kg/minute in the PA group could suggest
a noteworthy 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 a meta-analysis
by Lewington et al [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. In light of this, our observed decrease in average systolic
BP of 4.7 mm Hg is also highly relevant. A recent review
evaluated the effect of using WTDs on metabolic outcomes
such as BP, blood glucose level, and cholesterol levels in
patients [5]. Based on the 6 included studies, the authors
conclude that WTDs play a role as a facilitator in motivating
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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 al [7] also found a
significant increase in MVPA, while Lynch et al [6] did not
find this positive effect. A great challenge 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]. Personal preferences and adverse effects related to
self-monitoring may also play a role in the disagreement
between studies. For instance, modern WTDs allow individuals
to gain insight into their own activity level 24 hours a day, and
studies have demonstrated that for some individuals
self-monitoring is valued and can prompt further goal-directed
behavior while for other individuals the inability to meet goals
can trigger negative experiences [3]. Two participants in the
PA group reported skepticism to continue using a WTD due to
a lack 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.
Participants in the SS group prolonged the TO before bedtime,
demonstrating a willingness to incorporate restrictions on
bedtime technology use. Previous studies suggest that bedtime
technology use is 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. The few 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 measures in
a study conducted by Harris el al [29] in Norwegian high school
athletes, while He et al [30] found several improvements in both
sleep measures and working memory in Japanese university
students. Of note, the inclusion criteria differed in the 2 studies:
He et al [30] only included participants with poor sleep and a
JMIR Form Res 2021 | vol. 5 | iss. 1 | e20410 | p.8
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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 al [19], who only included adolescents.
Nevertheless, a study including all age groups can contribute
to cover a gap 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 use is negatively related to objective sleep measures
in adolescents. Although the literature shows that actigraphy
reliably detects sleep-wake patterns in normal individuals [35],
we are 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 a large-scale intervention 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
association between bedtime technology use and sleep 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 change to their
established pattern. An advantage of such broad inclusion
criteria is that 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 weeks is short and should be expanded in order to investigate
long-term effects. Meeting these limitations in a forthcoming
large-scale 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 was feasible to 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-scale study, sample size calculations will be
based on collected estimates of VO2max 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 developed through a stepwise, iterative process can help
patients using oral chemotherapy to take their drug, and to report adherence and side effects in a reliable 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 oral
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.
(JMIR Form Res 2021;5(1):e20636) doi:10.2196/20636
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mhealth; mobile app; smartphone app; oral chemotherapy; patient safety; home-based cancer treatment
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Introduction
Medical 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 a widely 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 oral 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
in the health care system. Patient safety is an 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 a wide dosage range and potential serious side
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 central Norway experienced
hospital admissions due to diarrhea followed by acute renal
failure 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 also
developed a smartphone app to be used for reminding the
patients to take the drug and to report side effects. This idea is
also supported by a recent article describing that educating
patients with timely medical information through their
smartphones improves patient knowledge, treatment adherence,
and clinical outcomes [9].
Approximately two-thirds of all people worldwide own a mobile
phone [10]. This has created an ecosystem for mobile health
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(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 developed 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 adherence in patients with diabetes
[16], but literature of their effects on adherence to oral anticancer
therapies is lacking [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 institutional perspective
(ie, patient safety) as well as from 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
in central 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 oncologists
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 patients in 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)

Intravenous chemotherapy every 3rd week plus capecitabine

3 (33)

Smartphone system, n (%)
IOS (iPhone)

6 (67)

Android (Samsung)

3 (33)

Level of education
College/university

7 (78)

High school

2 (22)

All patients were chemotherapy-naive, had a gastrointestinal
cancer, and were indicated 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 multiprofessional 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
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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 has two main features: (1) supporting adherence to 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 call the nurse at the cancer clinic if needed. The
prototype also provides a summary of all side effects registered
in each capecitabine treatment cycle.
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Figure 1. Features of the app for supporting medication adherence.

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

Measures
Data were collected through semistructured interviews and with
the System Usability Scale (SUS) as well as through two focus
groups [19-21]. The SUS is considered to be an easy, quick,
and reliable test of usability that is technology-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
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interviewed once. The interview 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 place in 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 health personnel perspective. All
interviews were digitally 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:
(1) getting a total 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 Considerations and 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 soundtracks were deleted after transcription.
Data stored on the patients’ smartphones were secured by a pin
code. In this version of the app, the treatment plan was set up
by a nurse on the patient’s personal phone, protected with a pin
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 Perspectives
The patients reported that the app aided them in adhering to the
drug plan through reminders to take the drug and self-reporting
of drug usage and side effects. The app also served as a memory
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 via the app. Patients reported far fewer side effects than
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
believe that the information 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 effects increased their sense of safety:
...so 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
patients were testing. Hence, the use of the app made the 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 I have good control of my [information]
sheets, it [the mobile app] is easier and more
available. I had something to report about side effects,
and they were there when you touched the screen,
and then you get a phone number, and I got in touch
with a nurse immediately… That helps a lot.
According to the nurse informants, 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’s a benefit that you record if the side effects started
on Tuesday or Thursday. It’s a nice aid… Because,
there is a relation 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.

Learning 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 effects to the clinic.
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I have been into this side effect part [of the app]
several times and assessed whether these are
symptoms I have or not. So, I 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 helping them to become more responsible for
their own treatment.

Suggestions for Improvement
The patients wanted to share information about adherence and
side effects with their nurse and doctor:
I don’t know if this [app] will be connected to the
electronic health record at the hospital or something
like that? … Then I think it really can be useful, when
the physicians can follow the adherence as well as
the side effects. I 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 messages if 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. I 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 physicians focused on the risk of information overload and
how to filter what they needed to know and act on versus what
not to engage in, given that the patients with 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.
In its 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 effects that the
clinic should be made aware of. However, patients were
reluctant to use this function.
I had skin symptoms, then I saved and kept going to
the next one, but then I got the message that said I
should call my nurse, and... God, maybe I 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
In this feasibility 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
effects and 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 a more 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. This might 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, all 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
reports in a population health manner [26,27]. The ability of an
app to provide reassurance to patients that suffer from a chronic,
potentially 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 effects is a key 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 effects and the following of rapid advice directly
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 a fear 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
needs to avoid information overload. With these aspects in mind,
the new design of the side effect component of the app should
allow the patients to register nuanced grading of side effects in
which only specified severe side effects triggers an alert to the
cancer clinic. Further work also includes a design change toward
the clinicians’ need to find all patient data as a part of the
electronic health record.

Strengths and Limitations
Despite consistent findings in the patient interviews in this study,
the small number of patients is a limitation to be overcome with
future research. Another weakness is that the physicians, with
a few 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 a busy 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
apps that are oriented toward achieving wellness, as this is about
illness and all potential dangers associated with having cancer
and being exposed to risky therapies [35]. To our knowledge,
this is the first study that indicates an app’s impact on the feeling
of reassurance while using potentially toxic cancer medication.
These results also provide a more complete picture of the
adherence and side effects than we recently obtained with phone
calls to the patients on specific days during the treatment
schedule.

Conclusion
The growing number of new oral 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 enable patients and health care professionals to use and manage a common 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 is to summarize lessons learned from primary care professionals involved in a pioneering
pilot project in Switzerland for the systemwide implementation of shared electronic 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 electronic medication plan on a secure web platform, the precursor of
Switzerland’s electronic 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 clinical practice.
Requirements for the successful implementation of a shared electronic medication plan were the integration 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, especially 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 plans in primary care. The shared ownership among multiple stakeholders is 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

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

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 1 | e22319 | p.22
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Bugnon et al

entire care pathway. Implementers 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.
(JMIR Form Res 2021;5(1):e22319) doi:10.2196/22319
KEYWORDS
shared electronic medication plan; medication list; medication reconciliation; electronic health records; primary care; national
eHealth 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,
a more responsible use of medicines could save up to US $42
billion annually worldwide by reducing medication-related harm
[4,5].
Medication errors occur in all 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 a few
pilot projects and has yet to be implemented across the whole
country [11].

decisions related 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])
contrasts with that of other systems that 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. The latter 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 use in 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
accessible information technology and clinical support [31,32].
The need to 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 a system cannot be derived from these often
heterogeneous and highly contextual studies.

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].

However, these studies have illustrated the sociotechnical nature
and complexity of implementing a digital shared medication
plan. Systemwide HIT 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 opportunities in these complex situations [39-41]. Such
research aims to interpret and understand the potential effects
of an HIT implementation project rather than predict them.
Insights into the key mechanisms affecting the success or failure
of complex programs of change, such as the implementation of
shared electronic medication plans, can support stakeholders as
they seek to build on local experiences.

Several countries have launched HIT systems for shared
electronic medication plans, which allow multiple health care
professionals to 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

With this in mind, we designed a formative action research
study of a pioneering 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 describe related mechanisms in 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 a model to guide an iterative
inductive thematic analysis.
PAR is a collective, 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 a focus 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 al
[44], using the steps of systematizing experience, collectively
analyzing and problematizing, reflecting on and choosing an
action, taking and evaluating 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 learned that were
documented by researchers were 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 clusters from 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 professionals were free to 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 communicated to patients directly, while the
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.
The digital solution chosen for the shared medication plans was
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 as an 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 national e-medication
interoperability standard based on IHE pharmacy HL7 CDA
was under development (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 data manually in addition to filling out the usual
paper documentation because their clinical software applications
were not yet integrated.
The solution is a module of the web platform developed for the
cantons of Geneva and Vaud in anticipation of Switzerland’s
electronic patient record (EPR) system, a national digital
inventory of all the relevant health data concerning the country’s
patients [22]. The EPR is based on decentralized information
exchange infrastructure. Several regional 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 professionals 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. Swiss national policy acknowledges
the importance of e-medication [50,51], but an overall strategy
has not yet been defined.
Switzerland’s political culture is 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 electronic 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 innovations in 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 change itself. By definition, a CAS
is unpredictable, but some simple rules (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 a model (Figure 2) of how different elements of the
implementation of the shared electronic medication plan might
be linked to expected results.
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 also combined the shared medication plan use with
other clinical interventions, such as medication 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 as a main 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 al’s [62]
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definition. It is also essential to consider the intervening
variables, as they are interrelated 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 space in 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 electronic medication plans on the eHealth
platform in the region. Our study sought to leverage health care
professionals’ experiences to assess contextual influences from
a systemic perspective. For this reason, the model specifies both
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 al [63]. Those authors described
how the successful adoption and benefits of HIT depend on its
quality. The overall 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 its usage, and the quality
of the shared content as distinct dimensions. Finally, the model
describes the shared electronic 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
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of a shared 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.

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
responsible for 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’s legal, 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) synthesis and 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 associated with the implementation
of patients’ shared medication plans. Participants were first
encouraged to share and reflect on their experiences of initiating
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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 the role 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 stakeholders involved
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 stakeholders in the regional pilot project.
This gave time for discussions and dialogue on setting prioritized
next steps. We also attempted to enhance the reliability of our
research by having data analyzed by the 2 main researchers and
then by a researcher outside the pilot project [65].
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Figure 3. Data collection and analysis. GP: general practitioner.

Results
Participants
Among the 36 GPs and 36 pharmacies who were enrolled in
the pilot project, 31 volunteered for this action research study.
A total of 5 clusters were identified, including 13 care

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 a total
of 18 participants (Table 1). We conducted 15 group interviews
that lasted 60 to 105 minutes.

Table 1. Characteristics of the 5 clusters.

a

Cluster

Cluster location

Participants

1

Town (semidense)

GPa, 2 pharmacists from different pharmacies, a medical secretary specialized in care coordination, and
a home 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 care in a city

5

City

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

GP: general practitioner.

Lessons Learned
An overview of the lessons learned is presented in Textbox 1.
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Textbox 1. Lessons learned.
Lessons learned, to be used in the strategy for the systemwide implementation of shared electronic medication plans improving 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.

2.

A medication plan, whether digital or not, is a matter of good clinical practice.

3.

Designating reference professionals ensures the exhaustivity and continuity of the medication information communicated.

4.

Regular high-quality interactions between patients and professionals strengthen the continuity of medication plan management.

5.

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

6.

The availability 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 is triggered by a culture of patient safety and data privacy.

8.

Fostering trusting relationships at all levels is essential.

9.

Legal, financial, and governance framework conditions influence the uptake and impact of shared electronic medication plans.

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

Lesson No. 1: Information Sharing During Clinical
Routines Must Be Simplified and Secured by Integrating
Shared Electronic Medication Plans Into Existing
Processes and 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-related decisions in 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
automatization 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:
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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, Is a 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
a less 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 a holistic view of all the medications
a patient is taking and communication of the current medication
plan to other health care professionals involved were both not
uncommon.
Notwithstanding that health care professionals are legally
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
entire list 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 responsibilities,
regardless of the implementation of any new HIT systems.
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Lesson No. 3: Designating Reference Professionals
Ensures the Exhaustivity and Continuity of the
Medication Information Communicated

the adoption capacity of providers depends on the availability
of competent staff, flexibility, adequate facilities, and an
effective organizational model:

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 professional reference points and committed to
sharing all their medication-related information with them. This
was a major change from the usual practice in Swiss health care:

With the pharmacy team, we have participated in
several pilot projects on new services.…We 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
5]
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 as the medical secretary specialized in care
coordination, the independent nurses in GP practices, or the
clinical pharmacist for pharmaceutical care, was still at the early
stage of development in the region and that the financing model
was not yet well established.

When she enrolled, one of our patients informed us
that she received a neuroleptic drug from a specialist
by post. None of us knew! She is a typical
polypharmacy patient who regularly comes to us for
her medicines.…We did not expect that from her at
all. [Pharmacist, cluster 3]
Formalizing these associations led to more accurate medication
lists through improved relational continuity and clear channels
of communication with other health 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 Interactions
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! From there,
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, the identification of side
effects, and the evaluation of adherence or support for
administration. These interventions could also serve as important
checkpoints for the accuracy of the medication plan.
Furthermore, participants suggested that associating the
implementation of shared electronic medication plans with these
other important activities could accelerate their adoption.

Lesson No. 5: Implementing a New Tool, Ensuring Good
Clinical Practice, and Increasing Interactions 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 has the potential to increase efficiency,
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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 speculated about explanations for this apparent
lack of interest:
Some young and some elderly [declined access to 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
I stated that it would be good for them. [GP, cluster
2]
Patients seemed to have a limited 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 electronic medication
plan and how it functioned remained obscure to them:
When we came to this patient, with all these forms,
to ask him if 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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e22319 | p.29
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pharmacy. He had not been aware of the regulatory 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:
It’s a question of balancing benefits and risks.
Chronic patients with polypharmacy are more likely
to benefit and realize its importance. [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 records is 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 a dialogue on
privacy and patient safety.

Lesson No. 8: Fostering Trusting Relationships at All
Levels Is Essential
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 on trust.
[Pharmacist, cluster 1]
Trust between patients and professionals is required for
medication plans to have any value; trust between professionals
fosters information exchange; and trust between HIT providers,
health care professionals, and the state facilitates
implementation. Trust in the 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 we regularly interact, it is always
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 Influence the Uptake and Impact
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 electronic medication
plan system, its legal status, and different users’ legal
responsibilities in 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 always wonder if it is complete
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]
In the pilot project launching phase in particular, concerns were
raised that a lack of professional adherence would impede
scale-up:
I need to be sure the plan is complete and updated.…If
not, I won’t use it. 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
financial incentives for both patients and health care
professionals 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 the liberal approach to organizing Switzerland’s health
care to be a major 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 financial 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 takes time! 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 the inconsistency in health care professionals’
payments is the support for medication management:
Patients we have known for a long time…suddenly
disappear because the GP calls for 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 errors than in
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 financial reality is
that:
For homecare services, it’s the way they are financed
for entering the home to better assess and follow-up
a situation that is getting more complicated.…The
psychosocial support is not really reimbursed.…”
[Nurse, 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 electronic medication plan. Switzerland’s general
governance and financing systems for 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 Is a Necessary Building Block of Communication
About Medication, Especially at Transitions, but It Is
Not a Sufficient One
While participants appreciated the shared electronic 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 factors to adapt care, starting
from the patients’pathways and their specific medical
conditions. [GP, cluster 2]
For example, participants mentioned that few hospital units had
properly implemented MedRec and that the introduction of
shared electronic medication plans alone would not directly
change that.
Participants lamented the lack of standardized communication,
especially 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 organizations work 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 is taking. 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
this in 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 a lack of
cooperation among HIT, clinical, and policy stakeholders and
from weak enabling framework conditions, especially 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 is a sine qua non 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 a complex process. Stakeholders
face a dilemma. On the one hand, better clinical practice requires
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 electronic medication plan was initiated and updated
across the 5 clusters of health care professionals. In the 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 was that 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 responsibilities are called for, both in 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 a rigid 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 adaptations to 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 responsibilities.
The pilot 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
is insightful. Despite a clear 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’ perspectives in our ensuing work. Today,
any service improvements or innovation should acknowledge
the coproduction of value by patients and health care
professionals 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
changes relies on the power of an attractor [79], a vision 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 a shared electronic medication plan comanaged
by patients and health care professionals as a shared vision is
even more important in settings where stakeholder 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].

Strengths and Limitations of Our Participatory Action
Research Study
Mobilizing stakeholders through formative action research is a
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 a new 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]. Health care professionals want to be
considered long-term partners in 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], especially when it was a
core focus of the implementation strategy [29,34]. Our study
participants rarely have opportunities for 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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e22319 | p.32
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
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 investigate issues related to care transitions from the
primary care perspective. Second, we report experiences from
a relatively 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,
whereas earlier studies were 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 help guide stakeholders
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
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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 along 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 use in practice while maintaining predefined
basic principles agreed among stakeholders. Last but not least,
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 experiences in different countries
in order to determine how system characteristics, stakeholder
cooperation, health care policy, patients’ and professionals’
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 also raises important
questions. Finally, we suggest that formative participatory action
research, including qualitative and quantitative methodologies,
should play a key facilitating role in achieving a safe and
meaningful use of shared electronic medication plans to 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 tools rely on
episodic memory, which can be unreliable and do not allow 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 a tool 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 a systematic review of the literature according to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines. The PubMed, PsycInfo, 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
questionnaires. 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-Åsberg 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.
(JMIR Form Res 2021;5(1):e13770) doi:10.2196/13770
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mobile apps; mental health; bipolar disorder; smartphone; cell phone
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Introduction

health care provider to respond in a timely fashion if the patient
deteriorates between scheduled appointments.

Bipolar disorder is a chronic, progressive illness characterized
by recurrent episodes of mania and depression. The international
12-month prevalence of bipolar I disorder is 0.0% to 0.6%, and
the international 12-month prevalence of bipolar II 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 a high 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.

The administration of self-report scales using mobile apps has
the potential to circumvent some of these issues. Automatic
transmission of data using a mobile device could allow 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 uses in research settings. Frequent administration
of scales may allow researchers to better characterize the course
of illness over time and to identify warning signs that mark
early deterioration.

No biomarker has been approved for the diagnosis or assessment
of bipolar disorder, so medical practitioners must 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 has the potential to facilitate symptom
monitoring, including changes over time.

Given the variability in the course of symptoms in bipolar
disorder, the use of mobile apps in 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 majority of which were symptom-monitoring apps
(1911/2173, 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 systems for bipolar disorder showed acceptable
usefulness, 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 via a pen-and-paper
version.

Self-report scales, such as the Mood Disorder Questionnaire
(MDQ) and the Altman Self-Rating Mania Scale (ASRM), have
previously been developed 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 scales have been administered via pen
and paper; however, some limitations exist with this form of
data collection. When administered in the context of visits with
a health care provider, these tools rely on retrospective reporting
of symptoms, which can be unreliable and do not allow the
clinician to monitor symptoms associated with brief mood
episodes or the course of symptoms over shorter periods of time
[12-14]. In a study asking participants to complete paper diaries
on a daily basis, participants were found to record entries outside
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 limits the ability of the
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The validity of a scale is defined as “the extent to which an
instrument indeed measures the latent dimension or construct
it was developed 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 a future question) and concurrent validity (the strength
of the relationship between the new measure and a gold 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. We identified studies in 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.

Chan et al
not include self-report symptom monitoring as a component;
and (4) the study did not present data from an applied
intervention (such as a protocol paper, review paper, or response
or correction to another paper).

Methods

The full text of the remaining studies were 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 via self-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.

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, PsycInfo, Web of Science,
Ovid MEDLINE, and EMBASE databases. One researcher (YS)
searched these databases using the following keywords: “mental
disorders,” “psychiatry,” or “mental health” AND “mobile
application,” “cell phone,” or “smartphone,” excluding the term
“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.

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

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
a third 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.
Titles and abstracts of records were 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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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
inclusion in this review; study characteristics are listed in 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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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Table 1. Characteristics of included studies.
Reference

Location

Participants, n

Mobile app–based intervention

Comparison (if applicable)

Busk et al
(2020) [25]

Copenhagen,
Denmark

84

Monsenso system: self-monitoring of
10 symptoms completed daily.

YMRSa and HDRSb at baseline and 9 months
after 4 weeks, 3 months, 6 months,
and 9 months.

Carr et al
(2018) [26]

Oxford, United
Kingdom

43 (bipolar disorder);

Mood Zoom smartphone app: 6-item
assessment of mood and related items
administered 10 times daily.

N/Ac

26 (borderline personality disorder);

Duration

3 months

44 (healthy controls)
Depp et al
(2012) [27]

San Diego, CA

Depp et al
(2015) [28]

San Diego, CA

18 (intervention)
22 (comparison)

9-point bipolar anchored scale complet- Daily paper-and-pencil mood charts. 12 weeks
ed twice per day. Could not be completMADRSd and YMRS completed at
ed after 2 hours.
baseline and 6 weeks and 12 weeks
after baseline.

51 (intervention),
(41 analyzed);

PRISM: 10 questions followed by rat- Daily pencil-and-paper mood charts. 10 weeks
ing of current mood state on a 9-point
bipolar anchored scale completed twice
53 (comparison), (41 per day.
analyzed)

Faurholt-Jepsen Copenhangen,
et al (2015) [29] Denmark

30

MONARCA: self-monitoring of 11
Monthly clinical assessment via
6 months
symptoms completed daily. Allowed
HDRS-17 and YMRS.
for retrospective data entry up to 2 days
Scores compared to those obtained
later.
via app from day of assessment and
3 previous days.

Faurholt-Jepsen Copenhagen,
et al (2015) [30] Denmark

39 (intervention);
39 (comparison)

MONARCA: self-monitoring of 11
Participants provided with a smart- 6 months
symptoms completed daily. Allowed
phone without the MONARCA
for retrospective data entry up to 2 days system.
later.

Faurholt-Jepsen Copenhagen,
et al (2019) [31] Denmark

84 patients (participants in MONARCA II trial)

Monsenso app for daily self-monitoring HDRS, YMRS, FASTe, PSSf, and 9 months
of mood, mixed mood, and irritability
WHOQoLg carried out at 4 weeks,
level.
3 months, 6 months, and 9 months.

Faurholt-Jepsen Copenhagen,
et al (2019) [32] Denmark

84 patients with
Monsenso app for daily self-monitoring No comparison used for outcomes
bipolar disorder
of mood and related symptoms.
of interest.
(participants in
MONARCA II trial)

9 months

Hidalgo-Mazzei Barcelona,
et al (2016) [33] Spain

51

N/A

3 months

N/A

6 months

N/A

14 days

SIMPLe app: short 5-item screening
tests completed daily.
Weekly yes/no questions for DSM-5h
criteria of manic and depressive
episodes.

Hidalgo-Mazzei Barcelona,
et al (2018) [34] Spain

201

SIMPLe 1.5 (improved version of
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 medication reminders, personalized prodromal
symptoms, gamification module, mood
chart sharing, and psychoeducational
messages.

Li et al (2019)
[35]

Hershey, PA

10 (bipolar disorder);

Twice-daily mood and stress self-report, once daily sleep measures.

10 (healthy controls)
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Reference

Location

Participants, n

Mobile app–based intervention

Comparison (if applicable)

Saunders et al
(2017) [36]

Oxford, United
Kingdom

21

Mood Zoom app: daily mood monitor- N/A
ing.

Duration
12 weeks

True Colours system: weekly mood
measures.
Schwartz et al
(2016) [37]

a

Pennsylvania

10 (bipolar I or II);

4 items on visual analog scale and 1
item on Likert scale completed twice
10 (healthy controls) per day.

N/A

2 weeks

YMRS: Young Mania Rating Scale.

b

HDRS: Hamilton Depression Rating Scale.

c

N/A: not applicable.

d

MADRS: Montgomery-Åsberg Depression Rating Scale.

e

FAST: Functional Assessment Short Test.

f

PSS: Perceived Stress Scale.

g

WHOQoL: World Health Organization Quality of Life (abbreviated).

h

DSM-5: Diagnostic and Statistical Manual of Mental Disorders, fifth edition.

https://formative.jmir.org/2021/1/e13770

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 1 | e13770 | p.44
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Chan et al

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 al
(2020) [25]

Average self-assessment adherence: 82.8%

Mood scores:

Carr et al
(2018) [26]

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

•

HDRSa: r=–0.40; P<.001;

•

YMRSb: r=0.22; P<.001

Variability of negative mood:

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

•

BDc median: –0.99 (IQR 0.85);

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

•
•
•

BPDd median: 1.71 (IQR 1.11);
Healthy control median: 0.35 (IQR 0.47)

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

•

BD vs BPD (FDRe): 1.57 × 10–3;
BD vs HC (FDR): 2.31 × 10–2

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)

•

BP vs HC (FDR): 6.13 × 10–1 (nonsignificant)

BP vs BPD (FDR): 1.21 × 10–3;

Variability of irritability:

Depp et al
(2012) [27]

Intervention: 42.1%;

•
•
•
•

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

•

BP vs HC (FDR): 2.39 × 10–2

BP vs BPD (FDR): 1.87 × 10–3;

Mood ratings:

Comparison: 82.9%;

Intervention:

t35=5.8; P<.001

•
•

MADRSf: r=–0.567; P=.01
YMRS: r=0.294; P=.24

Comparison:
•
•
Depp et al
(2015) [28]

Intervention: 65%;

r=–0.243; P=.35
r=0.452; P=.07

—g

Comparison: 83%

Faurholt-Jepsen —
et al (2015) [29]

Mood:
•
•

HDRS-17: β=–0.058; P<.001
YMRS: β=0.039; P<.001

Sleep:
•
•

HDRS-17: β=0.02; P=.21
YMRS: β=–0.047; P=.03

Activity:
•
•

HDRS-17: β=–0.042; P<.001
YMRS: β=0.048; P<.001

Stress:
•
•
Faurholt-Jepsen Intervention: 93.03% (7.15% done retrospectively)
et al (2015) [30]
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HDRS-17: β=0.046; P<.001
YMRS: β=0.012; P=.35
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Reference

Completion rates

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

Chan et al
Correlation between data obtained via mobile app and comparator
Mood ratings:
•
•

HDRS: β=–0.033; P<.001
YMRS: β=0.044; P<.001

Self-reported mixed symptoms:
•
•

Clinically rated mixed symptoms: β=3.40; P=.02

•

WHOQoLi: β=–7.80; P=.15

•

FASTj: β=–2.02; P=.72

PSSh: β=14.08; P<.001

Irritability:
•
•
•
•
Faurholt-Jepsen Reported in previous study [29]
et al (2019) [32]

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

Hidalgo-Mazzei 88% completion rate;
et al (2016) [33] 74% of users actively using app after 3 months

YMRS: β=0.023; P<.001
PSS: β=11.32; P<.001
WHOQoL: β=–11.59; P<.001
FAST: β=–9.90; P<.001

FAST: β=–12.04; P<.001
PSS: β=10.52; P<.001
WHOQoL: β=–12.17; P<.001

—

Hidalgo-Mazzei 70/201 (35%) users dropped out during the first month; —
et al (2018) [34] 30% of participants using the app regularly after 6
months
Li et al (2019)
[35]

70% completion rate in bipolar patients and healthy
controls

Variability of symptoms:
Mood:
•

Bipolar ICCk: 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:
•
Saunders et al
(2017) [36]

Daily questionnaire: median 86.67%;

RenderX

—

Weekly questionnaire: median 100%
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Reference

Completion rates

Correlation between data obtained via mobile app and comparator

Schwartz et al
(2016) [37]

Bipolar: 95%;

14-day mean of mood:

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:
•

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:
•
a

Bipolar median: 76; control median: 28.5; P=.005

HDRS: Hamilton Depression Rating Scale.

b

YMRS: Young Mania Rating Scale.

c

BD: bipolar disorder.

d

BPD: borderline personality disorder.

e

FDR: false discovery rate.

f

MADRS: Montgomery-Åsberg Depression Rating Scale.

g

Not available.

h

PSS: Perceived Stress Scale.

i

WHOQoL: World Health Organization Quality of Life (abbreviated).

j

FAST: Functional Assessment Short Test.

k

ICC: intraclass correlation coefficient.

Data on Validity
A total 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-Åsberg 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 statistically significant relationship between self-reported
mixed symptoms and clinically rated mixed symptoms, as well
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 as well
[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 differences in the variability of symptoms
(mood, irritability, energy, speed of thoughts, impulsivity, or
https://formative.jmir.org/2021/1/e13770

XSL• FO
RenderX

sleep) between patients with bipolar disorder and healthy
controls [26,35]. These studies found statistically significant
differences in 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 statistically significant difference between the 2
groups for all 3 variables studied [26]. One study examined the
difference in the 14-day mean of participants’ mood and energy,
as well as the 14-day range of mood, thoughts, and impulsivity
between patients with bipolar disorder and healthy controls [37].
Statistically significant differences were observed between the
2 groups for all 5 of these variables [37].
Additionally, 2 studies examined the convergent validity of
self-report symptom assessments administered via a mobile app
with instruments assessing related factors: the Functional
Assessment Short Test (FAST), the Cohen Perceived Stress
Scale (PSS), and the abbreviated World Health Organization
Quality of Life scale (WHOQoL-BREF) [31,32]. A statistically
significant relationship was observed between self-reported
mixed symptoms and 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 all 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 [27,28].
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 was time limited [27,28]. These differences may have
contributed substantially to the differences in completion rates
between conditions.

Discussion
Principal Findings
The overall results of this review 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 patients with bipolar disorder and patients
with borderline personality disorder or healthy controls. In terms
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 YMRS.
Of note, the study in which no statistically significant correlation
was found compared YMRS scores to data collected over the
entire study duration and to those collected during the first 6
weeks of the study [27]. As the YMRS 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 statistically significant correlation with either
the MADRS or YMRS [27]. This suggests that app-based
self-report scales may more accurately collect data on 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 studies identified [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 episodes in
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 statistically significant
differences between patients diagnosed with bipolar disorder
and healthy controls. While differences in 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 also 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 us to 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. As the 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 adherence to the protocol were observed in most
studies in which assessments were administered twice daily
compared with studies in 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
is unclear. 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 rates were observed used a version 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 as a result [34].

Limitations
In this review, only English studies from peer-reviewed journals
were considered. As very 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 papers identified, for which it is not possible to exclude
unpublished data, it is also possible that publication bias may
have resulted in missed negative findings. While 13 papers were
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]. This may contribute to bias; however, it is reassuring
that the reported findings appear to be fairly consistent across
the different groups included. As noted above, no study reported
on the ability of mobile app–based self-report tools to detect
acute mood episodes. As such, it is unclear whether these tools
are suitable for this purpose.

Future Research

Chan et al
detect acute mood states, will better inform us about the potential
utility of these tools in clinical settings. Future research into the
course of symptoms measured using these tools may also
provide insights into the differences between patients with
bipolar disorder and healthy controls. Furthermore, the use of
repeated self-report questionnaires combined with physiological
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
are valid in the assessment of symptoms of mania and depression
in euthymic patients with bipolar disorder. These findings also
suggest that data on the range and variability of symptoms
collected using a mobile 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 data indicate that patients with bipolar disorder show
good adherence to self-report assessments administered daily
for the duration of the study periods evaluated.

Further studies on the validity of mobile app–based assessment
tools, especially studies evaluating the ability of these tools to
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Abstract
Background: COVID-19 is an international health crisis of particular concern in the United States, which saw surges of infections
with the lifting of lockdowns and relaxed social 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: The aim of this study is to determine the attitudes of young adults regarding COVID-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
willingness to 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
willingness to 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 majority 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 a return 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.
(JMIR Form Res 2021;5(1):e23000) doi:10.2196/23000
KEYWORDS
attitude; perception; young adult; COVID-19; digital surveillance; population health technologies; surveillance; population;
survey; adolescent

Introduction
The COVID-19 pandemic reached a disturbing milestone in the
United States on November 21, 2020, as the number of
confirmed cases surpassed 12 million, with the virus now
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spreading more rapidly and more broadly than ever before [1].
Since the summer of 2020, when states reopened businesses
and public spaces, there has been a resurgence of cases as
lockdowns were lifted and community spread intensified.
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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 social gatherings resumed and colleges and
universities returned 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
this mindset. 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 a driving 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
transmissions from presymptomatic or asymptomatic individuals
[13]. These researchers proposed that an app providing instant
digital contact tracing is needed for epidemic control. Beyond
this kind 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 populations with digital public
health tools has the 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
believe them to be necessary or beneficial. 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.
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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 questions were
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
generalizable to 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 a review of the limited COVID-19–related published
literature available at that time [15,16]. In addition, 2 experts
in the design and development of survey instruments for research
reviewed the survey and provided additional comments and 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 questions were
asked and all survey responses were deidentified. Unanswered
questions 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 COVID-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
supplemental file (Multimedia Appendix 1).

Study Population (Inclusion and Exclusion Criteria)
The inclusion criteria for the study population were participants
aged 18-24 years, of all 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 panelists share
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 is on
par with national benchmarks [18].
SurveyMonkey reaches panelists through technological means
such as computer or mobile devices and offers a charitable
incentive model. Panelists take surveys for charity and a chance
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
questionnaire to the Western Institutional Review Board. They
determined the study was exempt under 45 CFR § 46.104(d)(2)
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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
question 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)

Age range, 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 (1.4)

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
pandemic is a public health crisis that poses significant risk to
the health and safety of the US population (Table 2). However,
only 56.9% (n=292) agreed that digital monitoring would be
effective in helping to stop COVID-19 transmission. Even fewer
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young adults (n=236; 46.0%) agreed that digital monitoring
would be necessary for a return to normal. Over half of young
adult participants expressed privacy concerns about personal
information being used in digital surveillance systems for
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 (%)

Believes the COVID-19 pandemic is a 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
willingness to participate in the two types of potential
COVID-19 tracking. Nearly half (n=231; 45.1%) stated their
willingness for active monitoring (eg, they would manually
input data via their phone/tablet), while only 33.3% (n=171)
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stated a willingness for passive monitoring (eg, monitoring of
location and contacts by cell phone; Table 3). Approximately
25% of responses to each question were neutral. Young adults
also appeared more willing to share personal health information
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 share results of any COVID-19 virus or 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 I 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 as who I was with, 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
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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 respondents trusted
least with their information was private companies.
Respondents were asked whether they would agree to participate
in monitoring prior to engaging in select activities to help control
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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 al
There was a stepwise relationship between disbelief that
COVID-19 is a public health 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-19 is a public health crisis were unwilling to be tracked,
whereas 53.3% (16/30) of respondents who strongly disagreed
that COVID-19 is a public health crisis were unwilling to be
tracked.

Table 4. Responses of young adults in the United States (N=513) to a question regarding their willingness to share personal health data with 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

321 (62.6)

Local, county, or state health department

199 (38.8)

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

189 (36.8)

Your school

174 (33.9)

Your employer

156 (30.4)

Companies such as Google, Microsoft, Apple, and Facebook

78 (15.2)

None of these

76 (14.8)

Table 5. Responses of young adults in 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

222 (43.3)

Visit elderly or sick family members in a nursing home or hospital

189 (36.8)

Return to in-person attendance at school or work

183 (35.7)

Attend large social gatherings (eg, wedding, graduation, birthday party)

182 (35.5)

Shop at an indoor mall

176 (34.3)

Travel by public transportation (eg, bus, train, subway)

173 (33.7)

Dine indoors at a restaurant

166 (32.4)

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

164 (32.0)

Be in public without a mask or face covering

158 (30.8)

Participate in organized team sporting events

150 (29.2)

Return to indoor places of worship

149 (29.0)

Gather with family and friends that do not live with you

142 (27.7)

None of these

118 (23.0)
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Table 6. Characteristics of young adults in 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 (2.4)

N/Aa

Midwest

77 (19.8)

23 (18.4)

N/A

Northeast

96 (24.7)

28 (22.4)

N/A

Pacific

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 (0.1)

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 (%)
American Indian/Alaska Native

3 (0.1)

3 (2.4)

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/Islander

5 (1.2)

5 (4)

N/A

White

164 (42.3)

64 (51.2)

N/A

140 (36.1)

52 (41.6)

.32

Close friend or family member with COVID-19, n (%)
a

.002

N/A: not applicable.

Figure 1. Relationship between belief in COVID-19 as a significant public health crisis and willingness to be digitally monitored from survey of young
adults in the United States (N=513).
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Discussion
Although population health technologies such as digital contact
tracing and symptom surveillance have the potential to be
instrumental in controlling the spread of COVID-19, the young
adults in 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.
This is in stark contrast to public health recommendations to
rely on surveillance systems to safely participate in daily
activities such as work 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 COVID-19 pandemic and suppress future
resurgences [20]. The authors assert that widespread serologic
and diagnostic testing capabilities, routine data sharing,
syndromic surveillance, and the use of digital tools and resources
(particularly digital apps already 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
as well as underestimation of the risk involved in 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 a need for education
directed at this demographic on the usefulness of these precision
public health tools for infection control.
We also sought to understand if there were differences between
those who might endorse active digital surveillance (eg,
inputting daily symptoms in a digital app) versus passive digital
surveillance (eg, location tracking using mobile phone
information). Respondents showed a clear preference for active
monitoring, with almost 12% more respondents agreeing to
active monitoring than passive monitoring. This was 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 barriers to adoption of digital surveillance tools to control
COVID-19 [24]. Young Americans in particular have been
shown to have lower levels of trust compared to older
http://formative.jmir.org/2021/1/e23000/
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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 potential misuse of their personal data.
Respondents frequently cited potential abuse of information as
a major concern created by COVID-19 digital monitoring,
including such open-ended remarks as “I do not trust anyone
in power with this information” and “I 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 was that respondents felt
more comfortable sharing medical data such as symptoms and
COVID-19 test results rather than information such as location
or personal 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 share their
information with such entities. Pandemic surveillance programs
developed by these private companies may be severely hindered
by this distrust, regardless of their functionality. This is similar
to research that suggests that 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
use digital 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 activities while also granting some control over
COVID-19 spread. However, our research indicated that even
for social activities that may involve the risk of possible
infection, young adults were not supportive of surveillance
measures that could keep them or others safe. There was a lack
of consensus regarding the types of activities for which it would
be acceptable for young adults to be monitored prior to
participating. Agreement to participate in digital monitoring
was fairly low for all 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 respondents were
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 willingness to 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
socialization with peers despite social distancing guidelines,
and a willingness to neglect public health safety measures such
as mask wearing and handwashing when compared to older
adults [30].
It is for this very reason (the underestimation of health risk) that
the use of digital public health tools for COVID-19 is needed.
The utility of population health technologies for disease
surveillance has been shown in the past in studies of the
transmission of influenza-like illness [31]. Radin et al [31] found
that wearable device data significantly improved predictions of
influenza-like illness transmission and concluded that such data
collection systems could be crucial 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 customizations will have to be made to 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 attitudes toward surveillance
efforts. Further research is needed on how young adults perceive

Maytin et al
their behavior and risks of COVID-19 to inform the future use
of digital health technologies to monitor and control this disease
in this population. For young adults, it may be that more
education about the benefits of such precision public health
efforts and the involvement of their trusted health care providers
would be a path worth exploring to achieve digital surveillance
goals.
One limitation of this study is that the sample population is not
a random sample of the United States. The survey was conducted
using the SurveyMonkey platform, where all 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. This is 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
a major 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.
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Abstract
Background: Telemedicine innovations are rarely adopted into routine health care, the reasons for which are not well understood.
Teleguidance, a promising 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 teleguidance.
Theoretical constructs from the technology acceptance model (TAM) guided the thematic analysis. Our findings became input
to a 16-item questionnaire, investigating surgeons’ beliefs about teleguidance’s contribution to performance and factors that 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 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 have been calculated
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 novices and experts in ERCP procedures had concerns that teleguidance 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

a deeper understanding of practitioners’ attitudes toward
teleguidance.

Background

In the following sections, the clinical procedure and the
telemedicine innovation are described. These sections also
provide a general background to studying attitudes toward new
technologies and a description of our methodological approach.

Rapid development of surgical techniques and medical
technology creates a continual need for retraining among
surgeons [1,2]. Remote surgical guidance through 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 clinical methods among
experienced practitioners [5-9]. However, telemedicine
innovations rarely 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), which is a highly
specialized procedure for the diagnosis and treatment of biliary
and pancreatic disease. A feasibility study demonstrated the
impact on the clinical 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 a theory-driven, user-centered study to gain
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Teleguidance in ERCP
ERCP is a technically advanced procedure for the diagnosis
and treatment of biliary and pancreatic disease. ERCP has a
long learning curve in both technical skills and decision making.
After the initial 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], is also sometimes difficult at hospitals with fewer resources
for education and research. This can have consequences in 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
complications for patients who already have serious underlying
health issues [18].
Practitioners in need of advice during an ERCP procedure, but
without the option to ask an experienced colleague on site, can
opt for alternative procedures or refer the patient to another
hospital. Another option is to get in touch with fellow specialists
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.

A feasibility 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 efforts were initiated [19,20] as well as health-economic
modeling [4]. Prior to expanding the service, an exploratory
survey (Multimedia Appendix 1) showed variations in how
clinicians rated their need of support. Subsequently, we wished
to investigate practitioners’ attitudes toward teleguidance 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
is not well understood [6]. Implementation outcomes in health
care are strongly affected by organizational context and how
well an innovation answers to 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
https://formative.jmir.org/2021/1/e20692
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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
degree to which a person believes that using a particular system
would enhance his or her job performance” and Perceived Ease
of Use, representing “the degree to which a person believes that
using a particular system would be free from effort” [27]. These
central constructs were to be measured by a parsimonious
questionnaire 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 is a reliable predictor of use [28-31] or what
makes a system 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 acceptance is 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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(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
in research about cognitive and affective factors affecting the
use of single-user computer software [25]. Transferring TAM
to health care raises fundamental issues about how the carefully
designed and validated TAM scale items (Multimedia Appendix
2) match the concepts being studied [41]. Holden et al [41] posit
that acceptance studies in 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 teleguidance
and research showing that telemedicine adoption appears
problematic motivated us to investigate ERCP practitioners’
attitudes toward teleguidance. Guided by TAM, we studied the
ways in 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 is to 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. The interviews 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 access to 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 a verbal 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 several 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 analysis focused
on identifying issues that might affect the use of teleguidance.
At the outset, a number of themes were defined from the TAM
model: statements related to performance, productivity, and
effectiveness were to 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 complete the survey
(5 minutes), and information about data management and
analysis (Multimedia Appendix 4). The number of practicing
ERCP specialists in 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
questionnaire items (Multimedia Appendix 5). Questionnaire
items and phrasing were reworked a number of times to provide
a succinct format and secure a high response rate. The order of
the questions was randomized to avoid order effects. A few
questions were also negatively phrased. Subjects’ age, gender,
and professional experience, and an option to add comments
was included. 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 distributions in 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), a rank-based nonparametric test, to investigate differences
in the attitude scores between experts and novices for each
questionnaire 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 contributions to 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 issues or 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 refers to the fit between
the innovation and the current work systems. Implementation
climate is intended to reflect users’ beliefs about whether the
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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 specialists—14 experts (>500
procedures) and 9 novices (<500 procedures)—provided
complete responses (100% completion rate); 2 respondents were
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 (%)

Teleguidance can be a way for me to improve my technical skills in ERCPa

9 (64)

7 (78)

The ERCP that we perform are challenging enough for teleguidance to be of value

7 (50)

6 (67)

Performance

Overall, teleguidance would be beneficial for the quality and patient safety of the ERCP that 11 (79)
we perform

8 (89)

Teleguidance would help to further develop the ERCP activities at this clinic

10 (71)

8 (89)

Teleguidance would allow my patients to get the appropriate treatment faster

10 (71)

6 (67)

Teleguidance can allow my patients to receive a better ERCP treatment

11 (79)

8 (89)

Teleguidance would allow us to perform a greater number of ERCP procedures

8 (57)

4 (44)

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

8 (57)

7 (78)

Effectiveness and productivity

a

ERCP: 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 teleguidance could contribute
to better overall ERCP treatment for patients (11/14, 79% and
8/9, 89%; respectively) and improve quality and patient safety
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 shows the score
distributions of the Usefulness items.
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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 teleguidance 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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Table 2. Dichotomized agreement scores on implementation climate and compatibility by experts and novices in endoscopic retrograde
cholangiopancreatography.
Perceived ease of use items

Experts (n=14), n (%)

Novices (n=9), n (%)

Management would be positive that I use teleguidance

11 (79)

5 (56)

My patients would be positive that I use teleguidance

11 (79)

7 (78)

Teleguidance is a way of working that could suit me and my workplace

10 (71)

9 (100)

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

5 (36)

3 (33)

Administration between hospitals will function well

6 (43)

6 (67)

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

10 (71)

7 (78)

Teleguidance is unlikely to create risks for staff integrity

11 (79)

7 (78)

Teleguidance is unlikely to create new patient safety risks

8 (57)

6 (67)

Implementation climate

Compatibility

The graphs showing score distributions (Multimedia Appendix
7) illustrate that agreement was generally high; however, there
was a large portion of neutral ratings on items, namely,
“Management would be positive that I use teleguidance,” “The
quality of video and image transmission between hospitals will
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
practices that might be affected by teleguidance. This served 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 teleguidance might introduce new risks. Our
main focus was to develop an understanding of the complexity
of the domain 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 teleguidance, 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
questionnaire 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 issues—possibly even new patient safety issues.
This indicates that practitioners had concerns that teleguidance
might disrupt work.
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While novices were the primary target group of the telemedicine
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 clinicians are more likely 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 some items with many neutral
responses, especially 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 safety issues.
Experienced practitioners displayed a lower level of agreement
that teleguidance could improve their individual performance,
which may be explained by a less 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 also 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 differences in roles and in experience:
senior practitioners were more likely to have managerial
functions and hence might have a different perspective of
management priorities and the changes that teleguidance might
entail [2]. We can only speculate about the experts who gave
negative ratings consistently: senior ERCP specialists with
established practices and status may perceive teleguidance more
as a challenge to traditional routines [55] or professional
autonomy [56], and as a consequence, tend to prefer existing
work practices [57]. However, it is likely that negative attitudes
are a common source of bias in implementation studies, as these
practitioners may very well decline to participate at all. 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 a variety of experience and roles in this type 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 Implications for 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. The interviews provided insight into ERCP as
a time-sensitive, collaborative team effort, highly dependent on
medical technologies. Staff concerns that teleguidance might
be an extra burden is based on daily experiences of ERCP work.
Viewing teleguidance as a service rather than a new technology
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 allowances for
teleguidance-related tasks. If teleguidance is to 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 teleconsultation, 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 a similar way could benefit
all 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 a way to
avoid inadvertently challenging the power and autonomy of
incumbent experts.
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As a contrast, 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 themes that may
affect attitudes toward teleguidance, as the 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. In this sense,
items with low agreement or ambiguous findings such as the
seemingly contradictory beliefs about 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 “make the job easier” nor did the interviews provide
any statements about “Ease of Use” issues such as design
features or usability. Instead, staff spoke of organizational
demands deeply infused with clinical work, intense team
collaboration, and constant organizational pressure for
effectiveness and efficiency.
This means that teleguidance 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
sets of practices and priorities, which also can cause disruptions.
We believe that the main cause for negative attitudes toward
teleguidance is based 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 in this way is also a return 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], this type of qualitative approach
can contribute to understanding the forces that shape the
adoption of telemedicine and contribute to its effects. The
complexity of introducing teleguidance across multiple clinical
sites and ERCP teams will make evaluation particularly
challenging [60,61]. Theories that 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 also 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 psychosocial 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
questionnaire, 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 barriers to participation in the group program were also 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 a knowledgeable 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 arousal” [1].
Although many people assume that sensations of genital arousal
are pleasant, wanted, and aligned with one’s internal sense of
feeling “turned on”, PGAD/GPD represents a clear example 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 have indicated that levels of distress in response to 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 a formal diagnosis of PGAD/GPD,
with the exception of the most recent version of the International
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 fantasies with a duration 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 a lack of large-scale epidemiological studies, estimates from
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 also
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emerged [10]. Given the significant representation of women
in the 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, psychological 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 often 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 variations in 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 this group [13]. However, access to 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
symptoms to 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 a health care provider who is knowledgeable
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 alleviating distress for those
with PGAD/GPD, we piloted 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
this group is based on a case study of a woman with PGAD/GPD
who was successfully treated via pelvic 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
Participants were women who were experiencing symptoms of
PGAD/GPD for a minimum of 3 months. The inclusion 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 as intrusive 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 (examples included, 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

Jackowich et al
PGAD/GPD treatments or medications during the course of the
8-session weekly program.
Participants were recruited online via social 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 a depiction of participant
flow.

Figure 1. Flow of participation.

Measures
Questionnaires were completed before the start of the group
(Time 1), immediately after the final group session (Time 2),
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and 6 months following the final group session (Time 3). See
Figure 2 for an outline of the measures included at the different
time points of the program.
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Figure 2. Self-report measures included at each time point of the study. PGAD/GPD: persistent genital arousal disorder/genito-pelvic dysesthesia.

Demographic Information
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 (0=none to 10=most distress
ever), and the discomfort associated with their PGAD/GPD
symptoms (0=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.
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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 the time; 5-7 days). Higher scores on the CES-D represent
more depressive symptoms.

Anxiety Symptoms (State-Trait Anxiety Inventory)
Symptoms of anxiety were assessed using the trait subscale of
the State-Trait Anxiety Inventory (STAI) [19]. The STAI trait
subscale is comprised of 20 statements. Participants were 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, “I worry all the time about whether the vulvar
sensations will end,” “I feel I can’t go on,” etc), and participants
were asked to report on the frequency at which they experience
these thoughts or feelings from 0 (Not at all) to 4 (All the time).
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 (Female Sexual Distress Scale – Revised)
The Female Sexual Distress Scale – Revised (FSDS-R) [21]
was used to assess sexually-related personal distress. The
measure contains a list 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 a 5-point scale
ranging from 0 (Never) to 4 (Always). Higher scores on the
FSDS-R indicate greater levels of sexual distress.

Global Perception of Improvement
The two post-group questionnaires (Times 2 and 3) included a
single-item question estimating percent overall improvement
of PGAD/GPD symptoms (including emotional well-being,
pain, sexual functioning, relationship, etc from 0% to 100%)
as a result 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 helpful.
Feedback was also solicited on the acceptability of the length
and frequency of the sessions as well as on homework exercises,
including the degree to which participants were able to complete
the exercises (from 0=not at all to 4=a high degree), the most
and least helpful exercises, and factors that would have
facilitated homework completion. 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 software to 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.
The online 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 transmits only
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 sessions to 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

Session 1

Introduction to the science of pain (ie, processes that occur within the nervous system when one is in pain or discomfort
[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

Strategies for communicating one’s needs while experiencing discomfort, including tips for educating clinicians and
sharing information with loved ones

Session 6

The role of nutrition in inflammation and experiences of discomfort

Session 7

Sleep hygiene and strength training (general body conditioning exercises to help a person with chronic symptoms become
more functional in their activities of daily living)

Session 8

Emotion regulation and self-compassion

Each of the 8 sessions followed a set structure. First, participants
were welcomed, and the educational topics for the session were
introduced. Then, participants were guided to perform a breath
technique to center/focus on the present. Following the breathing
http://formative.jmir.org/2021/1/e22450/
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exercise, the educational topic of the session was presented by
a registered 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
question and answer period. There was no cost to participants
for the group educational sessions, and no 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
questionnaires for a second time (Time 2). Participants were
also sent the same online questionnaires 6 months following
completion of the program (Time 3).

identified, defined as values more than 3 times the interquartile
range [22]. No missing data were imputed 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.

Results

Feedback Questionnaire

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 data were examined for missing
values and outliers where appropriate. No outliers were
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Responses to open-ended questions in the feedback
questionnaires are presented.

Sample Demographics and Symptom Characteristics
Demographic and symptom characteristics for participants who
completed the Time 1 questionnaires (n=14) are presented in
Table 2. Participants were, on average, 43.71 years old (SD
17.65; range: 18 to 71). With respect to PGAD/GPD symptoms,
participants reported a long average duration of symptoms (mean
7.43 years, SD 10.25), and a moderate to 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)

Bisexual

2 (14)

Asexual

1 (7)

PGAD/GPDa symptoms, mean (SD)

a

Time since PGAD/GPD symptom onset, years

7.43 (10.25)

Time PGAD/GPD present, %

63.31 (28.83)

Distress (0=none, 10=most distress ever)

7.64 (2.27)

Discomfort (0=none, 10=most discomfort ever)

6.43 (3.63)

HCPsb seen for PGAD/GPD, n

5.50 (5.40)

Other gynecological concernsc, n

2.14 (1.99)

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

b

HCP: health care provider.

c

Examples of other gynecological concerns include interstitial cystitis, pelvic inflammatory disease, endometriosis, and sexually transmitted infections.

Who Attends the Majority 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 reasons were
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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e22450 | p.83
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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 sexual distress. Overall, 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).

a

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)

1.9 (2.5)

Time PGAD/GPDa present, %

59.8 (33.7)

66.3 (26.4)

Distress score

7.6 (2.5)

7.7 (2.2)

Discomfort score

5.4 (3.9)

7.4 (3.4)

CES-Db

26.9 (11.9)

32.3 (12.6)

STAIc

54.3 (14.1)

58.7 (15.3)

M-PCSd

32.5 (13.7)

34.7 (13.3)

FSDS-Re

33.4 (14.0)

29.3 (8.3)

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

b

CES-D: Center for Epidemiologic Studies Depression Scale.

c

STAI: State-Trait Anxiety Inventory.

d

M-PCS: Modified Pain Catastrophizing Scale.

e

FSDS-R: Female Sexual Distress Scale – Revised.

Symptoms and Psychosocial Well-being Before and
After the Program
At Time 2, participants rated their overall perceived
improvement to be 13.5% (SD 20.29; range: 0% to 50%; n=6).
At Time 3, participants rated their overall perceived
improvement to be slightly higher (mean 15.0%, SD 11.18;
range: 0% to 30%; n=5). Descriptive information about symptom
characteristics, psychosocial adjustment, and sexual well-being
at all 3 time points is 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 across the 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 PGAD/GPDa present, %
Distress score

Discomfort score

CES-Db
STAIc

M-PCS

d

FSDS-Re

a

Time 1, mean (SD)

Time 2, mean (SD)

Time 3, mean (SD)

n

n

n

63.31 (28.83)

54.83 (34.96)

51.25 (33.26)

13

6

4

7.64 (2.27)

7.67 (3.14)

6.80 (2.39)

14

6

5

6.43 (3.63)

7.33 (2.58)

5.40 (2.97)

14

6

5

29.57* (12.12)

28.67* (12.04)

23.0* (8.28)

14

6

5

56.5* (14.34)

52.17* (13.41)

46.80* (12.85)

14

6

5

34.21* (12.60)

29.67 (13.71)

25.40 (11.61)

14

6

5

31.36* (11.27)

30.33* (17.34)

19.00* (15.75)

14

6

5

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

b

CES-D: Center for Epidemiologic Studies Depression Scale.

c

STAI: State-Trait Anxiety Inventory.

d

M-PCS: Modified Pain Catastrophizing Scale.

e

FSDS-R: Female Sexual Distress Scale – Revised.

*

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

Feedback Questionnaire: What Did Participants Think
About the Group Program?
At Time 2, 8 participants completed an anonymous feedback
questionnaire 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 a moderate
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) sleep 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 as alone
as I feel”), support to complete ongoing interventions for the
PGAD/GPD symptoms (“reminders of some of what I was
already doing,” “having a focus each week”), and hopefulness
(“made me once again think about what I can do to handle this”).
When asked what would help participants to complete the home
practice exercises regularly, 2 participants identified barriers to
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.
Question 1: In what ways did you find the sessions helpful? What did you find most useful?
•

Knowing about how the brain works

•

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

•

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

•

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

•

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

•

I knew most of the information already...

•

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

•

Reminders of some of what I was already doing: meditations, yoga, physical exercise, correct nutrition.

Question 2: What would have made it easier for you to complete the home exercises?
•

More personal interaction.

•

More personal time. The sessions came at a very busy time in my life […] I didn't have the capacity to slow down.

•

I think timing had a lot to do with issues for me. Having had two hospitalizations within a month […] has left me severely restricted at this time.

•

A separate note with just the exercise after each session.

•

Better health.

Discussion

symptoms and associated psychosocial consequences may still
face barriers to engaging in such an intervention.

Principal Findings

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 barriers to 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 breaks for 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
exercises or by increasing avoidance of discussions or 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.

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 psychosocial 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 available for PGAD/GPD
[10,14], online interventions have the opportunity to reach many
individuals who may not otherwise have access to treatment for
PGAD/GPD. There is growing evidence that web-based health
interventions can be effective in promoting knowledge and
behavioral change in the management of other chronic illnesses
[23].
Descriptive results regarding participants who attended the
majority of the group sessions suggested that they were younger
and reported less 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 sexual distress). These results
indicate that regular participation in an online group program
may be beneficial in terms of outcome. However, these findings
also suggest that, even when intervention is presented via an
online format, participants with more severe PGAD/GPD
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We also collected feedback on the most and least helpful aspects
of the program, with a view to use the knowledge gained to aid
in the redevelopment of an online group intervention for those
with PGAD/GPD. Based on the feedback, sessions that 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 also help to
address some of the barriers (ie, reducing distress and improving
psychosocial well-being) to attending the program. Overall, 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 as PGAD/GPD, that is surrounded by high levels of 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 on a small sample size. Future studies may seek to conduct
a similar program in a larger sample, while addressing the
barriers identified 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 criteria for 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]). Finally, there is no information about how
PGAD/GPD symptoms change over time without intervention
to use as a comparison to these results. While this sample reports
a long duration of symptoms (7.43 years on average), the
chronicity of PGAD/GPD is unknown. 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 symptoms will
aid in interpreting future treatment outcome research. Finally,
the sample was limited to individuals with access to the Internet
and a computer. Online interventions may have the ability to
reach individuals who cannot travel for in-person interventions;
however, a limitation is access to, knowledge of, and comfort
with telehealth technology (such as videoconferencing software).

Conclusions
Online interventions provide an opportunity to reach
international participants who may otherwise struggle to access
a knowledgeable provider for their PGAD/GPD symptoms. The
group format may also help to encourage hopefulness and
normalize the experience of symptoms that are often surrounded
by feelings of shame. This study is the first 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 increase their 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 a clinician’s workload
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
a mobile app on a telephone-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 via communication 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 all, 56 patients were enrolled in the app-based virtual ward (cohort 2). Digital remote patient monitoring resulted
in a reduction in the number of phone calls from a mean total of 9 calls to 4 calls over the monitoring period. There was 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 translates to 3.30 fewer full-time equivalents (raw phone call data), resulting in 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 a time 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 solutions in other clinical scenarios where increased care delivery efficiency is sought.
(JMIR Form Res 2021;5(1):e23190) 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 Monitoring
In the 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 a third [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) has typically 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 professionals and patients. Evidence regarding
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 a virtual 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
equates to a total 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 a virtual 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
as heart failure, chronic obstructive pulmonary disorder (COPD),
and frailty [6,7]. However, to date, there has been little research
on the management of acute illnesses 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 extrapolate 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 baseline to 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 systems worldwide are currently facing an unprecedented
challenge that is rapidly transforming the ways in which clinical
care is provided. As of 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 as virtual 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 al [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 this mHealth 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,
were related to COVID-19. Overall, clinicians found the existing
telemedicine solution to be a useful tool in diverting patients
from the 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 protocols in 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 the increasing popularity of digital technologies providing
mobile app–based solutions for digital health, virtual wards
have somewhat undergone an overhaul and are now able to
provide clinical teams with real-time data to better manage their
patients. Clinicians now have greater visibility over their patients
and improved communication pathways with other health care
professionals, all 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 telephone-based virtual wards in the
context of the COVID-19 pandemic.

Methods
An NHS district hospital, in partnership with NHS-X and Huma
Therapeutics, utilized its existing respiratory virtual ward as a
temporary COVID-19 virtual ward. This virtual ward was
initially designed to support inpatients who were experiencing
exacerbated common respiratory conditions and 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
safe to 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
1 on days 1, 2, 3, 4, 5, 7, 9, 11, and 14. Patients were 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 data on a daily 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 manual entry); body temperature
(obtained via a digital thermometer connected to the app or by
manual entry); any symptoms (Textbox 1) experienced; and
breathlessness 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, a member of the clinical
team would decide on whether a phone call was required or not.
As per cohort 1, patients were monitored for 14 days, after
which, if clinically 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 patients with 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.

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

•

Shortness of breath

•

Nausea

•

Loss of taste

•

Loss of smell

•

Vomiting

•

Chest pain/tightness

•

Headache

•

Heart palpitations

•

Dizziness

•

Loss of consciousness

Results

patients in cohort 1 was 8.5 minutes, which was similar to the
mean phone call time in cohort 2 (data not available).

Over a 1-month period, a total of 56 patients were 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. Clinical 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 this time.

The total time spent on phone calls for all 56 patients in cohort
2 was 31.73 hours. Based on the mean phone call time, the total
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 a day reviewing data
of patients in cohort 2, resulting in a total time of 38.68 hours
spent on the clinician dashboard. The FTE adjusted for time
spent reviewing data was 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.

Over the course of the monitoring period, we found that patients
in cohort 2 (app + telephone) received significantly fewer phone
calls (mean 4, SD 0.701) than those in 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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Figure 2. Difference in time spent remotely monitoring 56 patients between the 2 cohorts.

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.

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

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.”)

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 a true 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 be run to accurately gauge clinical outcomes of mHealth
solutions compared to traditional methods of patient monitoring.

Discussion
Summary
This prospective feasibility study highlights the impact a digital
health solution can add to existing care services. In areas where
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 the infrastructure of health care provision,
especially 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
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Strengths and Limitations

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 solutions in
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
pandemics. Clinical teams should heed the benefits displayed

Shah et al
and implement these time- and cost-saving services into the
everyday infrastructure. This would not only mean services are
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.
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Abstract
Background: There is a growing 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: This pilot study evaluated the efficacy of EDC for the Child Development Unit, a hospital-based diagnostic assessment
clinic in the Sydney Children’s Hospital Network. Caregiver response rates and preference for EDC or paper-based methods were
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
questionnaire, 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 is feasible in 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 care in clinical practices.
(JMIR Form Res 2021;5(1):e18214) 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 health 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
Australia, 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]. As a result, a recent
inquiry report by the Australian Government Productivity
Commission suggested that Australia was falling behind in
utilizing health care data for data linkage between health services
for research purposes [12].
Despite 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 access forms and 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 this increased efficiency, EDC has been
shown to result in fewer human errors in data processing and
enables collection of data from a broader 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 possible time in a child’s development
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 resources to complete these tasks. These clinics typically
do not use EDC, relying instead on pencil and paper for the vast
majority of assessments. These public neurodevelopmental
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 a higher
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.
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Prior research has shown that demographic factors, such as age,
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 use is less 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
Australia’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 neurodevelopmental problems. The CDU provides
multidisciplinary neurodevelopmental assessments to the state
of New South Wales, with some families attending from regional
and rural areas, and a high proportion of families from culturally
and linguistically diverse backgrounds. Assessment in the CDU
begins with gathering information on family and developmental
history, via a questionnaire completed by caregivers before
attending their first appointment. The CDU has traditionally
mailed a paper version of this questionnaire to families prior to
their appointment, with families asked to post the completed
questionnaire 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
questionnaire when compared to the paper version. We also
investigated whether families preferred the electronic 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
questionnaire, 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. Originally 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/

XSL• FO
RenderX

Patel et al
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 as they are entered in
the online form. Once the family exits the form, it is immediately
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
call to do so. Those families who have not returned the
questionnaire 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. Families were 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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Figure 1. Flow chart of procedures for questionnaire completion modes and response rates for each mode. Numbers in parentheses describe the response
rate for each mode.

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
questionnaire 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
questionnaire modality preference in the EDC group,
independent samples t tests and chi-square tests were used.
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Additionally, given that the CDU services families from diverse
ethnic backgrounds, chi-square tests were used to assess
questionnaire modality preference in respondents who requested
an interpreter for the developmental assessment, and respondents
who identified as being Aboriginal 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.
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Table 1. Questionnaire response rates for the postal (N=62) and EDC (N=184) groups.

a

Questionnaire completion status

Postal, n (%)

EDCa, 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)

EDC: electronic data collection.

Differences in Response Rates Between the Postal and
EDC Groups
As shown in Table 1, there was a significantly higher response
rate in the EDC group (164/184, 89.1%) compared to the postal
group (24/62, 39%; χ23=78.8, P<.001). There was no variability
in the number of partially completed responses between the
EDC (10/184, 5.4%) and postal (5/62, 8%) groups (χ21=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%; χ21=96.2, P<.001). This preference did not
vary as a function of when the questionnaire was completed (ie,
prior to or during appointment) or the amount of the
questionnaire completed (ie, partial or full completion).

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

a

Questionnaire completion status

Paper preference, n (%)

Online preference, n (%)

Completed before appointment

21 (12.1)

143 (82.7)

Partially completed before appointment

0 (0.0)

1 (0.6)

Completed during appointment

1 (0.6)

7 (4.0)

EDC: electronic data collection.

b

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

Influence of Demographic Characteristics on
Questionnaire Modality Preference
Table 3 displays key demographic characteristics for 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
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preference for online compared to paper completion, t167=0.99,
P=.32, nor did the primary language spoken by the person
completing the questionnaire, χ22=2.9, P=.24. However, our
results revealed an association between education level and
questionnaire modality preference, χ22=4.2, P=.04. Overall,
those individuals who had received tertiary education were less
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
individuals who reported a preference for completing the online
questionnaires, 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 EDCa group.
Characteristic

Paper preference

Online preference

P valueb

Age (years), mean (SD)

36.02 (7.02)

37.62 (7.06)

.32

Primary language spoken, n (%)c

.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 (%)d

a

.04

Nontertiary

15 (8.7)

66 (38.2)

Tertiary

7 (4.0)

81 (46.8)

EDC: electronic data collection.

b

P 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.
c

Two respondents (2/173, 1.2%) did not provide information about primary language spoken at home.

d

Four 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, there was

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 EDCa group.b

a

Characteristic

Paper preference, n (%)

Online preference, n (%)

P value

Families requesting interpreter

4 (2.3)

6 (3.5)

.53

ATSIc origin

3 (1.7)

7 (4.0)

.21

EDC: electronic data collection.

b

Ten 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.
c

ATSI: Aboriginal or Torres Strait Islander.

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 caregivers with 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 as a function
of age, primary language spoken, or belonging to a minority
subgroup. Consistent with previous findings, however, a higher
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 as their highest
level. Overall, this pilot study supports the continued evaluation
of EDC to improve efficiency, cost, and clinical and research
services in public hospital–based child development clinics and
supports its utility across diverse education levels and cultural
groups [29].
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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
questionnaire. This low response rate results in added clinical
burden, as clinicians are required to complete the questionnaire
with families at the time of their on-site appointment. This is
far from ideal, given the logistics involved in preparing for each
on-site assessment. For instance, the CDU carries out
approximately 15 comprehensive assessments per week,
spanning 1-3 full days. Assessments include tests of intelligence,
developmental delay, language, neuropsychological 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 clinicians are unable
to adequately prepare for the type of assessment required in
advance of the appointment. Our findings indicate that response
rates are markedly improved when EDC is used, 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. This finding is in contrast to previous studies that 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) is associated 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 caregivers are 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, families who 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
these findings require replication in larger samples, they indicate
that EDC may be suitable for the diverse populations 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, a majority (15/22, 68%) reported nontertiary
education as their highest level. It has been shown that mothers
with a high-school certificate level education or lower were less
likely to use the internet for health-related purposes than those
with a tertiary education. This may also be associated with lower
socioeconomic status, lower household income, and lack of
access to a computer or internet at home [34]. Education level
is a known 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
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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 families who
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 a small minority of respondents (22/173, 12.7%)
indicated preference for a paper 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 minutes to 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, this is 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
data in clinical health services such as the CDU.
Overall, this pilot study suggests that EDC is feasible and well
accepted in a busy hospital-based clinic and has potential
benefits for 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
parents who lack accurate information. Digital knowledge translation 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: This pilot study aimed to (1) develop AOM knowledge translation tools for Canadian parents, (2) adapt the knowledge
translation 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. We recruited parent participants from a hospital 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: Usability results showed the usefulness and effectiveness of both adapted knowledge translation tools. Parents reported
preferring a digital 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 translation advancements. Evaluation of the tool effectiveness is a critical next step to exploring the
impact of knowledge translation tools on child health outcomes.
(JMIR Form Res 2021;5(1):e13908) doi:10.2196/13908
KEYWORDS
acute otitis media; knowledge translation; pediatric; parent’s experiences; information needs; global health

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
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children, it is often underrecognized and undertreated by
clinicians [1]. Previous research identified that families want
information about their child’s illness, expected treatments, and
post–emergency department [4] or clinic care. However, the
gap between evidenced-based research and end user knowledge
remains large. Knowledge translation (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 to improve 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 also 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 tools in improving child health outcomes
[8,11,13,15,16]. However, the scale-up of these digital KT tools
for parents across different cultural contexts remains
underdeveloped [16-18].
Closing the gap between research and practice has been
consistently identified as a priority around the globe [19-21].
Despite this interest 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 still 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 as mobile
phones, are increasing rapidly in LMICs [26,27]. eHealth
interventions are useful in providing health information,
reminders, emergency response, and monitoring [30]. In LMICs,
digital interventions could reduce time, distance, and cost of
information delivery, overcoming issues of inadequate financing,
poor access to 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.
The aim of this pilot project was to (1) develop digital KT tools
on AOM for Canadian parents, (2) translate and augment the
KT tools in a different cultural context, and (3) evaluate the
usability of KT tools in a different 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 tools in 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 revealed 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 tools for Canadian parents. In stage 3, we developed
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 a composite narrative (a compilation 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 translated 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 people to access
antibiotics as over-the-counter drugs [35], which leads to
antibiotic resistance among children. Thus, cultural norms for
antibiotic prescriptions for AOM, health care professionals’
roles in managing AOM, and parents’ roles in making health
care decisions for their children were incorporated. The evidence
on treatment for AOM remained the same; the only changes
were the names of drugs for symptomatic management and an
increased emphasis in the video and infographics on the proper
usage of antibiotics for AOM. After the revision, a professional
translator translated the tools into Urdu, the national language
of Pakistan. Considering the average literacy level in Pakistan,
we used grade 5–level 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 translated infographics, entitled “How to Help
When Your Child Gets an Ear Infection.” The whiteboard videos
are available on YouTube in both English and Urdu (specially
commended in the Institute 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 cultural
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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for data collection in Pakistan.

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

Usability Survey
To evaluate the usability 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 usability 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 translated digital tools with parents at a large private hospital
in Karachi. Two local research assistants approached parents
waiting at pediatric clinics. The inclusion criteria for study
participation were (1) being a parent or guardian of a child aged
1 to 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
assistants 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
to industry standards and entered them into IBM SPSS Statistics
(version 23; IBM Corp) twice to ensure accuracy.

Qualitative Focus Groups
We conducted 3 focus group interviews with parents to 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. The inclusion criteria for study
participation were (1) being a parent or guardian of a child 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 minutes to 1 hour. At the beginning of each focus group, all
participants viewed 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 translated into English by a professional translator.
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.

Meherali et al

Results
Usability Survey Findings
We invited a total of 65 parents to participate in the usability
survey, and 47 parents completed 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 (1)

20-30

30 (44)

31-40

29 (43)

41-50

8 (12)

Household income (RS)a
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)

I 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

3 (4)

Postsecondary degree

4 (6)

Graduate degree

35 (51)

Other

7 (10)

Total number of children in the house

a

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
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simple and easy to use. The majority of the parents (43/47, 91%)
strongly agreed or agreed that these tools would 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.

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

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

Strongly agree, n (%)

Agree, n (%)

Not sure, n (%)

Disagree, n (%)

The tools provide useful information

16 (34)

31 (66)

0 (0)

0 (0)

The tools provide information relevant to me

18 (38)

29 (62)

0 (0)

0 (0)

The tools are simple to use

17 (36)

28 (60)

2 (4)

0 (0)

I can use the tools without written instructions or additional help

13 (28)

19 (40)

7 (15)

8 (17)

Tools' lengths are appropriate

8 (17)

30 (64)

6 (13)

3 (6)

Tools are aesthetically pleasing

17 (36)

27 (58)

3 (6)

0 (0)

These tools help me to make decisions about my child's health

18 (38)

28 (60)

1 (2)

0 (0)

I would use these tools in the future

16 (34)

29 (62)

2 (4)

0 (0)

I would recommend these tools to a friend

20 (42)

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. We identified 3 major codes: (1) parents’ preference
for KT tools (whiteboard video or infographics), (2) usability
and feasibility of translated digital KT tools for parents, and
(3) dissemination strategies.

Parents’ Preference for KT Tools
Parents’ reactions were generally 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 also 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 a 4-year-old child stated:
Many people don’t have smartphones, so not
necessarily all of them can watch video. If such [a]
community is targeted,…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 the information 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 this video is in [a] very simple
and easy [format] and in our own language [so] that
everyone can comprehend it easily.
The participants also 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:
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I really like the story format; it’s really very
interesting to see the parents, child, and
doctor….Seems like I am seeing my personal
experience.
The participants also 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 videos will be helpful for the mother, as she will
be aware that these are the immediate remedial steps
which she can take to help her child with ear pain.
Talking about Pakistani culture, one young mother said:
This kind of digital information is very beneficial for
the girls who married at [an] early age. They don’t
like that 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 female 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
messages to parents, and [their] phone number is not
shared [with] other persons,. . . so, the privacy will
remain intact too.

Discussion
Principal Findings
Our findings demonstrate that culturally adapted translated 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
form in their own language. They considered these tools a great
source of knowledge that raised their awareness on AOM. We
found that the culturally adapted digital KT tools we developed
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
promise in improving child health outcomes, these interventions
are rarely implemented. The assumption is that effective KT
interventions in the specific context of a Western 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
procedures for use by many people on a larger scale” [41]. With
this in mind, we ensured that people with low literacy can easily
understand the KT tools that we developed, 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
LMICs are grappling with a crisis in human resources for 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 crisis means that it is not 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, this is the first study conducted
in an LMIC to evaluate the usability 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 sample from only one site, a large private hospital,
so our sample potentially reflects parents who 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 provides valuable
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 LMICs to 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 development of new technologies 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 translation, 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 is to augment other digital KT tools to address
common acute conditions in LMICs; develop guidelines for the
adaptation of KT tools for different cultures, countries, and
contexts; and evaluate the effectiveness of these digital tools in
improving the health outcomes of children in 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 a global 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
tools for KT is needed and worthwhile; in particular, assessing
these approaches with 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
tools among local health care professionals and families as well
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 refers to 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: This study presents the steps taken to develop a prototype for a patient resource for young women who have completed
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, a decision 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 developing 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
unique 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):e20841) doi:10.2196/20841
KEYWORDS
patient-centered care; user-centered design; decision support techniques; decision aid; cancer; fertility; internet-based intervention;
web-based intervention; mobile phone; psychosocial intervention
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Introduction
Background
Patient-centered care is well 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
ensure that their individual values are reflected in the treatment
plans [2]. Operationally, an important 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 a clinical
context in which there is an unmet need for patient-centered
support. For young adult survivors of cancer (ie, aged 18-39
years), fertility is ranked 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 describes the first phase of the development 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
assisted 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 a risk 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 distress when 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 resources to help them understand
their options for 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 decisions in 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.
This iterative process is effective and essential because it places
end users at the center of every stage of development—in this
case young adult female survivors of cancer—to ensure that the
end product reflects and addresses their needs [13]. Conversely,
the failure to consider end users’ insights, feedback, and needs
results in 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 users to develop
products that 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 develop a web-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 process to develop 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 preferences for 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 where to 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 a clinician [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 developed by following the steps depicted 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 drivers in
the iterative design decisions throughout product development
[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 al [25] and was consistent with the
International Patient Decision Aid Society (IPDAS) and the
Ottawa Decision Support Framework guidelines for patient DAs
[25-28]. For the purposes of building a website, guidelines from
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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Figure 1. Steps taken to develop a patient 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.

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
this demographic (Multimedia Appendix 1). The research team
then completed a discovery worksheet to ensure alignment with
the web developer regarding the goals of the project (Multimedia
Appendix 2).

Responsive Design Format
We selected a digital format to optimize user access, flexibility,
and convenience, aligned with the stated preference of the target
user group [20]. Internet use is nearly ubiquitous in 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 a smartphone [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.
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Steering Group
A multidisciplinary steering group was assembled, which
included clinicians and researchers with expertise in 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 also
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
The following steps were taken to develop 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 interviews and 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 needs with 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 site was to 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 success with
family-building options could not be provided. Instead, the tool
was built to increase awareness of the potential 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 a website that would feel empowering
and would be usable, engaging, and effective. The tool was
designed to be used independently by young adult female
survivors of cancer and delivered via internet access using a
responsive design format.

Benedict et al
patient research partners. We reviewed 9 publications reporting
on 7 oncofertility patient DAs and were able to access 5 of the
DAs available on the web (Multimedia Appendix 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 also
our aim to create a website that would feel approachable while
conveying trustworthiness and reliability (ie, the personality of
the website). A review of web-based oncofertility resources and
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.

Design Process

Personas and Storyboards

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,
a rapid 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
partners were asked via email and phone/video communication
for feedback and recommendations.

On the basis of our background work [19-22], literature review
[34], and clinical experience (Figure 2), 6 personas were 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
archetypes and the kinds of questions, concerns, intentions, and
goals they would have to interact with the website. Each persona
was given a name, sociodemographic descriptors, a cancer story,
social 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.

Ideation 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 developer and
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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.

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
would fit into a user’s life as well as in 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 actual patients depicted through the personas, imagining their
life experiences leading up to and after viewing the website.
For example, a young woman in her early 20s, not yet ready to
have children but aware that she may be at risk for fertility
problems in the future, may approach the website with curiosity
to learn about her options and recommendations for 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 is important 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
http://formative.jmir.org/2021/1/e20841/
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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 there is only one path to access
content by turning pages). Content control is intended to provide
users with control over the order, detail, and type of evidence
presented. Providing users greater content control is related to
improved quality of decision making [36]. Conversely, 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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e20841 | p.120
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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. One idea was to prompt users to answer
a set of questions on the homepage with a branching logic to
guide them to the best landing page, but this was 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 webpages to 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 a single 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.

Sketches and Wireframes
The next step in our website development was to 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 emphasis on using concrete examples
that would be highly relevant to the reader. Initial sketches were
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-dimensional 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 developed,
without focusing on styling, color, and graphics. These digital
wireframes allowed 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 partners were
critical at this juncture to clearly understand the purpose of the
website, comment on available 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 stress and uncertainty of fertility and family-building futures,
and cited a desire for the website to feel calming and hopeful.
Wireframes were informed by this feedback and the work done
during the discovery phase.

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 partners told us that 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 effectiveness in
displaying the critical information. We will test these design
decisions and their emotional impact during usability testing.

Aligning on a Design Aesthetic

Content Development

It is recommended to use images that end users will find to be
realistic and relatable when designing health- and
medicine-related content [29]. Research suggests users of digital
health tools may prefer photographs of real people, as opposed
to illustrations or no photographs at all [39]. It is also important
to show people of diverse backgrounds, allowing more people
to find themselves and relate to the content [40]. Accordingly,
we included 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

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.

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

Be concise; eliminate unnecessary words

2.

Break information up into separate topics

3.

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

4.

Use short lists and bullets to organize information

5.

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

6.

Consider using questions as headings

7.

Present each topic or point separately

8.

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

9.

Use white space to allow users to easily scan the page for key information

10. Write using the same words users would use when doing a web search for the information, particularly for page titles and headings
11. 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
content/pages on the site
12. Use language to guide the user journey that describes what the user will get if they click on the link; ie, never use “click here” as a link
13. Eliminate unnecessary words as much as possible

Content was also written to be all-inclusive with respect to user
diversity, particularly regarding partnership status (ie, single vs
coupled users), sexual 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 (now 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 embryos in the lab),
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 options in the values clarification exercise and
can also reflect on these factors when answering open-ended
questions.

Additional Design Considerations
Patient research partners discussed the emotional experiences
that users might have when approaching the website, based on
the stress and uncertainty of fertility and family-building futures,
and cited a desire for the website to feel calming and hopeful.
Several design considerations were made to 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
periods in which a single decision about treatment options must
be made [43]. DAs developed in cancer and fertility have almost
exclusively focused on pretreatment fertility preservation in
which there are 2 decision options (yes or no) and a limited time
window, as cancer treatment must be initiated [12,44].
Conversely, decision making about family building may involve
a more 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 a biologically related child, but if given a low
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 a decision partner. On the basis of this conceptualization
of longitudinal decision-making processes, the design of the
website included 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
more intense emotions of distress and fear often described lower
self-efficacy to manage risks 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
individuals to 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 was to be
empowering for young women, for example, to guide users in
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 this journey. We also used color and design to facilitate
comprehension and guide engagement with the site. We
attempted to avoid design elements that 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 survivors with
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 Services toolkit for making written
material clear and effective was also employed [51]. The IPDAS
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 culturally
diverse populations were also 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

Criteria to be defined as a patient DAa
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 effectsb
8. The DA makes it 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 a disease, benefit, harm, or side effect) of options using the same denom- N/Ac,d
inator
11. The DA (or available technical documents) reports funding sources for development

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

Yese

18. The DA describes possible next steps based on the test results

Yese

19. The DA has information about the chances of disease being found with and without screening

Yese

20. The DA has information about detection and treatment of disease that would never have caused problems if screening Yese
had not been done
Other criteria indicating quality
21. The DA describes what happens in the natural course of the condition (health or other) if no action is taken

Yes

22. The DA has information about the procedures involved (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 rates in a defined group of people for a specified time

N/Ad

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 previously faced the decision) were asked what they need to prepare them to discuss a specific de- Yes
cision
28. The DA was reviewed by people who previously faced the decision and were not involved in the DA’s development
and field testing

Yes

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)

Nof

31. Field testing showed that people who were undecided felt that the information was presented in a balanced way

Nof

32. There is evidence that the DA (or one based on the same template) helps people know about the available options and N/Ag
their features
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Answer

33. There is evidence that the DA (or one based on the same template) improves the match between the features that matter N/Ag
most to the informed person and the option that is chosen
a

DA: decision aid.

b

We expanded this definition to also include financial effects of decision option outcomes.

c

N/A: not applicable.

d

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.
e

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, this is only one aspect of the
entire decision-making process encompassing family building after cancer.
f

This criterion was not yet relevant, as the patient decision aid was still in development. Usability and field testing are currently underway.

g

Study 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. Use links 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

Yesa

19. Make websites responsive

Yes

20. Design mobile content to meet mobile users’ needs

Yes

Organize content and simplify navigation
21. Create a simple and engaging homepage

Yes

22. Label and organize content with your users in mind

Yes

23. Create linear information paths

Yesb

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

Noc

30. Display search results clearly

Noc

Engage users
31. Share information through multimedia

No

32. Design intuitive interactive graphics and tools

Yes

33. Provide tailored information

Yesd

34. Create user-friendly forms and quizzes

Yes

35. Consider social media sharing options

N/Ae,f

Test your site with users with limited literacy skills
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Criteria

Answer

36. Recruit users with limited literacy skills and limited health literacy skills

Nof

37. Identify and eliminate logistical barriers to participation

Yes

38. Create plain language testing materials

Yes

39. Test whether your content is understandable and actionable

Nof

40. Use moderators who have experience with users with limited literacy skills

N/Ag

a

Design decisions were made within the scope of the project to make content accessible to people with disabilities, including using large font and white
space.
b

Beginning sections of the decision aid tool were designed so that users would follow a linear 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).
c

We were unable to include a search function due to the limitations of web development resources.

d

Information was tailored 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 a drawer design to hide/reveal content based on user interest, and available drop-down features.
e

N/A: not applicable.

f

This criterion was not yet relevant, as the patient decision aid was still in development.

g

The 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 practices involve 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 adherence to IPDAS 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 beneficial 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 procedures including think-aloud
sessions and validated usability assessment measures. Design
modifications and additional testing will be conducted until user
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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 (Standards for UNiversal reporting of patient Decision
Aid Evaluations) for reporting patient DA evaluative 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 explore personal factors that 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 a family-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 this is a widespread issue,
based on the data gathered on internet accessibility across
various demographic cohorts [30-32]. In order to accommodate
users who may prefer a paper-based version, we included a print
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button on the top of each page that autoformats the website
content for the ease of printing.

Conclusions
Following this first phase of the development process of a
patient DA and planning tool for family building after cancer,

Benedict et al
our subsequent usability testing phase will guide modifications
and finalization of the design. This clinical research will
contribute to a priority area set forth by the NCI and the
American Society of Clinical Oncology to develop age-specific
resources for young adult cancer survivors while leveraging the
advantages of digital communication technology [59,60].
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Abstract
Background: Cystic fibrosis (CF) is an 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 originally 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 a thematic 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 developed.
Results: A total of 5 focus groups with 21 participants were conducted. Recommended modifications pertained to all 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 changes to 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 a mental health tracker as well as more detailed response options and precise language. Beta testers of the modified
platform reported issues related to translatability 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.
(JMIR Form Res 2021;5(1):e19413) doi:10.2196/19413
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cystic fibrosis; mHealth
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Introduction

caregivers reported that the majority are willing to share such
data [24].

Background

The opportunities for 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, barriers related to the integration of patient-generated
health data with information technology (IT) systems and
electronic medical records have been documented [21]. In
addition, the few existing CF apps only 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].

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 a complex, 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
clinical 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 majority 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 a chronic condition such as CF and does not 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]. Ideally, 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 data and 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
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Genia
Genia is a mHealth 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 via the 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. Genia dashboards: (A) treatments, (B) trackers, and (C) appointments and reports.

Objectives
This study adapted Genia to the needs and preferences of the
CF community in a pediatric 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 Model
The project is informed by the model of health care service
coproduction [5] whose central tenet is that health care services
are coproduced by patients and providers in systems that 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
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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 a US $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
clinical 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 preloaded with a beta version of the app
in English. Moderators were available to answer questions about
the app. Patients who participated in a virtual focus group were
given access to the app on their personal devices up to 3 days
before the focus group. As they had the opportunity to explore
the app beforehand, less time 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
Institutional Review Board of the University of Alabama at
Birmingham (Protocol IRB-300001749).
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Table 1. Semistructured guide for focus group discussions.
Question type

Questions

General

1.
2.
3.
4.
5.
6.

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?

Overarching

1.

How should the Genia platform be adapted to meet your needs and preferences?

Feature specific

1.

Trackers: Are these the topics you would track and talk to your doctor about? Are there other important
topics that are not included?
Previsit reports: What do you think about the questions? Is there something that is not clear or could be
improved?
Treatments: What do you think about this feature? Is there anything that could be improved?
Appointments: What do you think about this feature? Is there anything that could be improved?
News: What do you think about this feature? Is there anything that could be improved?
Settings: Is there anything that could be improved in the app settings?

2.
3.
4.
5.
6.

Data from all focus groups were 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 codes for theme development [37]. Thematic
analysis identifies themes from 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 Identified 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, feasible in the future,
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 data flow 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/
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(REDCap) server at our academic institution. REDCap, which
uses cellular networks and encrypted point-to-point
communication, is a secure web app specifically designed to
support and house web-based data capture for research studies.
We enrolled 6 participants from the caregiver focus groups to
test data flow 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 developed 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 a one-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 adolescent
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 specialties 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 allows users to keep track of their symptoms
using a library of developed trackers. Clinical, patient, and
caregiver respondents prompted developers to create or improve
trackers for a variety of health measures and physical symptoms.
Overall, 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, all groups
recommended a tracker for stool composition and frequency.
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, I changed their diapers. I went in the
bathroom with 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, whereas 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]
I 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 a really good one to add to it. [Patient]
Caregivers hoped that children who are not comfortable talking
to their parents about their mental health would tell the app how
they are feeling and share these data with the CF care team:
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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 a drop-down list of emotions and
elaborate on why they feel that way:
Call the button daily emotions, because you want
them to put it in every day so we can keep track of it,
so I think that’s under emotions. [Caregiver]
The one I’m thinking is just your mood [...] Were you
happy today? Was there anything that you made feel
sad? Something like that. [Patient]

Creating a Treatment
The Genia app allows 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
days off schedule). Caregivers also asked for the ability to enter
the prescription date and to set refill reminders for medications,
medical supplies (eg, nebulizer cups), or treatment-related tasks
(eg, changing air filters and flushing a port). 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 vs oral), or by organ system (digestive vs respiratory).

Exporting Reports to the Clinical Setting
One of the most important features of the Genia patient support
system is sending patient-generated health data to 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 also include the pen-and-paper questionnaire
traditionally administered in the clinic waiting room:
[...] ’cause I’ve been to the point where I’m like I’m
just not gonna fill it out. [Caregiver]
I find the papers extremely stressful. [...] I’m trying
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. I just get stressed out
about trying to fill out the papers. [Caregiver]
Caregivers particularly 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 changes were made during
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that visit, along 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
differences in 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 a comment box to encourage patients to 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.

Rutland et al

Settings and Account
These features were consistently important points of discussion
for caregivers and patients. Caregivers of multiple children with
CF wanted to be able to 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
glance I know if I’m looking at [Son’s] or I’m lookin’
at [Daughter’s], and I don’t have to go back and be
like, whose is 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.

Sharing and Privacy

News

Respondents had different opinions about sharing and privacy
within the app by role (patient vs caregiver) and age. Adolescent
patients thought that their caregivers did not need to be heavily
involved in their app usage:

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:

I’m 15, and I think it’s a great way for growing up—a
great way to learn out on your own. [...] I would learn
when to take my medications and to refill them and
different things like that.
However, some caregivers had mixed feelings: although they
wanted to give their children privacy, they also wanted to be
aware of what their children were entering in the app:
[...] still, I hate the fact that there’s things I just don’t
know. [Caregiver]
Other caregivers believed that children should not be able to
keep anything private in the app if they are not legal-age adults:
[...] as a parent, my child can’t keep anything from
me until they turn 18.
Caregivers recommended making all 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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I don’t think you can ever get too much information.
As parents, we can never get too much information.

Adapting the Genia App to Identified 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 development 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 users before
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 all changes is provided in Multimedia
Appendix 1.
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Table 2. Summary of modifications.
Type

Extent
New

Revision

Planned for 2.0 release

•
•
•
•
•
•
•
•

Emotions
Hospitalizations
Intravenous treatments
Mental health
Shortness of breath
Sinuses
Stomach
Stools

•
•
•
•
•
•
•
•
•
•
•

Airway clearance
Cough
Energy
Headache
Height and weight
Lung function
Medicine
Pain
Physical activity
School and work
Sleep

•

•

CFa-related diabetes
Diagnosis and mutations
Goals, with reminders and rewards
Vaccinations

•
•
•

“Other” option
Printing list of medications
Reorganizing medications

•
•

US-specific medications and
treatments
Multiple reminder options

•
•
•

Equipment reminders
Medication dosage
Refill reminders

Reports

•
•
•
•

Adding clinical history form
Notes for upcoming visit
Notes during visit
Weekly and monthly check-in

•

N/Ab

•

N/A

Language and presentation

•

N/A

•

•

Avatars and color options

•

Personalization with a user
name
Idiomatic English

Trackers

Treatments

Privacy

•

N/A

•

Default “do not share”

•

N/A

Settings

•

Sync other health apps

•

Parent and child track under
the same account
Technical support contact

•
•

Calendar
Clinical team contact information
Within-app messages to the
clinical team

•

a

•
•

•

CF: cystic fibrosis.

b

N/A: not applicable.

Testing the Modified Platform for Technical Issues
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 also tested that patient-generated reports in
the mobile app were correctly uploaded to the REDCap
database. The issue of data readability for the clinical team and
the research team had to be addressed as well. The development
team successfully converted the incoming patient-generated
reports into PDF files with charts, graphs, and text boxes of
tracked symptoms and raw data in .xls 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.
Beta testing of the modified Genia platform 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 already familiar with the
platform. Specifically, 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/
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anything that needs to 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 channels if health
concerns arose.
Beta testers reported bugs and issues to a contact person on the
research team who then funneled that information to the
development team. The most common issues reported by beta
testers included metric units for 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 members to
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 developers updated the app
accordingly. In addition, beta testers reported an issue with
attaching images to previsit reports, and the research team
detected a glitch in the upload of previsit reports to the REDCap
database. All these issues were fixed by app developers. A
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complete list of optimizations and removed glitches is provided
in Multimedia Appendix 1.

Development of Data Management and Clinical
Follow-Up Protocols
The clinical and research teams met with the development 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 a weekly basis. The CF nurse coordinator then
follows a patient support protocol that directs what needs to 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 a social 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
a chronic health condition [5] requires the perspectives of both
parties. Engaging end users in the development or modification
of mHealth apps can help prevent implementation challenges
and increase the likelihood of app uptake by the target audience
[40]. Engaging clinicians can ensure that mHealth solutions are
practical in clinical settings and can be integrated into the
clinical data flow within existing IT environments [21]. Other
barriers and challenges also 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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parties will facilitate realistic and attainable goals in the context
of coproduction facilitated by technology-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 Genia mirrored the preferences
of patients with CF and their caregivers reported in a previous
study [30]. Specifically, end users preferred an app with multiple
functions that facilitates access to information, automates disease
management, integrates with other apps, facilitates
communication with the health care team, and is highly
customizable to meet individual goals and preferences. Involving
end users in all stages of mHealth development 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, a file-based approach
was developed to support a multilanguage platform, and
medication and treatment lists were prepared to allow for
dynamic updates and changes in response to clinician requests
and patient preferences. The collection of patient-generated
health data was implemented according to a structure 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 repositories include hundreds of apps that claim to improve
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 technologies can have only
a minimal impact on chronic disease care and management [41].
At the same time, integration of patient-generated health data
in clinical care via mHealth solutions needs to be done in a way
that safeguards the privacy and integrity of patients in their
domestic domain [42]. mHealth platforms and patient support
systems, such as Genia, provide new opportunities for improved
self-care and clinical management of CF. However, for the
integration of mHealth solutions in 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
Participants included English-speaking patients, caregivers, and
health care providers recruited from a single pediatric CF center
in the United States. The perspectives of this convenience
sample may not be representative of all CF centers or 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 stakeholders
from other centers and regions are unlikely. In addition, focus
group participants had an opportunity to use the app only during
focus group discussions, which may have limited the scope and
depth of their experience and feedback. Finally, the project did
not address data mapping of patient-generated health data to
interoperable standards to integrate Genia-collected
patient-generated health data in 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 is an 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%), a total 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. 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
engage in care, with larger effect sizes for higher utilization within all care modalities. Additionally, there is a promising 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.
(JMIR Form Res 2021;5(1):e24662) 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 conditions in 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 a research,
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 individuals who sought help, 23.2% received no treatment
at all [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, social 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 sample from 2018 [7]. Data from the Centers for 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 techniques include Cognitive Behavioral 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 teletherapy include more convenient access, reduced
stigma, and greater scalability compared with traditional
in-person therapy [13]. Beyond teletherapy, there is also
evidence that smartphone interventions can reduce anxiety
symptoms [12]. Given the current environment with COVID-19,
the ability to reach people in need with virtual care is 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
improvements in 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
the wild” versus in controlled settings to 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 also 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 modalities will 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
because it 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 is likely 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 a medication
regimen over time; (8) 2 or more medical hospitalizations in
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the last month, due to 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 behavioral health
coaching, teletherapy, telepsychiatry, and self-guided content
and assessments, primarily via a mobile app platform. After
downloading the mobile app, users are able to 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
request or require escalation to clinical services (teletherapy or
telepsychiatry), depending on preference or clinical severity.
Examples of situations that require escalation include individuals
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 uses the 2-item and 7-item Generalized Anxiety Disorder
questionnaires (GAD-2 and GAD-7) to assess and track anxiety,
both of which have been validated and shown to have good
operating characteristics for all 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].
There is no strict guidance on administration protocol; however,
an accepted approach is to use the GAD-2 (the first 2 questions
of the GAD-7) to screen for anxiety disorders in clinical practice,
followed by the remaining 5 items of the full 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
questionnaire 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 administers the survey every 2 weeks to users who 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
questions but are still interested in accessing the Ginger services.

http://formative.jmir.org/2021/1/e24662/

XSL• FO
RenderX

Kunkle et al

Measures
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 as a response
score for each question of less than 2 (ie, a response of “not at
all” or “several days”). A positive screen was defined as a
response score for either question of 2 or greater (ie, a response
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 all or for only
several days over the past 2 weeks. As a secondary analysis for
users who screened positive at follow-up and completed a full
GAD-7 survey, we also looked at a clinically significant
reduction in score, defined as a score reduction of >5 points
[26-28].

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 metrics on virtual interactions as utilization
measures [29-31].
We categorized utilization levels based on Ginger clinical
protocols, external guidelines, and supporting literature. In
general, a typical treatment period consists of 8-12 weeks, with
weekly interactions to check in on progress. However, there are
certain situations in 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 recommendations from
the literature [17,32]. For example, Ginger clinical protocols
state that maintenance and termination can be considered if
there is a response 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
medication management and, thus, a longer 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 a behavioral 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.
JMIR Form Res 2021 | vol. 5 | iss. 1 | e24662 | p.146
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Kunkle et al

Table 1. Care modality definitions and rationale.
Category

Definition

Rationale

App only

<14 messages sent to coach and 0 clinical sessions

These are members who have not attended a clinical
session or completed a full coaching interaction.
The 14-message threshold is based on internal
analyses of what constitutes a “typical” intake
coaching session.

Minimal care utilization

<4 weeks of coaching, or the average days between interactions is 14 days, and <2 clinical sessions

These are members who have completed a coaching
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.

Coaching

≥4 weeks of coaching, and average days between interactions is ≤14 days

Coaches work to get members on a weekly schedule. Prior to 4 weeks of engagement, members are
unlikely to achieve a meaningful reduction in
symptoms.

Clinical

≥2 clinical visits

The first clinical session is generally considered an
“information gathering” intake session. Members
generally begin receiving active intervention during
their second session.

Combined

≥4 weeks of coaching, and average days between interactions is ≤14 days, and ≥2 clinical sessions

These are members who are engaged with both a
coach and clinician, meeting the criteria for both
coaching and clinical engagement.

Coaching Utilization
In our coaching-only analyses, we considered members who
had exchanged at least 14 messages with a coach and created
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categories based on both the length and the frequency of their
interaction (Textbox 1). In general, this categorization allows
us to understand associations by months of engagement, from
less than a month (“minimal”) to more than 3 months (“high”).
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Textbox 1. Categorizations for different care modality utilization.
Coaching utilization:
•

Minimal:
less than 4 weeks, or the average days between interactions is greater than 14 days

•

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:
•

Minimal:
1 session

•

Low:
2-6 sessions

•

Medium:
7-12 sessions

•

High:
13+ sessions

Combined (coaching + clinical) utilization:
•

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 the first session is generally considered
an intake session, with minimal therapeutic intervention, and
since many commercial 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. Finally, 12 sessions is
generally considered the upper limit for the recommended course
of treatment, although sessions may be extended for serious and
persistent mental illnesses that require ongoing and chronic
medication 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
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coaching-only and clinical-only model specifications, we
assigned the following values to calculate both a coach and
clinical score: minimal=0, low=1, medium=2, and high=3.
Finally, we calculated a total score (coach score + clinical score)
to categorize combined coaching and clinical utilization
(Textbox 1).

Data Management and Analysis
Data for 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 individuals who experienced
an improvement versus those who did not. We performed
chi-square 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 calculated the
Hosmer-Lemeshow goodness-of-fit statistic [34].

Ethics Statement
This is 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’s institutional review board
in accordance with the US Department of Health and Human
Services regulations 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.
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Table 2 shows descriptive characteristics of Ginger platform
users, categorized by individuals who experienced a change in
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 individuals initially 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 individuals, 756 (46.9%) experienced a decrease in anxiety
symptoms as measured by a change from a positive to a negative
GAD-2 screen. Among members who still screened positive at
follow-up (855/1611, 53.1%), a total 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
eligibility 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 also 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”) were significantly less likely 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
(N=1611)

Negative follow-up screen (n=756)

Positive follow-up screen (n=855)

Intake year, n (%)

P value
.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)

Age in years, 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)

≥65

2 (0.12)

2 (0.26)

0 (0.00)

No response

615 (38.18)

275 (36.38)

340 (39.77)

Care modality, 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 + clinical)

91 (5.65)

55 (7.28)

36 (4.21)

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

70 (29-126)

43 (16-98)

<.001

Engagement, median (IQR)

Days from intake to last inter- 56 (28-105)
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

GADa 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)

PHQb intake, n (%)
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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All participants
(N=1611)

Negative follow-up screen (n=756)

Positive follow-up screen (n=855)

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)

P value

GAD: Generalized Anxiety Disorder.

b

PHQ: 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

were not engaged with coaching or clinical services (“app
only”). A higher GAD-7 intake score was also associated with
decreased odds of improvement.

Table 3. Associations between care modality and improvement (n=1611).
Modality

a

Model 1
Odds ratioa

95% CI

App only

N/Ab

N/A

Minimal care utilization

1.45

0.98-2.12

Coaching only

1.90

1.27-2.86

Clinical

1.97

1.32-2.96

Combined

3.26

1.87-5.68

GAD-7 intake score

0.90

0.88-0.92

Odds ratio obtained by exponentiation of the regression coefficients.

b

N/A: not applicable.

A Hosmer-Lemeshow test failed to reject the null hypothesis,
indicating goodness of fit, X2 (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
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Figure 1. For all 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.

of improvement. This association remained after adjustment
for baseline severity (GAD-7 intake score).

Coaching-Only Cohort
Table 4 reports outputs for 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

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

a

Model 2
Odds ratioa

95% CI

App Only

N/Ab

N/A

Minimal

1.50

1.02-2.21

Low

1.57

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

Odds ratio obtained by exponentiation of the regression coefficients.

b

N/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.

Clinical-Only Cohort
Table 5 reports outputs for the model examining the association
between utilization and anxiety symptom improvement for the
clinical-only cohort. Compared to the minimal-utilization

reference group (those who only attended 1 therapy session),
those in the low, medium, and high utilization categories had
increased odds of improvement, with odds ratios increasing
ordinally with each category. After adjusting for GAD-7 intake
score, only the high utilization coefficient remained significant.

Table 5. Associations between clinical utilization and improvement among the clinical-only cohort (n=205).
Modality

Model 3
Odds ratioa

a

b

95% CI

App Only

N/A

N/A

Minimal (1 session)

0.75

0.29-1.92

Low (2-6 sessions)

1.91

1.13-3.21

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

Odds ratio obtained by exponentiation of the regression coefficients.

b

N/A: not applicable.

A Hosmer-Lemeshow test failed to reject the null hypothesis,
indicating goodness of fit, X2 (8, N=349)=6.44, P=.50.
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These results are shown graphically as probability of anxiety
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.

Combined (Coaching and Clinical Services) Cohort
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

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, X2 (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).
Modality

a

Model 4
Odds ratioa

95% CI

App Only

N/Ab

N/A

Minimal

1.15

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

Odds ratio obtained by exponentiation of the regression coefficients.

b

N/A: not applicable.
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Figure 4. 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.

Discussion
Principal Findings
In this study, we examined differences in anxiety outcomes by
care modality—coaching, clinical (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 all 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 also 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. This is a novel finding given the limited research
focused on text-based coaching and this form of combined care.
It also suggests that more intensive forms of digital mental
health services appear to contribute to greater improvement in
outcomes, which is important 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.
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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 effects are
for those who receive more frequent sessions. This is also
consistent with most evidence-based protocols of 8-12 sessions,
as these sessions are not always completed at a weekly cadence
[17].
Strengths of this study include the real-world setting and
relatively large sample size, which allow us to observe varying
levels of digital mental health support for anxiety among
individuals seeking care for their mental concerns. While limited
in several ways, this design has an 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 in its ability to analyze data for people
engaged in multiple modalities of care (ie, teletherapy and
text-based coaching).

Limitations
There are several limitations to this study. As our dataset is
limited to people who completed surveys, our results are not
necessarily generalizable to all members (ie, those who drop
off or do not complete surveys). Furthermore, our results cannot
generalize to individuals who do not have access to this system.
We also had a relatively large amount of missing data for 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, we were unable to study race/ethnicity, socioeconomic
status, living situation, history of trauma or other mental
illnesses, and other factors that 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. This limits 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 also 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 we include the 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, we lack a control 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 services to 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 sizes for higher utilization within all care
modalities. Additionally, there is a promising observation that
those engaged in combined care (teletherapy and text-based
coaching) have the 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 is related to a number of risk factors for chronic diseases. Given the high prevalence
of sedentary behavior in daily life, simple 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 is to 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 functions in 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 data were analyzed using both traditional null hypothesis significance testing (NHST) and Bayesian statistics. The
results suggested that the visualizations in 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+0=1.92; median 0.52; 95%
CI 0.04-1.25), whereas no change in sedentary time was more likely in the active control condition (BF+0=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−0=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 changes in sedentary behavior and may be more effective than action planning
alone. Replications with larger samples are needed to confirm these findings.
(JMIR Form Res 2021;5(1):e15369) doi:10.2196/15369
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Introduction
Background
Sedentary behavior refers to 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, a study [3] tracking 425 adults for 10 years
(2002-2004 to 2012-2014) showed that a greater increase in
sedentary behavior was associated with detrimental changes in
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
participants in 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 people’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 makes it 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 al [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 a larger scale. Therefore, simple 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 is increasing
globally [11]. As smartphones include sensors that allow for
the collection of physical activity data [12], smartphone owners
do not need additional 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 solutions for the promotion of
physical activity and the reduction of sedentary behavior is
http://formative.jmir.org/2021/1/e15369/
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increasing [14]. However, compared with the number of apps
targeting physical activity, there are only a few apps specifically
targeting sedentary behavior [15]. Moreover, as previous reviews
noted, both commercially available apps and apps developed
for research are often not grounded in theory, which might limit
their effectiveness [16]. This study, therefore, sought to develop
a mobile 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 patterns to better support sedentary behavior
change.

Action Planning for Sedentary Behavior Change
Wang et al [17] recently proposed a holistic framework for
developing digital health behavior interventions, drawing from
several classic theories of health behavior change in psychology,
such as social-cognitive theory [18,19] and the health action
process approach (HAPA; Figure 1) [18). The latter theory is
especially 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 a target behavior
[25]. In this vein, 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 al [29] offered participants visual feedback to
facilitate action planning, whereas De Cocker et al [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 several 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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.160
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plan is helpful to achieve the desired outcome; and viability,
that is, how realistic an action plan is. Fleig et al [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
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interventions. Although none of the aforementioned 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.

Figure 1. The model of the health action process approach.

Visualizations of Mobility Patterns
Human mobility patterns reflect the spatial and temporal
periodicity or routines of human activities in their daily lives
[33-35]. Mobile devices allow 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 patterns and
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 this information, 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 the idea that visualizations of sedentary behavior
data might facilitate action planning [29], a novel 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 an interactive
visualization of sedentary behavior data to 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 sensors of 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/
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are sedentary, visualizations can serve as a visual 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). Specifically, the study aims to answer 4 research
questions (RQs). The first aim is to examine the effect of SedVis
on users’ action planning for their sedentary behavior change
(RQ1). Specifically, we tested whether using the visualization
improved 3 characteristics of action plans that have been
identified as potentially impacting the effectiveness 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, we tested whether
the intervention involving visualizations and action planning is
effective in reducing sedentary behavior compared with action
planning without visualizations (RQ2). Third, because the
designed visualizations could also serve as a self-monitoring
tool, users’ engagement with the visualizations in SedVis and
its impact on users’ sedentary behavior change was investigated
(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
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.161
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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
Maps API), steps (via Google 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, a new data point was only recorded when
a change in the activity state was detected (eg, the steps increase
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or the physical activity changes). This strategy minimizes energy
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 periods during
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 also manually
restart the data collection service if the notification disappeared.

Figure 2. The always-on notification of SedVis on a user’s smartphone.

Mobility Pattern Detection
Mobility patterns refer to when, where, and how the user moves
or is sedentary, which directly corresponds to the 3 elements in
action planning (ie, when, where, and how). In SedVis, this
involved tracking of users’ moving trajectory and sedentary
place detection. The trajectories 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 a high temporal resolution for trajectory tracking.
Modern smartphones use high-precision and low-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 allow 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 office workers spend the day in a limited
number of locations (eg, home, office, and lab) where they spend
http://formative.jmir.org/2021/1/e15369/
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much time sitting. Existing services, such as the 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 data clustering 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 as in
the Fitbit 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 always-on notification (Figure 2).
In the daily visualization, the tracked trajectories and the
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.162
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detected sedentary places are shown on a map, and the
corresponding temporal information is shown using a bar chart
(as shown in Figure 3) for a single day. Specifically, sedentary
hours were marked by orange bars, and sedentary locations were
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 a blue bar and (2) the sedentary hours and
the corresponding locations once clicking on an orange bar.
Likewise, clicking the sedentary location on the map highlighted
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the corresponding sedentary hours in the bar chart. Although
the bar 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-selected days. Differing from
the daily 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).

Figure 3. The mobility patterns in the daily visualization mode.

Figure 4. The multi-day visualization.
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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 left-side corner
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of Figure 3 and Figure 4). All action plans that the user had
made were shown in a list 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).

Figure 5. The action planning function in the app.

Dashboard
From the dashboard of SedVis, participants could access all the
functionalities of the app, as shown in Figure 6. In the settings

tab, the study staff could enable intervention functions.
Passwords were used to restrict users’ access to these functions
during the study.

Figure 6. The dashboard of SedVis.

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 vs intervention; Figure 7).
Participants were assigned to 1 of the 2 groups, which
http://formative.jmir.org/2021/1/e15369/
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determined the intervention they received: group A (intervention
group), for which the visualization functions were enabled, and
group B (active control group), for which the visualization
functions were disabled. Participants were assigned to the groups
according to the enrollment time (ie, every odd number was
assigned to group A, whereas every even number was assigned
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.164
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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]. As the 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 days in
the app were excluded from the data analysis because they were
incomplete and could not be compared between participants
because of appointments being scheduled throughout the day.
During the entry interview, the participants were informed about
the purpose of the study, signed the consent form, and filled out
questionnaires on demographics and psychosocial variables
related to sedentary behavior (intention, risk perception, and
self-efficacy based on HAPA; only results for intention are
reported as it is the 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 the first 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. Finally, the study staff introduced the
functions of the app, depending on which group participants of
the session were assigned to. For group A, all the functions were
activated, including daily visualization; multi-day visualization,
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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 a daily reminder within the settings of the app when
they used it for the first time, which served as a 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
questions about their current health status, especially regarding
acute infections that might have limited their physical activity;
changes in daily routines that 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 a list 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 data related to the
study were collected. To ensure transparency of data collection,
data were recorded and stored on the participants’ smartphones
until the study was completed. The participants were shown the
data details when they transferred the data via email to the study
staff. The data remained anonymous and stored on the encrypted
server hosted in the university.

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. Participants were eligible for participation if 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 criteria were used to control
the motivation and objective ability for using the app,
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
http://formative.jmir.org/2021/1/e15369/
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inclusion criteria. In addition, the intention to change sedentary
behavior was assessed in the entry interview as a control
measure.
All 16 participants were students (9 out of 16 PhD students and
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 females and 4 males. Their mean age was
27.0 years (SD 4.0). Among the 16 participants, one was
overweight (ie, BMI>25 kg/m²), one was underweight (ie,
BMI<18.5 kg/m²), and the remaining had a normal weight (mean
BMI of 22.0 kg/m², SD 2.8).

Measures
Sedentary Behavior
Sedentary hours were assessed throughout the 3 weeks of the
study and calculated based on the step counts assessed by the
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.165
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SedVis app, which were again determined based on the Google
Activity Recognition API 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 was labeled as sedentary if less than 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 difference in 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 the rest of the paper.

Number of Action Plans

app. As participants were 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
criteria for 3 levels of specificity (ie, vague, medium specific,
and highly specific) were adapted from Fleig et al [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 al [32]. For viability, participants were asked
to rate each action plan on a scale from 1 (not realistic at all) to
4 (very realistic). For instrumentality, participants were asked
to rate each action plan on a scale from 1 (not helpful at all) to
4 (very helpful).

The total number of action plans formulated during the 2-week
intervention phase was counted automatically by the SedVis
Table 1. Coding criteria for specificity.

a

Specificity type

Vague (1a)

Medium specific (2a)

Highly specific (3a)

“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,” “Pushups,” “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 visualizations. In
addition, the timestamps of when participants made action plans
were logged, which were then used as the basis for discussing
the users’ experience with the app during the exit interview.

Intention to Change Sedentary Behavior
The participants’ intention was measured using a scale from 1
(“I do not plan to reduce my sedentary behavior at all”) to 4 (“I
do exactly plan to reduce my sedentary behavior”) following
the example in HAPA [25]. The intention was used as a control
measure, as participants were 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 Interviews
In addition, closed- and open-ended questions were used to
explore the participants’ attitudes toward the app and the study
as well as their desired features missing in the app: (1) Would
you like to receive a reminder for performing the action plans?,
(2) Do you want to continue using this app? Why?, (3) Do you
think that the logged data on sedentary time and location were
http://formative.jmir.org/2021/1/e15369/
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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 I 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,
responses were 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, participants were asked to report unexpected issues
that might have affected the data quality during the study: (1)
Were your 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.

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
correlations to account for the small sample size) and equivalent
JMIR Form Res 2021 | vol. 5 | iss. 1 | e15369 | p.166
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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 evaluated using the Wilcoxon test with the independent
variable group and the UEQ scores as dependent variables. JMP
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
hypothesis is tested [56]. Nonsignificant results might support
a null hypothesis over the alternative, or the data are just
insensitive. In contrast, BFs [57] compare the extent to which
the samples support 2 hypotheses (eg, equal or different).
Moreover, Bayesian methods allow more principled conclusions
from studies with a small sample size of novel techniques in
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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 is the ratio of likelihood probabilities.

is the probability

of the null hypothesis (H0) given the data, whereas
is the
probability of the alternative hypothesis (H1) 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 calculation methods for different
study designs can be found in the study by Rouder et al [63,64].
The default Cauchy distribution,
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 also 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−0 or BF+0) or
the two-side BF (BF01) is reported.

Figure 8. A graphical representation of a Bayes factor classification and interpretation. BF: Bayes factor; H0: null hypothesis; H1: alternative hypothesis.

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 data from one participant in group
A (A8) showed a relatively 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 data did 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.
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Participants’ Intention (Control Measure)
The participants’ intention to reduce sedentary behavior was
generally 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 H0 (appointment 1: BF01=2.34; appointment 2:
BF01=2.23; appointment 3: BF01=2.34). The results indicated
that the participants in 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; mediangroup A 8.5; meangroup A
8.9, SDgroup A 5.69; mediangroup B 5.5; meangroup B 7.8, SD group
B 6.76). BF (BF01=2.24; median 0.11; 95% CI −0.66 to 0.92)
showed weak evidence toward no difference (H0). This was the
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same case for the number of unique action plans (Z=−1.06;
P=.29; BF01=1.81; median 0.28; 95% CI −0.50 to 1.14;
mediangroup A 5.0; meangroup A 3.8, SDgroup A 2.19; mediangroup B
2.5; meangroup B 2.8, SDgroup B 2.38).
The quality of the action plans showed mixed results, as shown
in Table 2. The means of the perceived viability and
instrumentality were slightly higher in group B than in group
A. The results of the Mann-Whitney U test suggested a

statistically significant difference in perceived viability between
group A and B. BF also showed weak evidence toward
difference (H1) for perceived viability, whereas it suggested no
difference (H0) 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.

Table 2. The measurements of the quality of the action plans.
Measure

Group A,
mean (SD)

Group B,
mean (SD)

Za

P valueb

BFd01

Median

95% CI

Perceived viability

3.28 (0.68)

3.81 (0.37)

1.98

.048c

0.71

−0.67

−1.72 to 0.17

Perceived instrumentality

3.10 (0.55)

3.22 (0.73)

0.53

.60

2.13

−0.15

−1.00 to 0.59

Specificity (when)

2.55 (0.70)

1.88 (1.00)

−1.11

.27

1.05

0.51

−0.30 to 1.50

Specificity (where)

2.21 (0.82)

2.10 (0.91)

−0.11

.91

2.24

0.10

−0.68 to 0.94

—

—

Specificity (how)
a

2.99 (0.04)

3.00 (0.00)

0.88

e

.38

—

Z refers to the normalized statistic of Mann-Whitney U test.

b

P value of Mann-Whitney U test.

c

An italicized P value indicates significant difference (P<.05).

d

BF: Bayes factor.

e

—: 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
the visualizations in SedVis on the participants’ action planning
were found, except for perceived viability. BFs indicated weak
evidence toward no difference between the 2 groups, except for
perceived viability.
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. Participant
B6 further commented that she found it difficult to make action
plans for the future because she was not sure about her behavior
patterns. In addition, another 3 participants always used vague
cues to 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

•
•
•

•

•

Timepoint (eg, 4 AM)
Now
Vague time (eg, today,
tomorrow, and anytime)

•
•
•

Workplace (eg, university, lab, library, campus, garden, office, building Z, and outdoor)
Home/dormitory/kitchen
City
Park

RQ2: Changes in Participants’ Sedentary Behavior
Wilcoxon signed-rank tests showed a marginally significant
decrease in daily sedentary time in 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 in group A and 0.07 hours per day in group
B. The results of the Bayesian paired samples t test suggested
(with weak evidence) that the daily sedentary hours decreased
from the baseline week to the intervention weeks in group A
(BF+0=1.92; median 0.52; 95% CI 0.04-1.25). This is also
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•
•
•
•
•
•

Walk (eg, tea walk, walk to post, walk between lectures, walk
after lecture/meeting/lunch/dinner, 5-min walk, 6000 steps,
and 250 steps per hour)
Yoga
Cycle instead of the bus
Push-ups
Get up and stretch
Stand up for 5 min every 30 min
Jump

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=0.28; median 0.18; 95% CI 0.01-0.64;
mean 0.17, SD 1.65).
Therefore, regarding RQ2, the intervention involving
visualizations and action planning in SedVis had a positive
effect on reducing participants’ sedentary hours, with weak
evidence. Meanwhile, action planning alone had no effect on
reducing participants’ sedentary hours, with moderate evidence.
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Figure 9. 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.

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 statistically significant correlation between
participants’ checking of visualizations in SedVis with the
change in daily sedentary hours (ρ=−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 unrelated. 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 visualizations and their change in daily sedentary hours in group A.
The change of daily sedentary hours (x-axis) equals to the daily sedentary hours during the intervention weeks minus the counterparts during the baseline
week. Thus, negative values indicate a reduction in sedentary behavior.

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, visualizations yielded more perceived stimulation (BF =1.99;
median 0.62; 95% CI 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
questionnaire scales
benchmark (group A)

Group B, mean (SD) Comparison with
benchmark (group B)

Za

P valueb

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

.12

Novelty

1.22 (0.65)

Good

0.44 (0.48)

Below average

−2.28

.02 c

a

Z refers to the normalized statistic of Mann-Whitney U test.

b

P value of Mann-Whitney U test.

c

An italicized 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.
The topics of continued use of the app and reminders were 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/
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“self-monitoring is helpful/could increase self-awareness” (n=4),
“I wanted to frequently check step counts” (n=2), “I 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:
(1) “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)
“I need a reminder for enacting my plans.” The remaining 4
participants were undecided about future use. Two participants
stated that they would continue to use the app if reminders were
implemented; one participant desired a greater range of
functionalities, and one participant would have considered
continued use if 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 a reminder. 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 as they 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 a combination 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 also found no effect of daily action planning
on reducing sedentary behavior in the short term among college
students. Furthermore, the data suggested that sedentary
behavior change did not correlate with the quantity and quality
action plans. As explained by Maher and Conroy [7], one reason
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 al [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 is often coupled with other tasks demanding attention,
the action plans for reducing sedentary behavior might be easily
forgotten.
Still, SedVis may be effective in reducing sedentary behavior:
when having access to mobility pattern visualizations, the
intervention group slightly reduced sedentary hours compared
with baseline. At the same time, the control group did not show
a reduction in sedentary hours. It could thus be concluded that
visualizations might have impacted sedentary behavior by
promoting awareness when self-monitoring sedentary behavior
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[69]. This idea is supported by the association between the
change in 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 al [70] pointed out in their review on engagement
with behavior change interventions, novelty is positively related
to engagement as it prevents boredom. The inclusion of novel
and stimulating visualizations may thus indirectly influence
behavior change.
The participants’ evaluations of SedVis with visualizations were
good or excellent 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 also indicate that behavior
change techniques might differ in their effectiveness to induce
changes in 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
changes in sedentary hours in the active control group, whereas
additional feedback visualizations induced a small reduction in
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, as the 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 cues in their plans, for example, “15:00, lab, take a
walk in between experiments” and “13:00, university, walk
between lectures.” Due to the additional cues—experiment and
lectures—the plans might be easier to remember. These plans
are in line with the if-then format of implementation intentions,
which emphasize the contextual cues linking to the goal-directed
behavioral response [26,73]. As sedentary 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 plans in when, where, and how format [7,73]. However,
no prior studies have assessed potential differential effects in
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 change following
the study design. Some participants commented that making
plans every day was boring, so generating plan recommendations
might also increase user acceptance in the long term.

Rethinking Self-Monitoring, Feedback, and Reminders
As this study suggests that 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 access the daily
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 reminders for the action plans they
made would be helpful because they sometimes forgot the plans;
others thought 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 be less rigorous than using dedicated activity trackers
(eg, activPAL and ActiGraph) [45]. However, having to wear
additional devices might be inconvenient for users (eg, charging
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the device and attaching the device to 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 a smartphone’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’
sleeping time was consistent during the study. Although
participants were asked if their sleeping time was normal 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 presents the results of a user study in which the effect
of a novel 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 changes in sedentary behavior and
may be more effective than action planning alone. Future
research should thus further explore the potential 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 via novel interactions or as an adjunct to conventional interventions.
However, little is currently known about their potential role in this context.
Objective: This feasibility 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: In total, 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, families interacted with the intelligent personal assistant a total 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
refinements in relation to the timing of prompts and integrating feedback alongside the devices were suggested by families.
Conclusions: Using intelligent personal assistants to deliver health-related messages and information within the home is feasible,
with high levels of engagement reported by participating families. This novel feasibility study highlights important 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/ISRCTN16792534
(JMIR Form Res 2021;5(1):e17501) doi:10.2196/17501
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Introduction
The high incidence of childhood obesity has been well
documented, with 29% of children aged 2 to 15 years in 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 (RCTs) targeted at the home setting
[6]. The influence of parents and other family members on health
behaviors in children is well established [8,9]. Research has
highlighted the need for interventions that target children within
the home environment [10], which encourages positive
behaviors before children progress into adolescence and develop
more autonomy over their health choices and the influence of
the family context wanes [10]. Family-based interventions
typically involve target children and at least one other family
member, typically a parent [11]. Without the involvement of
family members in interventions, long-term behavior change is
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]. This is in 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 technology within
the family setting has been identified as a potential means of
enhancing the effectiveness of interventions targeting childhood
obesity [15,16] and may also present further opportunities to
increase the reach of interventions [16]. There has been a rapid
increase in interventions adopting technology, as it can provide
a cost-effective means of providing information and feedback
alongside existing interventions or can function as a stand-alone
intervention [17,18]. Children and adolescents have been
described as digital 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
generally of a lower 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].
There is 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 reasons why 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
technologies such as wearable 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) compares the
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 was an RCT that evaluated the effect of the home-based
intelligent personal assistant in families not attending a weight
management project. Randomization for both phases of
recruitment took place at the family level, with families (a parent
and 1 or 2 children) randomly allocated to an intervention or
control group. Randomization was performed by a university
staff member who was independent of the research team. Sealed,
opaque envelopes were used to randomly assign families to 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, a tablet 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 restrictions were 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 a community-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
aims to work with families in 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 via social media sites, 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 eligible families (as mentioned earlier)
were invited to take part in the study (not restricted to those
attending the SWEET project) through a number of recruitment
strategies. Local community group leaders were contacted and
asked to provide permission for a member 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 groups to 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, families who took part in phase 1 were not eligible
to take part in phase 2.

Intervention Selection
A smart speaker (Amazon Echo) and its linked intelligent
personal assistant (Amazon Alexa) were chosen as the tools for
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 a range 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.

Intervention 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 technology 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 a detailed 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 prompts and 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
recommendations in relation to physical activity [28] and dietary
habits [29]. Examples of weekly prompts or reminders and
potential ways in which the family could interact with the device
are shown in Table 1. For phase 1, the intervention 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

team of the most convenient times to receive the prompts or
reminders. Families were 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 Vitality [device-based skill] to give you a recipe—pick a simple meal and have a go
cooking with Alexa

Task

Plan your shopping list for the week and add foods to your list using Alexa

Tip

Fruit and vegetables that are fresh, frozen, or tinned all count toward your 5-a-day

Reminder

How much water have you had today?

Physical activity
Skill

Use Alexa to find some fun games that can help you be active

Task

Kids, do 10 star jumps every morning

Tip

You should aim to be active daily—try going for a 30-min walk on most days this week

Reminder

Have you been for a walk as a family 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 this intervention; rather, families were 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 also 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 interactions that may not be linked
to the goals 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-related behaviors
in both parents and children. Data collection was carried out at
local community centers or at the university by trained
researchers, and all 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) were instructed 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 a family
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 least
three weekdays of at least 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] One4All 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 changes in eating and
activity habits of family members as well as obesogenic factors
in the overall 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 Interactions and Usage
The research team was able 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 all interactions was
downloaded from the device website and anonymously stored.
The research team recorded the number of interactions and the
type of interaction. Interactions were primarily coded as relevant
(related to physical activity or diet or well-being) or nonrelevant
(ie, not related to the intended purpose of the intervention), with
relevant interactions further coded based on their theme. For
example, “How many portions of fruit and vegetables per day
should I 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 a transcript
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 possible for the research team to distinguish whether a parent
or child interacted with the device.

Intervention Acceptability
A record of any technical issues in 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 Considerations
Participants were 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 potential issue of
disclosure and unintended collection of data. No such issues
were observed during the intervention period. The search history
of the device was kept 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 SDs were 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 families attending the SWEET project were invited
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 allocated to the intervention, 2
families did not set up the device. Of those allocated 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
are described 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.

Table 2. Individual participant characteristics at baseline.
Characteristic

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)

2

a

Phase 1

a

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)

N/A: not applicable.

Phase 2
A total of 20 families from local community groups were
approached to take part, of which 16 were assessed for eligibility
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(Figure 2). Of 20 families, 15 were enrolled in the IPAP study,
with all families retained at follow-up. Participant characteristics
are described in Table 2. Overall, 80% (12/15) of adult
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.

Outcome Evaluation Measures
Physical Activity
In phase 1, 91% (10/11) of adults and 69% (11/16) of children
met the minimum inclusion criteria for 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 criteria for accelerometer 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
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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 guidelines at baseline for 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 changes in
physical activity before and after intervention (Table 3).
Adherence to 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)

Daily physical activity (minute per day)

268.5 (35.3)

234.2 (67.4)

Sedentary behavior (minute per day)

440.5 (115.5)

492.8 (52.5)

Daily physical activity (minute per day)

293.7 (57.8)

201.1 (9.5)

Sedentary behavior (minute per day)

587.6 (132.8)

531.4 (26.9)

Daily physical activity (minute per day)

260.7 (35.6)

241.8 (47.7)

Sedentary behavior (minute per day)

562.3 (10.1)

492.7 (56.6)

Daily physical activity (minute per day)

218.9 (40.7)

244.8 (33.1)

Sedentary behavior (minute per day)

513.9 (65.1)

498.3 (21.4)

Phase 1
Baseline (n=10)

Follow-up (n=6)

Phase 2
Baseline (n=14)

Follow-up (n=12)

Family Eating and Activity Habits
Questionnaire data were provided by 85% (22/26) of adult
participants at all 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 slight improvement in both the activity level score and
stimulus exposure and control for children in the intervention
group, with all other summary scores increasing across the
intervention period (Table 4).

Table 4. Change in scores for Family Eating and Activity Habits Questionnaire for adults and children in phase 2.
Characteristics

Adults, mean (SD)

Children, mean (SD)

Intervention (n=6)

Control (n=5)

Intervention (n=7)

Control (n=4)

Activity level

0.75 (2.72)

1.70 (2.11)

−1.07 (8.23)

−0.25 (6.65)

Eating style

1.80 (8.56)

5.33 (1.15)

3.33 (6.65)

−1.00 (3.00)

Eating related to internal
cues

0.83 (1.33)

0.00 (2.00)

1.14 (1.46)

−0.13 (1.55)

Stimulus exposure and con- 1.80 (4.09)
trol

1.25 (4.99)

−0.25 (6.65)

0.00 (4.63)

Process Evaluation
Device Interactions and Usage
Across phase 1 of the intervention, families who received a
smart speaker on average interacted with the intelligent 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 all device interactions were coded as
relevant in phase 1 (ie, related to diet, physical activity, or
well-being). Reminders or prompts involved the family setting
their own reminders. Examples of Skills (diet) and Skills
(physical activity) used by families across the intervention 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 families in phase 1. Device interactions across phase
2 of the intervention were much higher, with families interacting
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 Skills
related to healthy eating, for example, recipes or healthy eating
tips.

Intervention Acceptability
In total, 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 as well
try and use it for good. [Family 4, male]
...they are probably more motivated by it
[technology], so it probably is the future for the
younger generation... [Family 6, female]
Parents commented that the intelligent personal system
motivated the child to engage with the intervention:
It actually motivated her quite a bit, because she was
saying “mummy, we need to go for a family walk
now...or I need to eat my fruit or...” [Family 6,
female]
Families found the intervention content acceptable and discussed
how the prompts or reminders encouraged them to change their
behaviors in a fun way (Table 5). Families also highlighted how
they used other features, such as the skills for recipes or home
workouts (Table 5).
Families highlighted several ways to 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. The timing of prompts or reminders was
a key component of the intervention 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
families with opportunities to 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:
I still think you need the traditional ways of activity
rather than reliance on a device. [Family 6, female]
...if there was 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, female]
In terms of concerns about having a smart speaker within the
home, most parents commented that they were cautious of both
increasing engagement with technology and the potential issues
with social media and young people (Table 5). These concerns
regarding internet access or social media were more prominent
from parents than issues specific to the intelligent personal
assistants themselves:
...he’s downloading games and I don’t know what
they are—I would be quite worried; not so much that
it’s listening, I 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

Findings related 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 reminders from the research team

•
•

Using other device features

•
•
•
•

Overall device usage

•
•

“We got a prompt, quick do 10 sit ups, and I’m like come on children, everyone on the floor, let’s do
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]
“The whole jist of it was brilliant, like the wee prompts it 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 I think it is a great thing.” [Family 2, female]
“...the easy access to the workouts so that you could just do it at a time whenever it suited you.”
[Family 6, female]
“There were a couple of occasions where we asked Alexa for a healthy recipe to make something so
we made a chilli one day and we asked Alexa for a recipe ‘cos we were prompted by the device about,
you know, healthy, eating healthily and stuff...” [Family 5, male]
“[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, I said ask
Alexa, just to get her doing things for herself.” [Family 3, male]
“We probably 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 a race, get the dinner made and...” [Family 6, female]
“...but after, like, a week 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 I think were a good idea.” [Family
5, male]

Findings related to intervention optimization
Timing of prompts or reminders

•
•

Lack of feedback provided

•
•

Concerns

•
•

Increasing device usage

•
•

“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 a lot like, we do ask a lot of questions and stuff but, erm, it
didn’t seem to prompt us; maybe we were out at the time.” [Family 4, male]
“You know, if we weren’t at home..., I don’t know how many prompts there were.” [Family 7, female]
“...but what it would say to me, ‘Have you had your five a day?’ Do I shout back, ‘Yes,’ or, ‘Alexa,
yeah,’ I don’t know what way to answer...” [Family 7, female]
“If you had to log what you did, you know, because it’s fair enough, erm, you could say, ‘Right, go
for a family 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]
“I just worry about that whole side of technology, erm, never mind Alexa but all social media, erm,
in terms of how, how that can be utilised against them and I suppose that’s a worrying thing for me
as a parent...” [Family 6, female]
“I think if you find the right balance where, you know, I don’t like the idea of my kids being constantly
engaged to technology but I can see the benefit of, of that via a prompt or something like that but, you
know, I wouldn’t want them to be constantly going to Alexa...” [Family 3, male]
“You know, I think they would maybe be set challenges to do because I 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, female]
“I think if it was maybe a wee bit more personalised...I don’t actually know what I was supposed to
be doing with Alexa, you know...and maybe it was in the documentation somewhere, maybe there was
a letter written somewhere that I didn’t see, that I didn’t read.” [Family 7, female]

Practical Considerations
Most families were able to set up their user accounts and link
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
http://formative.jmir.org/2021/1/e17501/

XSL• FO
RenderX

instructions from the research team, meaning they did not
receive the intervention content. All families in phase 2
successfully set up and used the device.
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’s interactions
with the device over this period. A protocol was also 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 assistants to deliver
health-related messages and information within the home was
feasible, with high levels of engagement from participating
families. This work also highlighted methodological
considerations and opportunities for intervention improvement
moving forward.
To date, there is a paucity of research on both the development
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
Alexa/Echo) 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 parents with 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 the intelligent
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 a fun way.
Recent research has highlighted the plethora of Health and
Fitness–related apps available for smart speakers [25], with
health education, fitness 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 already developed
for these smart speakers. High levels of interaction were
observed across the intervention period, with a higher volume
of interactions in 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 a higher proportion of interactions
were coded as relevant 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 ways to 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 this feasibility study, the intervention facilitators
were members of the research team. Given the important role
of facilitators in terms of intervention outcomes [35], providing
families with 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 effectiveness 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 technology
with other types of delivery, for example, face-to-face
counseling, nutrition lessons, and so on, and from this literature,
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, assessing 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 advice from
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 options for families to log their healthy eating or physical
activity. Moving forward, studies should explore the potential
of linking these intelligent personal 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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The implementation of the intervention was dependent on a few
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 families with further guidance and ownership in relation
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 this field to adopt appropriate
methodologies that enable interventions to be effectively

Carlin et al
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 sample size,
no statistical analysis was undertaken at this stage to evaluate
the effectiveness of the intervention. Accelerometer 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 assistants to promote positive health-related behaviors
in the home setting. This work 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 a profound 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
measures to determine if any categories could serve as correlates of social anxiety disorder, generalized anxiety disorder, depression,
or general impairment.
Results: The participants were 112 adults who resided in Canada from a nonclinical population; 86 participants yielded sufficient
data for analysis. Correlations between word counts in 67 word categories and each of the 4 self-report measures revealed a strong
relationship between the usage rates of death-related words and depressive symptoms (r=0.41, P<.001). There were also interesting
correlations between rates of word usage in the categories of reward-related words with 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: 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.
(JMIR Form Res 2021;5(1):e22723) 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 experience a lower quality of life [1], and many people
unknowingly suffer from these disorders due to lack of sufficient
access to mental health care or misdiagnoses [2]. The challenge
presented by these disorders requires efforts in many areas,
including improvements to policy, funding, outreach, treatment,
and pharmacotherapy, among others. The diagnosis and
assessment of depression and anxiety disorders is also an area
where improvements may reduce suffering and improve quality
of life for those living with the disorders. In this paper, we
explore how fine-grained technology-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 the linguistic 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].
The link 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 this work,
prior work has demonstrated numerous quantifiable differences
in the acoustic properties of speech in depressed individuals
[5]. The literature also shows links between voice acoustics and
anxiety [6,7].
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The second subdomain upon which this work focused, linguistic
analysis, encompasses how an individual’s choice of words may
relate to symptoms of depression and anxiety. Given this focus,
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 analysis in the literature, has been studied
extensively in psychotherapy contexts [8]. Oxman et al [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 use is 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 desire to appease others in the effort avoid scrutiny,
which is a key fear of social anxious individuals. 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. The goal of this exploratory
study was to determine if spoken words in recordings of
participants’ environments may be used to find correlates of
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depression, social 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
criteria for the study. Participants were paid £11 (approximately
US $13.37) for participating in the study.
Participants entered a 2-week observational study in which a
custom app was installed onto their personal Android phone.
Self-report measures of anxiety, depression, and general 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 assess the severity of the exit scores, we also used the 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 scores to screen for social anxiety
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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 a number
of linguistic and psychological dimensions [24]. LIWC is a tool
which was developed to categorize words according to both
their linguistic function (ie, what part of speech a word is
functioning as a noun, 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,
are given in Table 1.
Participants’ environmental words were analyzed using all
possible LIWC categories except summary dimensions,
punctuation marks, and informal language. This resulted 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, biological processes, drives, time
orientation, relativity, and personal concerns.
Participants who completed all study tasks were included in the
analysis if 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 sexual 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.
Category

Example words

Personal pronouns

I, them, her

Common verbs

eat, come, carry

Positive emotion

love, nice, sweet

Social processes

mate, talk, they

Death

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. Due to the exploratory nature of this study, we
wished to concisely highlight potentially interesting associations
from the large 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 × 67 word categories = 268
comparisons), we considered a result statistically significant at
a Bonferroni-corrected significance level of α=.0002.

Results
Participant Demographics

of 43% females (37/86) and 57% males (49/86), and the average
participant age was 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 participants included 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 Measures
Table 2 summarizes the 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 correlations
as indicating the reliability of these measures.

Of the 112 participants who completed the study, 86 participants
yielded sufficient data for analysis. The study sample consisted
Table 2. Results of screening the study sample for depression and anxiety disorders.

a

Measure

Score, mean (SD)

Diagnostic threshold

Participants over diagnostic threshold (n=86), n (%)

Liebowitz Social Anxiety Scale

53.5 (25.3)

60

32 (37)

Generalized Anxiety Disorder–7

6.5 (4.6)

10

21 (24)

Patient Health Questionnaire–8

8.5 (5.5)

10

30 (35)

Sheehan Disability Scale

10.9 (7.8)

N/Aa

N/A

N/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. This low percentage is reasonable given that
recordings were performed throughout all hours of the day. The
average number of detected environmental words per participant

was 4379 (SD 2625). While the original 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

First quartile 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

3.7

6.2

6.8

8.0

15.5

Average number of words in recordings with speech 7.4 (2.0)
detected
http://formative.jmir.org/2021/1/e22723/

XSL• FO
RenderX

JMIR Form Res 2021 | vol. 5 | iss. 1 | e22723 | p.194
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Di Matteo et al

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 a Bonferroni-corrected significance level
of α=.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.

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). Correlations and P values for all associations, including
word rates in the positive emotion and negative emotion
categories, are presented in Multimedia Appendix 2.

Table 4. 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

death

0.16 (0.10)

0.32

.002

home

0.45 (0.14)

–0.31

.003

see

1.26 (0.28)

0.31

.003

sexual

0.22 (0.29)

–0.24

.02

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

death

0.16 (0.10)

0.41

<.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

death

0.16 (0.10)

0.28

.009

friend

0.35 (0.15)

0.24

.03

negate

2.29 (0.52)

0.23

.03

Liebowitz Social Anxiety Scale

Generalized Anxiety Disorder–7

Patient Health Questionnaire–8

Sheehan Disability Scale

Discussion
Key Findings
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 all cases, meaning
individuals 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/
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tend to use more death-related words. It is important to note
that these prior studies [26,27] analyzed only words that were
spoken or written by participants, whereas we included all the
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, this work has also
revealed 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. Specifically, individuals with
social 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-related words in 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 focus or search out and respond to rewards. The link
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 as a 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 is that
the environmental audio recorded for each participant contained
speech from any speaker in the environment—the participants
themselves but also 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 voices in the
ambient audio and this study, it is useful to first have an estimate
of how much ambient speech is typically produced by the
participant and how much comes from other sources. One study
[33], which employed a similar 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 individuals will 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
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produced by TV or other media in the environmental audio
could be a confound but may also contain useful information.
As with 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% CI 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 sadness word 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 LIWC word category
to be a significant predictor of depression diagnosis
(standardized regression coefficient β=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 helps to preserve smartphone battery life,
but it is likely that some conversations or utterances were not
captured in full. A more sophisticated sampling technique would
record for a variable 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 as well as human
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
this limitation is significant, it is important 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
acceptable validity for the use of this type of data in our
analyses.
A final limitation is related to the use of LIWC to perform the
linguistic analysis of the transcripts of environmental audio.
LIWC is a dictionary-based tool, and as such, categorizes words
without looking at contextual information that is key to human
language, ignoring sarcasm, metaphor, and analogy.

Di Matteo et al

Conclusion
This study has explored how the proportions of detected words
in ambient speech audio across different grammatical and
psychological categories may be associated with self-reported
symptoms of social anxiety, generalized anxiety, depression,
and general psychiatric impairment. We have highlighted several
potential relationships, including associations between
death-related words, reward-related word, and words related 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: We aim 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: The mask rationing plan was implemented in late January 2020. Daily production capacity was increased from 2 million
masks to 16 million masks in April 2020. People could buy 9 masks in 14 days by verification via their National Health Insurance
card. Digital face mask availability maps were 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 allocation 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.
(JMIR Form Res 2021;5(1):e21409) doi:10.2196/21409
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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]. This disease is highly contagious with protean clinical
manifestations, making it difficult to prevent disease spread
[2-4]. The Taiwanese 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 a crucial role in 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
[6,10]. 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 a mask. Furthermore, the
protective effects of wearing masks were doubted in some areas.
The protective effectiveness of wearing a mask during a mass
gathering was investigated and a relative risk of 0.89 was found
[11]. Wearing a mask was found to result in a large reduction
of infection risk (adjusted odds ratio 0.15) in a recent 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, people panic-bought masks in Taiwan.
Increased anxiety about mask shortages led to people stockpiling
masks. Thus, the shortage of mask storage, soaring prices, and
equity of allocation were important issues in 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 inadequate mask supply was also noted. In
addition to medical illness, mental health issues might arise in
response to the COVID-19 pandemic [13-16]. Reallocation and
a guarantee 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 a reduction in 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
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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 rate increased, the rationing plan evolved over
time.
To investigate the potentially psychogenic impacts of the mask
plan, we also conducted a simple survey with a 5-point scale
questionnaire 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 masks in a
7-day span in early February 2020 (Figure 2). Initially,
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]. As of 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:
The first day of the export ban on masks. (C) January 28: The first 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. (I) 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 a National 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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Figure 3. Mask rationing plan 2.0. Screenshot of a map-view software application for face mask availability. Mask purchases can be made by reservation
using a mobile 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.

Figure 4. Mask rationing plan 3.0. Adults may purchase 9 masks in a 2-week period, while 10 masks can be purchased for children in a 2-week period.
Masks can be purchased via mobile phones or from machines located in convenience stores (the typical transaction time is 1 minute). Masks can be
sent abroad.

The questionnaire was administered to 44 adults residing in
Taiwan. Table 1 shows the responses of the 44 participants to
questionnaires 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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XSL• FO
RenderX

(average score of 2.07 for question 3 and 2.98 for question 4).
Some participants felt anxious if 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 this anxiety (score 4.05
[SD 1.15], with 32 participants [72.7%] answering “agree” or
“strongly agree”). The average acceptable price was 5.23 NTD
(US $0.19) per mask and the price of each mask distributed
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participants were willing to stand in a queue to buy masks was
20.1 (SD 15.2) minutes. In addition, the majority of respondents

Tai et al
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

a

Average responsea

Participants answering disagree or
strongly disagree, n (%)

Participants answering agree or
strongly agree, n (%)

1. I believe that wearing a mask may 4.8 (0.47)
decrease the risk of infection.

0 (0)

42 (95.5)

2. I feel anxiety if I am unable to
buy masks.

3.7 (1.22)

7 (15.9)

26 (59.1)

3. I need only 3 masks for 1 week.

2.07 (1.18)

30 (68.2)

6 (13.6)

4. I need only 9 masks for 2 weeks. 2.98 (1.47)

19 (43.2)

19 (43.2)

5. I feel the price is too high.

2.75 (1.43)

19 (43.2)

11 (25)

6. A mask rationing plan will decrease my anxiety.

4.05 (1.15)

5 (11.4)

32 (72.7)

7. In general, I feel that the mask
4.2 (0.92)
rationing plan in Taiwan is satisfactory.

3 (6.8)

35 (79.5)

8. On average, how many masks do 1.03 (0.37)
you use per day?

N/Ab

N/A

9. I think a reasonable price per
mask is…

5.23 (2.71) NTD (US $0.19 [$0.1]) N/A

N/A

10. How many minutes would you
stand in a queue to buy masks?

20.1 (15.2) minutes

N/A

N/A

Responses to questions 1-7 are presented as mean (SD), where 1=strongly disagree and 5=strongly agree; questions 8-10 were open-ended questions.

b

N/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 a face mask is a straightforward
and simple measure that the general public can use to prevent
the spread of contaminated droplets and limit virus transmission.
Specialized medical masks are a critical component of personal
protective equipment in clinical settings. However, the
effectiveness of mask use among those in the general community
remains controversial [7,10,20]. Wearing masks is a common
practice in Asian countries, although this is 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 as the 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 a common
recommendation [6]. Additionally, rather than simply wearing
http://formative.jmir.org/2021/1/e21409/
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a mask due to its potential protective effectiveness, wearing a
mask may also be a symbol of safety in some countries [21].
During the COVID-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 people felt 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 problems within
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 a given number of masks was adequate was 68.2%
[n=30] for question 3 [3 masks in 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 coverings in 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 also decreased anxiety about mask shortages.
Although the specific price individuals were willing to pay per
mask and acceptable waiting time in queues to purchase masks
differed, 4 out of 5 people felt 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.

Tai et al
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 masks and a reduction 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
there is 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 still increasing when the name-based mask plan was
implemented and the mask plan contributed to the success of
Taiwan’s battle against COVID-19. In this study, we highlighted
the important timeline dates and components of this mask plan;
this may serve as a reference 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: Health 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 via social media applications, which contained questions to health care workers about
general information regarding COVID-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 less than 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 majority 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
originate from 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]. This novel 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 officially
announced the identification of a novel 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 a wide range
of symptoms, from mild to severe illness. These symptoms
include cough, shortness of breath, fever, muscle pain, chills,
sore throat, and loss 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 nausea,
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 severe illness, and 5% were critically 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 a curfew 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 rescheduled.
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
are at the front line and directly come in contact with COVID-19
patients. Consequently, they are always at high risk of infection.
The transmission of any disease among health care workers is
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 adequate 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 microorganisms and 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 Centers for
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 workers in 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 adherence to the applied curfew, and their understanding
of methods for 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 workers who
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
questionnaire was developed and distributed from April 30 to
May 14, 2020. The questionnaire covered the following items:
sociodemographic data such as age, nationality, 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 respondents were provided with a list
of established COVID-19 symptoms and asked to choose items
related to the disease. The Saudi guidelines recommend
COVID-19 testing when individuals experience severe
respiratory symptoms or flu-like symptoms, or if they come in
JMIR Form Res 2021 | vol. 5 | iss. 1 | e21220 | p.210
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
contact with positive individuals or those with flu-like
symptoms. These options were provided to the participants in
addition to “any time.” The complete questionnaire is available
as Multimedia Appendix 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
IQR for quantitative variables and frequencies and percentages
for qualitative variables. Between-group comparisons were
performed using χ2 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 al

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 majority 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”
questions. 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 workers in 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)

Isolated as a suspected case of COVID-19, n (%)

47 (8.3)

Working status during curfew, n (%)
Yes, I go to work daily

329 (58.4)

Yes, I work online

142 (25.2)

No

92 (16.3)
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Table 2. Levels of knowledge of COVID-19 among health care workers in Saudi Arabia (N=563).
Item

Agree, n (%)

Neutral, n (%)

Disagree, n (%)

COVID-19 is a pandemic

542 (96.3)

14 (2.5)

7 (1.2)

COVID-19 is more dangerous than seasonal influenza

401 (71.2)

105 (18.7)

57 (10.1)

COVID-19 is only dangerous among the elderly and patients with chronic diseases

142 (25.2)

102 (18.1)

319 (56.7)

Hand washing is effective to prevent transmission of COVID-19

544 (96.6)

17 (3)

2 (0.4)

Social distancing is effective to prevent transmission of COVID-19

547 (97.2)

13 (2.3)

3 (0.5)

Wearing face masks is effective to prevent transmission of COVID-19

438 (77.8)

100 (17.8)

25 (4.4)

Wearing hand gloves is effective to prevent transmission of COVID-19

189 (33.6)

172 (30.6)

202 (35.9)

Impending curfew is effective to prevent transmission of COVID-19

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 workers were provided a list of symptoms and asked
to select those related to COVID-19. As shown 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 a runny nose.

Figure 2 shows the responses to the question “when should a
person seek testing for COVID-19?” 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
care workers were aware of the absence of an established therapy
for COVID-19.

Figure 1. Knowledge of COVID-19 symptoms among health care workers in Saudi Arabia (N=563).
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Figure 2. Responses of health care workers in Saudi Arabia regarding the timing for seeking a COVID-19 test (N=563).

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%) health care
workers were always compliant with hand washing. With

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%) health care
workers frequently followed up with COVID-19–related news.

Table 3. Attitudes of health care workers in Saudi Arabia toward COVID-19 (N=563).
Questions

Participants, n (%)

Are you compliant with curfew regulations?
Always

461 (81.9)

Most of the time

94 (16.7)

Sometimes

5 (0.9)

No

3 (0.5)

Are you compliant with hand washing?
Always

409 (72.6)

Most of the time

138 (24.5)

Sometimes

12 (2.1)

No

4 (0.7)

Are you compliant with wearing face masks in public places?
Always

264 (46.9)

Most of the time

114 (20.2)

Sometimes

69 (12.3)

No

116 (20.6)

Do you follow COVID-19 news?
Always

290 (51.5)

Most of the time

156 (27.7)

Sometimes

93 (16.5)

No

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 hotline 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

(P=.04). The larger the city, the more compliant the participant.
Furthermore, health care workers in medium and small cities
followed COVID-19 news more than their peers in 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 cities in Saudi Arabia (N=563).
Questions

City
Large (N=459), n (%)

ORa (95% CI)

.66

0.627 (0.076-5.151)

.49

1.49 (0.471-4.716)

.04b

1.574 (1.016-2.438)

.02b

0.488 (0.262-0.907)

Medium/small (N=104), n (%)

Are you compliant to curfew regulations?
Always/most of the time

452 (98.5)

103 (99)

Sometimes/no

7 (1.5)

1 (1)

Are you compliant to hand washing?
Always/most of the time

447 (97.4)

100 (96.2)

Sometimes/no

12 (2.6)

4 (3.8)

Are you compliant to wearing face masks in public places?
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?

a

P value

Always/most of the time

355 (77.3)

91 (87.5)

Sometimes/no

104 (22.7)

13 (12.5)

OR: odds ratio.

b

Statistically significant (P<.05).

Discussion
Principal Findings
This study 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,
social 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 a novel 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
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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 were inconsistent 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 practices to 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 especially vulnerable part of
our community. Hence, it is essential to assess their knowledge
and practice and compare them to those of their peers elsewhere.
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 slightly 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
is likely 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 masks during
public activities. If these beliefs translate into practice, it could
help decrease transmission by decreasing the reproductive
number or “flattening the curve,” allowing for better utilization
of health care facilities 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. Social 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, which is at 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 available in
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 as the television, as opposed to that reported
by Khan et al [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
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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 note is
the high uniformity in the responses to the messaging, and areas
of uncertainty included low levels of knowledge and practices
in our study population. We believe that complete transparency
and clear messaging are needed for maximum benefits during
such events. This study provides a cross-sectional insight into
a relatively early stage of the pandemic, and comparisons can
potentially be made with the emergence of more data from 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 is limited by its convenience sampling
method, which might have introduced a potential 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 COVID-19 is only dangerous
in the elderly. Other areas of improvement include the
knowledge of the recommended duration of hand washing.
Compliance with precautions for 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-sectional insight into the relatively early stages of the
COVID-19 pandemic in 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 (EI) 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 (AI) and machine learning to deliver personalized mindfulness and EI training.
Objective: The main objective of this research study was to determine the effectiveness of delivering an EI curriculum and
mindfulness techniques using an AI 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. All
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%)
were required to complete Ajivar activities in addition to routine mental wellness instruction 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 a mean time of 1424 (SD 1168) minutes. There was a significant decrease in
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: It is possible to deliver EI and mindfulness training in a scalable way using the Ajivar app during the COVID-19
pandemic, resulting in improvements in anxiety, depression, and EI in the college student population.
(JMIR Form Res 2021;5(1):e25372) doi:10.2196/25372
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Introduction
Background
Students who do not perform well at college often have low
emotional intelligence (EI), even students with a high IQ. EI
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]. EI and
mindfulness can impact the level of anxiety and depression an
individual experiences. This is particularly important during
stressful times, such as during the COVID-19 pandemic. Ajivar
is an app that utilizes artificial intelligence (AI) and machine
learning (ML) to deliver personalized mindfulness and EI
training to college students. Through ongoing engagement of
the user, the app can decrease stress and anxiety while improving
performance and emotional well-being.
Anxiety and depression are ever prominent among college
students. More than 50% of the 20 million college students in
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 are further 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, a global pandemic [12]. Not only has this novel
pandemic resulted in severe health consequences, but it has also
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].
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Initial findings from the pandemic suggest that the mental health
consequences will be far reaching. Time will tell the true impact
of the social and behavioral changes experienced by college
students. Providing novel, scalable, and disruptive tools to help
this vulnerable section of the population is going to be important
if we are to prevent long-term mental health sequelae from the
pandemic.

Emotional Intelligence and Mindfulness
EI is “a set of skills hypothesized to contribute to the accurate
appraisal and expression of emotion in oneself and in others,
the effective regulation of emotion in self and others, and the
use of feelings to motivate, plan, and achieve in one’s life” [16].
The ability to accurately identify, manage, and express emotions
is the foundation of good self-esteem, healthy relationships, and
good work and academic performance [17]. EI is not commonly
taught in colleges and universities, which can inhibit students’
full potential of learning due to lack of coping skills in 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 a result, may have negative consequences on the
individual’s health, relationships, and work and school
performance [19]. EI acts as a protective factor for mental health
and is positively associated with adaptive coping styles, peer
relationships, and socioemotional competence [20]. EI also
mediates the relationship between mindfulness and depression
and anxiety in adolescents [21].
Mindfulness is a state of mind, a moment-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 mindfulness and EI is positive psychology, the science
of happiness and flourishing [26]. It is a strength-based
therapeutic approach to mental health that highlights well-being,
resiliency, and compassion, which are also key factors in Ajivar.
Previous studies utilizing different mobile apps to deliver
mindfulness and EI 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 EI curriculum and mindfulness
techniques using an AI conversation platform, Ajivar. Several
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validated and self-reported measurements of mental wellness
and EI were tracked, 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 COVID-19 pandemic began to impact students, staff,
and faculty. Another objective that presented itself because of
the pandemic was to evaluate how EI and mindfulness
techniques taught during Ajivar interactions impacted student
mental wellness and EI. The timing of the research study offered
us an opportunity to evaluate the app during a pandemic in this
population.

Methods
Study Design
Subjects included students attending a midsized liberal arts
institution in Florida, United States. The students in 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 18 to 29 years of age, and were
given routine mental wellness instructions as part of the classes.
Students in the intervention group were required to complete
Ajivar activities as part of the course requirement. The
requirement included a minimum 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 the inventory was a course requirement
in the intervention and comparison groups. During interactions
with Ajivar, the students completed assessment questionnaires
as outlined below.

Assessment Questionnaires
The TestWell Wellness Inventory
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,
social awareness, emotional management, occupational wellness,
nutrition, environmental wellness, emotional wellness, emotional
awareness, intellectual wellness, spirituality, and values.

The 9-Item Patient Health Questionnaire
The PHQ-9 is a valid, reliable, 9-item self-administered
questionnaire that evaluates the past 2 weeks’ depressive
symptoms using a scale from 0 to 3 per item [32]. The total
score is divided 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-Item Generalized Anxiety Disorder Scale
The GAD-7 scale is a valid, reliable, 7-item self-administered
questionnaire that is used as a screening tool and severity
measure for generalized anxiety disorder [33]. The scores range
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 EI [17]. As part of the Ajivar EI
curriculum that is delivered via the app, there is a proprietary
self-reported EQ assessment. This EQ assessment evaluates the
user across several categories, which include self-awareness,
self-regulation, self-efficacy, empathy, and social skills. The
score is normalized to 100, and scores are characterized as
follows: ≤39 (low EI), 40-49 (low-average EI), 50-69 (average
EI), and ≥70 (high EI).

Ajivar: An EI- and AI-Powered Life Coach
Using AI and ML, Ajivar delivers personalized EI training and
mindfulness techniques through brief conversations, videos,
and activities founded in self-help practices from positive
psychology and mindfulness. The Ajivar platform interacts with
the user in a text-based conversational format, similar to
interactions users can have with Alexa, Google Assistant,
Cortana, etc. During these interactions, the information gathered
by Ajivar helps it 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, “Ooz”)
challenges that help people get outside of their comfort zone to
increase self-esteem and acceptance.
Ajivar delivers a personalized EI 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 beliefs that the user expresses during the interactions
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
mindfulness, the app also utilizes the following components to
improve EI and resiliency:
1.

2.

3.

Personalization (ie, automated tailoring). Ajivar utilizes
ML that is based on all users’ interactions, in addition to
the specific user’s interactions, to deliver personally relevant
information and techniques based on what would benefit
the user in the specific moment.
Resiliency and EI training. The app evaluates the user’s
current level of EI (ie, EQ score) based on built-in
assessment tools and the user’s responses during
interactions. Ajivar utilizes an EI curriculum developed by
clinicians to build coping skills and resiliency that are used
to form healthy habits in the real world.
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.

JMIR Form Res 2021 | vol. 5 | iss. 1 | e25372 | p.221
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH
4.

5.

Positive affirmations. These are personalized through the
app interactions and are stored in a list for the user to review
on a regular basis to combat negative self-talk.
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 AI also gives feedback on
mood and emotions, which provides the users with 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
is not a medical device and is designed to be a support tool used
for mental well-being. Anonymized data regarding the user
interactions were provided to the researchers. This included 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 Measurements
The data were analyzed using the statistical software SPSS,
version 26 (IBM Corp) [34].

User Engagement and Attrition
There were a total of 93 students who completed the TestWell
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%). Participants that 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 engagers was 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 al
GAD-7 time series of pretest, midpoint (ie, March 2020), and
posttest scores was also evaluated.

Informed Consent and Institutional 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
participants who reported was 19.9 (SD 1.94) years; 27% (27/99)
were male and 69% (68/99) were female. 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 the first research question regarding the effectiveness
of the TestWell Wellness Inventory, ANCOVA was performed
to assess whether statistically significant differences occurred
between the intervention and comparison groups based on their
pre- and posttest scores on the Wellness Inventory. The results
were not statistically 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 the intervention
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, as did the values for the spirituality subgroup.
The results are shown in Table 1.

Table 1. Analysis of covariance of TestWell Wellness Inventory scores for each subgroup.
Subgroup

TestWell Wellness Inventory scores, mean (SD)

P value

Pretest

Posttest

Social awareness

82.32 (12.56)

88.91 (10.89)

.04

Spirituality

83.32 (13.86)

88.23 (12.74)

.04

Mental Wellness Indicators
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
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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 health in
this aggregate data. EQ scores increased 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).

a

Measure

Mean (SD)

Mean difference

P value

GAD-7 pretest

11.47 (1.85)

5.2

<.001

GAD-7 posttest

6.27 (1.44)

N/Aa

N/A

PHQ-9 pretest

10.69 (2.04)

4.0

<.001

PHQ-9 posttest

6.69 (2.41)

N/A

N/A

EQ pretest

62.87 (10.12)

–8.3

<.001

EQ posttest

71.17 (8.46)

N/A

N/A

N/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 5.9 (SD 1.44) (see Figure 1). The
Greenhouse-Geisser correction indicated statistically significant
(P=.001) within-subjects differences on the continuous variable.
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
1 and 2.

Figure 1. Repeated-measures analysis of variance for within-subjects differences in 7-item Generalized Anxiety Disorder (GAD-7) scale scores.

Discussion
Principal Findings
The findings from our study suggest that the use of Ajivar had
many positive benefits for 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 students in 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 EI 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 a remote format. This transition occurred over the
course of a few days. Further testing is suggested as the
pandemic continues. The subgroups of social 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 a greater amount of time than
was required.

Comparison With Prior Work
Previous studies utilizing different mobile apps to deliver
mindfulness and EI techniques have proven effective in a myriad
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 a significant
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
benefits was 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 al showed that behavioral 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 mindfulness meditation via an app is a more 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 EI and emotional regulation
on individuals’ experiences of life and how changing the way
a situation is perceived decreases its emotional impact [18]. The
decreases in emotional experience and behavioral expression,
which have no impact on memory, lower stress and improve
relationships.
This study confirms the findings of previous studies that showed
that mindfulness and EI 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 EI training with resulting improvements in anxiety,
depression, and EI. In contrast to the previous work, EI and
mindfulness training was delivered using AI and ML algorithms
to personalize the user journey and experience. This study also

http://formative.jmir.org/2021/1/e25372/

XSL• FO
RenderX

Sturgill et al
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-2 is a
brief version of the GAD-7 questionnaire used in this study.
When comparing GAD-7 scores in 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 these individuals.

Strengths and Limitations
Strengths of this study were the ability to use validated
instruments to measure anxiety, depression, and EI 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
This was a small 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
EI 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 results of 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 aim 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 is recommended as the 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 is an app designed to enable people 14 years and older to use relaxation tools offered by Heartfulness
Institute 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 evaluate 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’ stress levels using the Perceived Stress
Scale (PSS) and their social-emotional 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 institutional 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: ClinicalTrials.gov NCT04589520; https://clinicaltrials.gov/ct2/show/NCT04589520
(JMIR Form Res 2021;5(1):e22041) doi:10.2196/22041
KEYWORDS
Heartfulness; stress management; iOS app; social-emotional; mental health

Introduction
Stress is a major health problem around the world and is one
of the main causes of early death and disease in the United States
[1]. According to statistics from the American Institute of Stress
[2], adults experience stress that is mainly caused by job
pressure, money, health, relationships, poor nutrition, media
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overload, and sleep deprivation. About 77% of adults regularly
experience physical symptoms caused by stress, 73% regularly
experience psychological symptoms caused by stress, and 33%
report living with extreme stress. Research shows that nearly
half (49%) of all students report feeling a great deal of stress
on a daily basis, and 31% report feeling somewhat stressed [3].
Childhood and adolescence are crucial formative developmental
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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
unique in introducing practical, accessible mental wellness tools
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 via a smartphone app successfully
[6]. Additionally, a study examining the effect of mindfulness
apps versus traditional 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].
There is a wide variety of apps that provide users with the tools
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].

Iyer et al
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
aims to explore a stress management app to mitigate stress and
promote overall well-being.
Heartfulness is a heart-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 a journey to the center of the heart,
a place of inner silence. Tuning into the heart develops calmness
from within and uncovers every individual'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’ effectiveness in
a structured 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.

Figure 1. HeartBot app.
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Methods
Study Design and Setting
This study used a pre- and postsurvey completed online. The
intervention was completed remotely in a virtual 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.

Iyer et al

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 criteria to 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.

Figure 2. Study flowchart.

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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previous social-emotional wellness apps by implementing these
tools and journal writing to promote the development 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 social-emotional learning [15]. SEL: social-emotional learning.

Procedures
A total of 88 participants of mixed ages who were 14 years and
older took part in the study. Participants, who were screened to
fit the inclusion criteria, were asked to provide a written consent
(18 years or older) or assent form (younger than 18 years). They
were randomly 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 a baseline 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 a raffle 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 a margin of error for sample sizes ranging from
10 to 10,000 reduces to 10% [16].

Measures
Participant stress levels were measured using the Perceived
Stress Scale (PSS). This 10-item scale measures the degree to
which a situation in someone’s life is considered stressful [17].
The survey consists of a 5-point scale for each question, where
0=never and 4=very often, to indicate how often respondents
http://formative.jmir.org/2021/1/e22041/
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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 a greater vulnerability to
stressful life event–elicited depressive symptoms [17]. Similarly,
reliability between the collected PSS scores and PSS data norms
was about 0.78, indicating a very reliable measure.
The emotional wellness of the participants was measured using
the EPOCH (Engagement, Perseverance, Optimism,
Connectedness, and Happiness) Measure of Adolescent
Well-Being. This is a 20-item scale used to measure 5 different
positive characteristics: engagement, perseverance, optimism,
connectedness, and happiness [18]. Each question on this survey
consists of a 5-point scale, where “almost never” or “not at all
like me” is a 1 and “almost 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
emotional wellness. The test has demonstrated very high validity
and reliability, with a Cronbach α of .90, Guttman λ6 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 variables were examined for normality and
missing values. In examining the relationship between variables,
researchers can use a t test or analysis of variance (ANOVA)
to compare the means of two groups on the dependent variable
[19]. Baseline 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.
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Results

equivalence compared the average baseline characteristics for
the HeartBot and control groups.

Overview

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).

A total of 135 participants were recruited for the study. Of these,
88 participants (65.2%) completed the full 21-day challenge,
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. The initial
analysis examined the differences in the PSS and EPOCH
baseline scores in the HeartBot and control group. The baseline

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 scores increased from 19.2 to 24.7 (P<.001)
in the control group (Figure 4). This finding suggests a
significant decrease in the perceived stress in the HeartBot group
compared with the participants in 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.

One-way ANOVA examined the difference between the mean
PSS score in the HeartBot and control groups. The ANOVA
was significant (F1,82=125.76, P<.001). This result supports the
conclusion that there is a statistically 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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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. This finding indicates that the app worked on
the participants in that group and that HeartBot helped the
participants reduce perceived stress.
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Figure 5. Summary of statistics on items on the Perceived Stress Scale survey.

The descriptive data and comparison of the means in the
HeartBot group for the 5 characteristics of EPOCH showed an
increase in all 5 positive characteristics (Figure 6). The findings
indicate that the positive characteristics of perseverance,

optimism, and connectedness increased significantly in the
HeartBot group. There was also a decrease 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.

For the postintervention total EPOCH scores, the median total
EPOCH score was 89.0 for the HeartBot group and 60.5 for the
control group. There was a significant difference in the medians
of the postintervention total EPOCH scores for the HeartBot
and control groups, with Kruskal-Wallis χ21=51.0 (P<.001) and
Bonferroni correction 9.5 × 10–13.
In comparing the baseline and postintervention total EPOCH
scores for the HeartBot group, there was a significant 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 a significant 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 baseline in contrast to the postdata (HeartBot group:
t26=7.14, P<.001; control group: t27=–4.07, P<.001). When
comparing the data for minors, there was a statistically
significant difference found on the PSS at baseline in contrast
to the postdata (HeartBot group: t20=8.61, P<.001; control group:
t15=–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 scores for 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
days for 30 minutes every day based on a 21-day calendar. Apps
have been shown to provide more efficient delivery of health
care and increase treatment effectiveness [20]. This app 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 Heartfulness in schools showed a significant
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]. The results 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 global well-being and positive
affect were seen over 1 working day of using a mindfulness 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 as apps are a comparable 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
adds to the evidence that the HeartBot app can help 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
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group spent 30 minutes a day 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). Future research
could further explore the social benefits of Heartfulness and 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 a randomized controlled design with a larger
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.

Implications for 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 Heartfulness tools. Results from
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 Centre for 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 outcomes in 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 a lack
of supporting trials. The economic evaluations identified in our systematic review indicate that ADA is an appropriate intervention
for inclusion in such a trial. From a health economic point of view, it is important to make an incremental analysis comparing
such an intervention with standard care and not immediately versus another (expensive) biological treatment. Information on the
http://formative.jmir.org/2021/1/e13888/
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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 a trial with biologicals in pediatric patients, including making a distinction according to disease severity. Conducting an
economic literature review enabled us to 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 trial.
Trial Registration: ClinicalTrials.gov NCT02852694; https://clinicaltrials.gov/ct2/show/NCT02852694
(JMIR Form Res 2021;5(1):e13888) doi:10.2196/13888
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 as adalimumab (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 – a treatment strategy) aims to 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 versus AZA/6-MP in low-risk patients and
(2) MTX versus ADA in high-risk patients. Patients are eligible
if aged 6 to 17 years with new-onset (<6 months)
treatment-naïve active and/or perianal 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. Individual informed consent is obtained
before participation in the study. Patients 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. This trial has been reviewed and approved by
the National Ethics Services of participating countries and is
prospectively registered (ClinicalTrials.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 allow the performance of a full health
technology assessment (HTA). The European Network for HTA
http://formative.jmir.org/2021/1/e13888/
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(EUnetHTA) describes HTA as “a multidisciplinary process
that summarizes information about the medical, social, economic
and ethical issues related to the use of a health technology in a
systematic, transparent, unbiased, robust manner. Its aim is to
inform the formulation of safe, effective, health policies that
are patient focused and seek to achieve best value. Despite its
policy goals, HTA must always 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. This economic
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-effectiveness ratio (ICER) is calculated using the following
general formula:
ICER=IC/IE=(CInt−CComp)/(EInt−EComp)
with C being the costs, Comp the comparator, E the effects, IC
the incremental cost, IE the incremental effect, and Int the
intervention.
This formula shows that the focus should be on the incremental
elements, that is, those that differ between the compared
alternatives. Economic evaluations can be performed from
different perspectives. As mentioned in the EUnetHTA guideline
on methods for health economic evaluations [3], “economic
evaluations should at minimum be conducted from a health 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 Literature to 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-RISK 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
literature is transparently presented. No official review protocol
was established for the systematic review. The findings 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 (QALYs) gained. No restrictions were applied to the
comparator. Studies were 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. As summarized in an EUnetHTA guideline providing
an overview of national guidelines for 25 countries, “all
countries except four specify that the preferred outcome measure
is QALYs or both QALYs and life years. Of the four countries
with guidelines that do not announce QALYs as a preferred
method, at least three accept QALYs in 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
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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 allow for a proper
evaluation. No time restriction was imposed. English, French,
German, and Dutch papers were eligible.
Various databases were consulted. In February 2016, before the
final protocol was set up, reviews on this topic were searched
by consulting the Centre for Reviews and Dissemination (CRD)
HTA database and HTA institute 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’s National Health Service Economic Evaluation 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 available 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 elements that 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
basis for a further critical assessment. On the basis of the results
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 presents the 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 institutes. Information from 3 journal papers [13-15] and
1 report [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.

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
conflicts of interest. All studies were 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 a combination of an initial decision tree and a Markov
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component. For the long-term models, applied discount rates
are in agreement with national recommendations in all but one
of the analyses. In this study, the manufacturer assumed an
annual discount rate of 3% for both health and cost outcomes,
although the Canadian Agency for Drugs and Technologies in
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.

JMIR Form Res 2021 | vol. 5 | iss. 1 | e13888 | p.240
(page number not for citation purposes)

JMIR FORMATIVE RESEARCH

Neyt et al

Table 1. General information on the identified economic evaluations.
CoIa

Analytic technique

United Kingdom

No

CUAc

Markov

Lifetime

3.5

AbbVie submissiond

N/Ae

Yes

CUA

Markov

10 years

3.5

MSDf submissiond

N/A

Yes

CUA

Decision
tree+Markov

10 years

3.5

Assasi et al [18]

Canada

No

CUA

Markov

5 years

5

Bodger et al [23]

United Kingdom

No

CUA

Markov

Lifetime (60 years)

3.5

CADTH [19]

Canada

Yes or nog

CUA

Markov

10 years

3

Dretzke et al [20]

United Kingdom

No

CUA

Markov

1 year

—h

N/A

Yes

CUA

Markov

1 year (56 weeks)

—

Essat et al [21]

United Kingdom

Yes or noj

CUA

Decision
tree+Markov

10 years

3.5

Kaplan et al [24]

United States

Yes

CUA

Decision tree

1 year

—

Loftus et al [25]

United Kingdom

Yes

CUA

Regression model

1 year

3.5

Rafia et al [22]

United Kingdom

Yes or noj

CUA

Decision
tree+Markov

10 years

3.5

Stawowczyk et al [26]

Poland

No

CUA

Markov

30 years

Costs: 5; Effects: 3.5

Tang et al [27]

United States

Not declared CUA

Decision tree

1 year (54 weeks)

—

Yu et al [28]

United States

Yes

Decision tree

1 year (56 weeks)

—

Study

Archer et al [17]

Abbott submissioni

a

Country

Design

Time horizon

Discount
rateb (%)

CUA

CoI: conflict of interest.

b

Discount rate for both costs and effects, unless otherwise mentioned.

c

CUA: cost-utility analysis.

d

The AbbVie and MSD submissions are part of the report published by Archer et al [17].

e

N/A: not applicable. This submission is part of the UK report in which it was published.

f

MSD: Merck Sharp & Dohme.

g

Submission by the manufacturer reviewed by the CADTH team (Common Drug Review Analyses).

h

No discount rate is applied because of the short time horizon of 1 year.

i

Abbott submission is part of the report published by Dretzke et al [20].

j

The manufacturer submitted a model-based health economic analysis as part of their submission, which was then evaluated by a team of researchers
from the School of Health and Related Research.

Population and Compared Interventions
None of the studies included a pediatric population. The primary
economic evaluations investigated treatment strategies for adult
patients (average age 35-40 years and average weight 69-77 kg)
with moderate-to-severe UC or CD. In two studies, a secondary
analysis is 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 patients failed (intolerance,
inadequate response, or loss of response) to respond to standard
therapy before ADA was considered. In all but 3 studies
[24,27,28] and the MSD submission [17], conventional
nonbiological therapy is considered as a comparator. This
usually exists as a mix of 5-aminosalicylates (5-ASAs),
corticosteroids, and immunosuppressants. In 2 studies, only
biologicals are included [24,28]. The study by Kaplan et al [24]
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considered whether dose escalation of infliximab (IFX; to 10
mg/kg every 8 weeks) is a cost-effective strategy compared with
ADA initiation after loss of response to 5 mg/kg of IFX. In
addition, Yu et al [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 as a maintenance
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 al [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) is considered as an initial treatment option. In these
studies, surgery is included as an alternative treatment strategy
and a downstream component of the pathway for patients in the
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
are IFX, golimumab, and vedolizumab. Certolizumab pegol and
natalizumab are also included in individual studies. In most
studies, ADA was administered as follows: 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
a managed 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) trial [29]). This was then multiplied
by an 8-hour workday and an average hourly wage in the United
Kingdom of £13.00 (US $17.6) [25]. Stawowczyk et al [26]
included indirect costs based on an unpublished study carried
out in Poland on 202 patients with UC. Indirect costs included
absenteeism, presenteeism, and leaving the labor market earlier.
Yearly indirect costs for remitted patients counted as PLN 6524
(US $1767) [26]. For patients with active disease, this was 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 is lower than 100 mg
of IFX in the studies for the United Kingdom [17,21,22] and
Canada [18,19], this is the opposite in all US studies [24,27,28].
However, IFX is assumed to be administered in a day-case
setting, whereas ADA can be self-administered subcutaneously.
As a result, the total treatment costs with IFX are not always
lower if administration costs are also 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 al [17], SC in the
induction phase of 8 weeks, consisting of 5-ASAs, AZA, 6-MP,
and prednisolone, costs £167.6 (US $227.4). In the maintenance
phase of 26 weeks, this is £343.8 (US $466.4). The same use
of background therapies is 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 a total 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 (balsalazide,
mesalazine, olsalazine, sulfasalazine, 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 a cost of £52.62 (US $71.4) per induction cycle
and £70.16 (US $95.2) per maintenance cycle, which is halved
(£35.08 [US $47.6]) for patients while receiving biological
treatment. In 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 minimal 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 studies include surgery as an event in their
model, without providing further details on the type of
hospitalization. A wide range of costs is 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 al [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 Rafia et al [22], and CAD 19,269 (US $15,171)
in the CADTH study [19].

Incremental Costs Related to AEs
Archer et al [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
from the ULTRA2 trial [31]) [17]. In addition, the manufacturer
highlights that the exclusion of these events represents a
conservative assumption as “the ULTRA2 trial reported slightly
higher incidences of serious and severe AEs in the placebo arm
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than in the adalimumab arm of the trial; 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 ULTRA2 trial [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] also
indicate that the impact of AEs on the ICER is minimal. Finally,
Tang et al [27] mention that they are not aware of evidence that
demonstrates large differences in the proportion of adverse drug
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
be included 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 al [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 values reported by Woehl et al [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 al [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%
CI 0.58-0.78), and severe disease 0.45 (95% CI 0.35-0.55).
Archer et al [17] extracted the following mean EQ-5D scores
from the study of Woehl et al [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 al [32] and Swinburn et al [33],
a variety of other sources and assumptions were used in the
other identified economic evaluations. We refer to section 2.3.5
of Multimedia Appendix 1 for further details. Most economic
evaluations refer to the study of Gregor et al [34] to retrieve
relevant utility values. They used the time trade-off (TTO),
Standard Gamble (SG), and Visual Analog Scale (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 al [20] used the TTO values. The results for the SG
technique were as follows: 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 scores for 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 al [23] mapped the midpoint CD Activity Index
(CDAI) scores to EQ-5D utility scores. An algorithm developed
by Buxton et al [35] was used (EQ-5D=0.9168−0.0012×CDAI).
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 developed
this algorithm.
Finally, large differences are observed in the postsurgery
remission utility values. Several studies assign 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,
the utility value for postcolectomy remission (0.60) was assumed
to be equal to the utility value for late complications
(postcolectomy). Similar values for postsurgery remission were
assumed in the study discussed in the CADTH report (0.67)
[19] and in the studies by Essat et al (0.60) [21], Rafia et al
(0.57) [22], and Stawowczyk et al (0.61) [26], whereas remission
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
The treatment effect of the included studies was based on a wide
range of sources. An overview of the trials is provided in
Multimedia Appendix 1. Several 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 Assasi et al [18], the initial
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 al [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
trials were used to estimate remission and response rates. Bodger
et al [23] and Dretzke et al [20] selected the ACCENT I trial
[39] to model the IFX arm and the CHARM trial [29] for ADA.
This was also the case in the study by Kaplan et al [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 studies refer to
the CHARM trial [29] for information on ADA, Stawowczyk
et al [26] referred to the ULTRA 2 study [31] for estimates of
response and remission with ADA or SC.
Yu et al [28] relied on data from the CHARM [41] and
ACCENT I [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 I [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 as those in 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 MSD submissions, “patients who
have previously achieved a response 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 lose response during any given
model cycle.”

Neyt et al
several issues in the indirect treatment comparison and
assumptions that might bias the results in the favor of
golimumab [19].
Dretzke et al [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].

Incremental Cost-Effectiveness Ratios

Kaplan et al [24] estimated that IFX dose escalation yielded
0.03 extra QALYs compared with the ADA strategy. However,
in combination with an extra cost of more than $10,000, this
results in an ICER of more than $330,000 per QALY [24].

In this overview, we focus 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 also includes overview tables presenting the results
of the identified economic evaluations.

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 Archer et al [17], when colectomy is an
alternative, colectomy is expected to dominate IFX, ADA,
golimumab, and conventional nonbiological treatments. When
elective colectomy is not an acceptable or preferred option, IFX
and golimumab are expected to be ruled out because of
dominance. The ICER of ADA versus conventional
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 al [18] calculated that usual care created the lowest
expected QALYs. 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.
According to Bodger et al [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
http://formative.jmir.org/2021/1/e13888/
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In the study by Rafia et al [22], ADA provided 0.21 additional
QALYs in 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 QALYs in comparison with
ADA for an additional cost of approximately £4400
(approximately US $6000), leading to an ICER of almost
£116,000 (approximately US $157,000) per QALY [22].
In addition, the study of Stawowczyk et al [26] indicated that
ADA is more effective 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 al [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 QALYs with overlapping
95% CIs. 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 QALYs and saves approximately $4900 in
comparison with IFX. On the basis of the probabilistic analysis,
ADA dominates IFX in approximately 94% of the simulations
and is the preferred biological treatment option [28].
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Uncertainty
Almost all 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 al [24]
did not perform a probabilistic sensitivity analysis.
Multimedia Appendix 1 gives an overview of the most
determining variables, as indicated 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 the treatment 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-effectiveness of ADA. A major strength is that this exercise
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 the trial.
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 Identified 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
analysis for 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. The lack 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. This makes the conduct of the REDUCE-RISK
trial, which includes patients aged 6 to 17 years, very
worthwhile.

Severity of Disease
Almost all 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 al [25] performed calculations for severe CD and
moderate-to-severe CD. They did not perform a separate analysis
for the moderate CD patients. Such a distinction is important
in economic evaluations as applying the same relative treatment
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effect to a higher baseline risk for a specific event results in 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 al [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]. In the study by Assasi et al [18], the ICER of ADA
versus usual care is relatively 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). In the study by Bodger et al [23], IFX is dominated
by ADA.
In the study by Dretzke et al [20], IFX and ADA are not
mutually compared. However, the findings of the economic
model were in 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
is not an option [21].
The results of the study by Rafia et al [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, in the study by Yu et al [28] based on the probabilistic
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. Finally, Loftus et al [25]
and Stawowczyk et al [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 is important 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 biologicals with 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 a health 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 on the CLASSIC I [43], CHARM [29],
and ACCENT I [39,42] trials, respectively. However, comparing
outcomes from individual treatment arms of separate trials might
bias the results, and the direction of this bias is unknown.
Head-to-head RCTs are needed to allow an unbiased comparison
of biological therapy with SC. It is also necessary to set up
reliable health economic models to estimate the intervention’s
cost-effectiveness. The REDUCE-RISK trial 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
QALYs [44]. The health-related quality of life (HRQoL) aspects
of the QALY were captured in a HRQoL weight. On the basis
of the review of guidelines used by EUnetHTA partners, EQ-5D
is the most commonly recommended instrument for deriving
HRQoL weights, although other instruments are also mentioned
(eg, Health Utility Index, Short-Form 6-Dimension, or
15-dimensional) [44].
A major limitation is that none of the underlying trials measured
QoL with a generic utility instrument. As a result, 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 al [21] reported that the utility
value in postsurgical remission was lower than for moderate or
severe disease (0.60 vs 0.68), which appears to be inconsistent.
Bodger et al [23] transformed CDAI scores to utilities, based
on an algorithm developed by Buxton et al [35]. In this study,
the correlation between CDAI and EQ-5D is −0.62, and 29%
of the variability in EQ-5D scores is explained by CDAI [35].
However, Buxton et al [35] mention in their discussion that
“based on the variance explained, the relationships 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 its relatively 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 al [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 questionnaire in the research protocol (see the 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 a substantial 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 costs was likely substantially underestimated
because only work missed during hospitalization was included.
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 costs were included in the model, the cost-effectiveness
of anti-TNFs compared with that of usual care likely would
have been lower. In addition, Yu et al [28] claim that reliable
data sources to include the impact 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 are included in the research
protocol of the REDUCE-RISK trial.

Added Elements in the REDUCE-RISK Trial Research
Protocol
As recommended by the EUnetHTA guidelines on HRQoL [46],
future studies should include a generic utility instrument in
complement to disease-specific questionnaires to adequately
capture the impact of a disease on daily life. Including a generic
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 al [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, differences in 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 this as a
research priority. Following the EUnetHTA guidelines on
HRQoL [46], such information will be included in the
REDUCE-RISK trial through the inclusion of the generic EQ-5D
questionnaire.
In patients with CD and UC, a study by Stark et al [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 generates valid, reliable,
and responsive preference-based evaluations of health in CD
and UC. The EQ-VAS scores were more responsive than EQ-5D
index scores, and thus, small health 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 also 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 life in 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 a financial point of view,
the EQ-5D could be used free of charge for this study.
Three EQ-5D questionnaires are included: the EQ-5D-Y (youth
version), EQ-5D-Y proxy1, and EQ-5D-5L.
1.

2.

3.

The EQ-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].
In the youngest children (<8 years), it is not possible to
apply a self-completing questionnaire. We ask one of the
parents to fill in the proxy version. The proxy rates how he
or she rates the child’s health. “The use of proxies, such as
caregivers or family, should be avoided where possible.
However, the use of proxies for 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 able to evaluate the agreement between
self- and proxy-reports of the EQ-5D-Y questionnaire.
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 the identified studies, and thus, the impact is unclear.
Davidson et al [52] stated that the most relevant outcome
measure to use for 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 replace the 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 measurements were made at baseline and 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 a sample version
is available in section 3.1 of Multimedia Appendix 1.

School Attendance
A review of the economic literature indicates that indirect costs
might represent a substantial portion of costs related to CD and
UC but that the impact of different treatment options on such
costs is lacking. As the patient population in the REDUCE-RISK
trial is restricted to children and adolescents aged 6 to 17 years,
indirect costs do not immediately relate to the patient’s
productivity. Instead, we try to measure the impact on a patient’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 IBD
reported feeling as if they were not academically successful
(P<.018), and students with ulcerative colitis reported irregular
class attendance (P<.043).” [58]. The third 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
questionnaire that was validated for use in children with CD or
UC. The SACQ questionnaire is a 67-item, self-report
questionnaire that is for college students and is mainly used at
universities for routine freshman screening. This is 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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reasons for missing school. However, the questions posed clearly
indicate that this questionnaire of school attendance is not well
placed to apply in a population of sick children (eg, “Are your
parents aware of this attendance percentage?” or “Are you 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]. This is not 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 the international REDUCE-RISK trial. Therefore, a de
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
questionnaire. Nevertheless, the choice was made to use this
new instrument because we preferred to take the initiative to
try to measure the impact with a nonvalidated instrument instead
of not trying to measure this important aspect. The school
attendance questionnaire consists of a version that is used at the
first visit and a version to be used at the follow-up visits.
The parents filled in the questionnaire. First, we asked them to
give a general picture of a typical school week to be able to
have a view on the number of days the child goes to school in
a typical week (exclusive home education) and the presence of
home schooling (or home education). The aim of the
questionnaire is to estimate the impact of IBD (CD and UC)
and its treatment on school attendance and home education. The
questions are related to the following: the presence and amount
of home education; whether home education is because 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 participants with accurate recall, the ISPOR guidelines
[4] recommend economic investigators to consider using
memory aids such as diaries to record medical visits and events.
Investigators should inform participants that they will be asked
to report this information throughout the trial [61]. In line with
this recommendation, 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.

Neyt et al
Further details on the timing of the measurements and a sample
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)
questionnaire [65] is a self-administered questionnaire assessing
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 a caregiver 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
questionnaire 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 actually 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
calculated 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 variables will be combined in a trial-based
economic evaluation calculating the intervention’s incremental
costs, effects, and ICERs, both from a health care payer and
societal perspective. Guidelines for performing economic
evaluations will be followed. 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 a systematic
literature review supports researchers in setting up a research
protocol. In our case, the results of the literature review helped
us to identify important variables for which evidence should be
gathered in the REDUCE-RISK trial to allow the performance
of a high-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.
[PDF File (Adobe PDF File), 1656 KB - formative_v5i1e13888_app1.pdf ]
Multimedia Appendix 2
Included and excluded studies (and reasons for exclusion).
[DOCX File , 35 KB - formative_v5i1e13888_app2.docx ]
Multimedia Appendix 3
PRISMA-2009-Checklist (literature review economic part REDUCE-RISK trial).
[DOC File , 194 KB - formative_v5i1e13888_app3.doc ]
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Related Article:
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” (JMIR Formative Research
2020;4(12):e25469) the authors noted one error. In the 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 visits and 1.2% (n=3) decided to postpone
care until in-person visit availability. Patient age
correlated with chosen visit type (P<.001; 95% CI
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/
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RenderX

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 visits and 1.2% (n=3) decided to postpone
care until in-person visit availability. Patient age
correlated with chosen visit type (P<.001; 95% CI
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% CI 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 JMIR Publications website on January 27, 2021, together
with the publication of this correction notice. Because this was
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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