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Abstract

Background: Fitnesstrackersand smart watches are frequently used to collect datain longitudinal medical studies. They allow
continuous recording in real-life settings, potentially revealing previously uncaptured variabilities of biophysiological parameters
and diseases. Adequate device accuracy is a prerequisite for meaningful research.

Objective: This study aims to assess the heart rate recording accuracy in two previously unvalidated devices: Fitbit Charge 4
and Samsung Galaxy Watch Active2.

Methods: Participants performed a study protocol comprising 5 resting and sedentary, 2 low-intensity, and 3 high-intensity
exercise phases, lasting an average of 19 minutes 27 seconds. Participants wore two wearables simultaneously during all activities:
Fitbit Charge 4 and Samsung Galaxy Watch Active2. Reference heart rate data were recorded using amedically certified Holter
electrocardiogram. The data of the reference and evaluated devices were synchronized and compared at 1-second intervals. The
mean, mean absol ute error, mean absol ute percentage error, Lin concordance correl ation coefficient, Pearson correl ation coefficient,
and Bland-Altman plots were analyzed.

Results: A total of 23 healthy adults (mean age 24.2, SD 4.6 years) participated in our study. Overall, and across al activities,
the Fitbit Charge 4 slightly underestimated the heart rate, whereas the Samsung Galaxy Watch Active2 overestimated it (-1.66
beats per minute[bpm]/3.84 bpm). The Fithit Charge 4 achieved alower mean absolute error during resting and sedentary activities
(seated rest: 7.8 vs 9.4; typing: 8.1 vs 11.6; laying down [left]: 7.2 vs 9.4; laying down [back]: 6.0 vs 8.6; and walking slowly:
6.8 vs 7.7 bpm), whereas the Samsung Galaxy Watch Active? performed better during and after low- and high-intensity activities
(standing up: 12.3 vs 9.0; walking fast: 6.1 vs 5.8; stairs: 8.8 vs 6.9; squats: 15.7 vs 6.1; resting: 9.6 vs 5.6 bpm).

Conclusions: Device accuracy varied with activity. Overall, both devices achieved a mean absolute percentage error of just
<10%. Thus, they were considered to produce valid results based on the limits established by previous work in the field. Neither
device reached sufficient accuracy during seated rest or keyboard typing. Thus, both devices may be eligible for usein respective
studies; however, researchers should consider their individual study requirements.

(JMIR Form Res 2022;6(3):€33635) doi:10.2196/33635

KEYWORDS

wearable validation; heart rate validation; Fitbit Charge 4; Samsung Galaxy Watch Active2; heart rate accuracy; fitness tracker
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Introduction

Background

Wearables such as smart watches and fitness trackers enable
data recording in real-life settings, where biomedical signals
cannot be easily captured with conventional or clinical devices.
They can provide unobtrusive, economic, high-resolution,
longitudinal recording capabilitiesfor various signals, including
accelerometer and photoplethysmogram (PPG) data[1,2]. This
makes them particularly interesting for use in longitudinal
medical studiesand biomedical research. Observational studies
especiadly benefit from the unobtrusive and longitudinal
recording characteristics of fitnesstrackers and wearables across
a variety of medical disciplines [3-9]. In addition to clinical
studies, fitness trackers are also usable in other applications.
These include activity feedback, activity promotion, weight
management, disease monitoring, disease diagnostics, stress
and sleep monitoring, and health care surveillance [10-15].

An important prerequisite for the use of wearables in studies
and connected applicationsis adequate accuracy and, thus, data
quality. Without sufficient validation, the reliability of the
recorded data is unknown, which is the case for many modern
end consumer devices. Thus, stringent upfront validation is not
only a necessity for meaningful research but also prospective
applications.

Related Work

TheFitbit Charge HR series (Fithit) isone of the most frequently
validated devices. The study by Lee [16] reviewed the first
device generation with 10 college students under free-living
conditions. Each participant was asked to conduct normal day
activitiesfor 8 hours, and the heart rate (HR) was recorded and
evaluated every minute against a Polar HR chest strap monitor.
They concluded that the device was not accurate, with a mean
absolute percentage error (MAPE) of 9.17% (SD 10.9%) when
worn on the nondominant hand. Brazendale et a [17] evaluated
the HR measurements of 39 children. The evaluation was
performed on a per-minute basis, and the MAPE was reported
as 6.9%. Thus, the authors concluded that wearable fitness
trackers provide HR measurements comparablewith acriterion
field—based measure.

The data of 50 intensive care unit patients monitored over 24
hourswere used for evaluation by Kroll et a [15]. They recorded
HR values every 5 minutes and identified a median difference
of 1 beats per minute (bpm) between the derived HR of the
fitness tracker and the electrocardiogram (ECG)—derived HR.

A higher comparison frequency was chosen by Jo et a [18]. By
measuring and comparing the HR every second, 24 participants
completed a 77-minute protocol comprising several activities,
including cycling, walking, jogging, running, and other sports
exercises. A 12-lead ECG served as the criterion device. The
authors reported a mean bias of —8.8 bpm and concluded that
the device by Fitbit does not satisfy the validity criteria,
particularly during higher exercise intensities.

The second release of the Fithit Charge HR serieswas evaluated
by Reddy et a [19], Thomson et a [20], and Benedetto et al
[21], yielding different results on the device accuracy. To the

https://formative.jmir.org/2022/3/e33635
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best of our knowledge, the only validation study for Fitbit
Charge 3 was performed by Muggeridge et al [22], who stated
that the Fitbit Charge 3 performed well only during resting and
walking-like conditions but otherwise assessed the accuracy to
be overall poor.

To the best of our knowledge, no validation studies on the
Samsung Galaxy Watch Active series exist as of today.
However, other Samsung smart watches have been validated in
the past. The measurements of the Samsung Gear S were
investigated by Wallen et a [23], with 22 participants in rest,
walking, running, and cycling. Out of a total of 4 devices,
Samsung Gear S demonstrated the greatest variability in HR
measurements. Shcherbina et a [24] examined the Samsung
Gear S2 among 6 other deviceswith 60 participantsfrom diverse
backgrounds, performing arange of activities, including sitting,
walking, running, and cycling. Of the validated devices in the
study, Samsung Gear S2 showed the highest overal error,
particularly during sitting. In another study by El-Amrawy and
Nounou [25], the device also showed the lowest accuracy
compared with 17 other devices and a clinical pulse oximeter
as acriterion device.

Objective

Thevalidation study presented here was conducted asan initial
groundwork for alarge-scale observational study in obstetrics.
As a pilot study, we aim to assess the performance of the
selected devices in a healthy population to initially determine
eigibility for longitudinal medical studiesin general. We were
particularly interested in the performance and accuracy of HR
measurements, which are analyzed in detail in the following
sections. This work is the first to validate the Fitbit Charge 4
and Samsung Galaxy Watch Active2 (Samsung Group).

Methods

Overview

Details on the participants, experimental procedure, used
devices, validation metrics, processing, and evaluation are
outlined in the following sections. Where applicable and
possible, we adhered to several common grounds, guidelines,
and best practicesfor wearable HR validation, which have been
published in the more recent past [2,12,26].

Ethics Approval

The study was approved by the ethics committee of
Friedrich-Alexander Universitat Erlangen-Nirnberg (106 13
B). The participants provided informed consent to participate.

Recruitment

Recruitment was conducted viamailing listsand direct contact.
We were unabl e to perform a power calculation for sample size
estimation as the selected devices have not been investigated
inthe past, and thus, no information on effect sizes or variances
was available. Consequently, we aimed at a sample size of
approximately 20 to 25 participants, which is in line with
previous HR evaluation studies [18,19,22,27,28]. Exclusion
criteriawas amajor underlying medical condition affecting the
participants physical capability or increasing therisk of injury.
Assessment was conducted using the Physical Activity
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Readiness Questionnaire [29]. Ultimately, 23 participants were
recruited.

Devices and Gold Standard

We aimed to investigate the accuracy of Fitbit Charge 4 and
Samsung Galaxy Watch Active2. Fitbit Charge 4 was released
in March 2020. According to the manufacturer, it has a battery
runtime of up to 7 days, which makesit particularly interesting
for longitudinal studies[30].

The Galaxy Watch Active2 isasmart watch using Tizen OS as
the operating system. Its PPG sensor uses 8 photodiodes [31].
The smart watch is available in several sizes and editions; our
study used a40 mm-sized version without long-term evolution.
Furthermore, the deviceisableto record the ECGs. It is possible
to derive blood pressure measurements through the PPG sensor;
an upfront validation with a blood pressure cuff is required
beforehand, and it is recommended to repeat this validation
every 4 weeks [32,33]. Tizen OS is extendable, and a
documentation of severa available application programming
interfaces (APIs) to create custom applications and interact with
the deviceis available on the web [34]. Thisincludes functions
for accessing nearly all the built-in sensors. The available
functions are not limited to the reading of HR and RR intervals
but also allow raw data access to nearly all built-in sensors,
particularly the PPG sensor. These features make the device
interesting for medical studies, astheir own algorithmsfor data
processing can be used.

A Mind MediaNeXus-10 MKI (Mind Media BV) was used as
the gold standard. The ECG Holter deviceisacertified medical
device of class 2a (EU). Data are transferred in real time via
Bluetooth to a computer running a manufacturer-supplied
software called Biotrace+ (Mind Media) [35], which displays
and allows the export of HR, heart rate variability, and ECG
data

Study Procedure

The study was conducted in an indoor laboratory environment
on 7 different days between July 30, 2020, and September 21,
2020. As the data recording was conducted during summer
without air conditioning, ambient temperatureswere comparably
high for Northern Bavaria, causing sweaty skin surfacesin some
cases. This caninduce additional noise, electrodeloss, or affect
the PPG signal measurement of wearable devices.

https://formative.jmir.org/2022/3/e33635
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After receiving information on the study procedure and aims,
participants filled out the activity readiness questionnaire and
respective consent forms. Participants were then supplied with
the 2 wearabl e devices and were asked to place 1 device on each
arm, ensuring that the sensor was in good contact with the skin
and that the devices were fitted comfortably on the arms. The
study adviser determined which device should be placed onto
which arm, and devices were equally placed on the left or right
arm across al participants. As the Fitbit app has a setting to
determine whether the device is placed on the dominant or
nondominant arm, this setting was configured accordingly by
the study adviser based on the participant information. No such
setting exists for the Galaxy Watch Active2. Subsequently, the
Mind MediaNeXus-10 MKI’s electrodes were placed in alead
two position. To reduce noise, electrodes were placed on the
torso, not the extremities. As the Holter device was equipped
with a handbag-like body strap, it was hung over the shoulder
of participants to increase freedom of movement. This
positioning method was supported by the manufacturer.
Recording started at least 30 seconds after placement of the
electrodes, ensuring sufficient time for adaption for both
wearables and the ECG algorithms.

The participants conducted an experimental protocol covering
10 subsequent tasks. Each task lasted between 1 and 2 minutes.
The protocol anticipated atotal length of 15 minutes. The chosen
activities originate from activity recommendations for women
with pregnancies, who are the prospective target group in our
anticipated larger study. Participants were asked to conduct
activities at their own pace to resemble activities as they would
be conducted free living by the target group. With transitions
between the individual study protocol phases, the recordings
had an average duration of 19:03 minutes. Wetried to minimize
transition or relaxation phases between activities to ensure that
therespective HR level swere similar between adjunct activities.
If minor slack times (usually <10 seconds) occurred between
activities (eg, because of instructions by the study adviser or a
move of position between activities), these slack times were
not included intheindividual activity analysis. Our overall goal
wastoinitialy start with resting and sedentary activities (seated
rest, typing, laying down [left], and laying down [back]), then
continually increase HR using low intensity (standing up and
walking at a slow pace) and high intensity (walking at brisk
pace, climbing stairs, and sguat work out) activities. The full
list of activities and tasksis presented in Table 1.
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Table 1. List of conducted activities.
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Activities Duration (minute)  Description
Seated rest 2 «  Sit comfortably on achair while breathing normally, without any physical movements
«  Considered resting or baseline condition
Keyboard typing 15 « Typeaneutra text on acomputer keyboard provided by the study advisor
« Aimsto assess the effects of hand movement without general body movement
Laying on left side 15 « Lay ontheleft body side on aflat mattress
Laying on back 15 o Turnand lay down fully on the back
Standing up 1 «  Stand up and maintain an upright position without movement
Walking at aslow pace 1 «  Walk sowly and naturally around the laboratory at one's own pace
Walking at abrisk pace 2 « Increase the walking speed to the maximum walking speed without running at one's own pace
Climbing stairs 15 «  Climb stairsup and down at one’s own pace Simul ation of aworkout for awoman with pregnancy
Squat workout 15 «  Conduct squats at one's own pace

«  Simulation of aworkout for awoman with pregnancy

Seated rest 15 .

Sit down directly after the workout, relax your breathing, and remain without motion.

« Aimsto assess drastic changes in heart rate from high activity to rest

Data Recording and Processing

Fitbit Charge 4

To increase the sampling frequency of the Fitbit Charge 4, the
device was set to the training mode before the first study run.
This produced a HR measurement every 1 to 5 seconds, thus
resulting in asampling frequency between 0.2 and 1 Hz. Asthe
fitness tracker is linked to a user account in Fitbit's cloud, the
data were accessed through the Fitbit Web APl using
representational statetransfer queriesand the Postman software.
The API only provides access to HR measurements, and no
PPG raw data or RR intervals are provided.

To compare data on a per-second basis, the HR values required
upsampling. When not provided with aHR measurement every
second, missing values were imputed using the next available
HR value.

Samsung Galaxy Watch Active2

A custom application for Samsung's Tizen OS was devel oped.
The Human Activity Monitor APl was used to retrieve HR and
RR intervals. All retrieved data were saved in JSON format to
files and downloaded to a computer. The Human Activity
Monitor API providesHR and RR interval datawith asampling
rate of 25 Hz (the provided callback function to the
humanactivitymonitor.start function is called every 40
milliseconds). However, the data are inconclusive: the HR
changes more frequently than physiologically explainable; that
is, the API provides up to 5 HR changes (from 86 to 85 to 86
to 85 to 84) within atime frame as small as 300 milliseconds.
At the sametime, thereported RR interval occasionally remains
unchanged over periods >10 seconds. Thus, we decided to
samplethe HR and RR interval dataat 1 Hz. A minority of the

https://formative.jmir.org/2022/3/e33635

data was sampled at a higher frequency and manualy
downsampled to 1 Hz.

Mind Media NeXus-10 MKI

Thecriterion devicerecorded ECG dataat a sampling frequency
of 256 Hz. Furthermore, it contained internal peak detection
algorithms, also providing derived HR and RR interval data at
32 Hz. As stated before, data were transferred via Bluetooth
from the Holter device to a computer running Mind Media
Biotracet+. The data were then exported from the Mind Media
Biotracet+ software as a CSV file. Activity sections were
recorded and annotated by the study adviser during the study
execution in software running on alaptop computer.

Owing to the nature of the study protocol, some activitieswere
prone to noise. Particularly during squats and stair climbing,
ECGs were sometimes noisy, and the manufacturer-supplied
software was apparently unable to correctly identify R peaks,
resulting in erratic and evidently wrong HR and RR interval
data. This was particularly true for squat and stair-climbing
activities.

To cope with this issue, the raw criterion ECG was again
processed in Python, using the ECG function from the BioSPPY
library [36]. Subsequently, the R peaks were manually revised
by a human annotator and corrected. We then used a
self-devel oped function to extract the HR from the RR intervals.

Finally, the data were downsampled to 1 Hz. If >1 HR value
occurred during 1 second (as the HR was >60 bpm), the
respective values were averaged.

Data Exclusion

Although manual data processing was applied to ensure high
data quality, some recorded criterion ECGs were too noisy and
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unusable for comparison. Data were excluded if adequate
criterion device recordings were unavailable but not if the
measured data of the examined deviceswere evidently incorrect,
asthis situation could also appear in real-life use.

As aresult, data of 3 participants (IDs 6, 8, and 23) had to be
completely excluded. In addition, data of 2 participants were

Table 2. Data exclusion and annotation.

Nissen et al

excluded for the squat and walking stairs activity (ID 5and ID
7). After the squat activity, electrodes of 2 participants (ID 2
and 1D 7) detached, and thus, no datawere available. As stated
before, a detailed overview of the conducted manual data
correction and excluded activities of individual participantsis
provided in Table 2.

Participant ~ Seatedrest Keyboard Layingon Layingon Standing  Walking Walking Stairs Squats Seated rest
typing left side back up slow brisk

1 Original® Original Annotated® Original Annotated  Original Original Original Original Original
2 Original Original Original Original Original Original Original Original Original Excluded®
3 Original Origina Annotated Annotated Annotated Origina Annotated Annotated Origina Original
4 Original Annotated Annotated Annotated Original Annotated Annotated Annotated Annotated Origina
5 Original Origina Annotated  Origina Origina Annotated Annotated Excluded Excluded  Origina
6 Excluded  Excluded Excluded Excluded Excluded Excluded Excluded Excluded Excluded Excluded
7 Original Origina Original Original Origina Annotated Annotated Excluded Excluded  Excluded
8 Excluded Excluded Excluded Excluded Excluded Excluded Excluded Excluded Excluded  Excluded
9 Original Origina Original Original Origina Original Original Origina Original Original
10 Original Origina Original Original Annotated  Origina Original Annotated  Origina Original
11 Original Origina Original Annotated  Original Original Original Origina Annotated  Origina
12 Original Origina Original Original Origina Original Original Origina Original Original
13 Original Origina Original Original Origina Original Original Origina Original Original
14 Original Origina Original Original Origina Original Original Origina Annotated  Origina
15 Original Origina Original Original Origina Original Original Origina Annotated  Origina
16 Original Origina Original Original Annotated  Origina Original Origina Original Original
17 Original Origina Original Original Origina Original Original Origina Original Original
18 Annotated  Original Original Original Annotated  Origina Original Origina Original Original
19 Original Origina Original Original Origina Original Original Origina Annotated  Origina
20 Original Origina Original Original Annotated  Origina Original Origina Annotated  Origina
21 Original Origina Original Original Origina Original Original Origina Original Original
22 Original Origina Original Original Origina Original Original Origina Original Original
23 Excluded  Excluded Excluded Excluded Excluded Excluded Excluded Excluded Excluded  Excluded

8Represents original data.
bReprasents manually annotated data.
®Represents excluded activity participant combinations.

Data Synchronization

Asthe software of the validated fitnesstrackersis mostly closed
source, their exact time measurement and determination
mechanism are unknown. Furthermore, the on-device signal
processing may cause additional delays. Therefore, we did not
rely on exact time stampsfor device synchronization but instead
used another synchronization technique.

Synchronization of the signalswas performed on the previously
downsampled signals of all 3 devices (1 Hz, ie, 1 HR value per
second). We conducted the synchronization between the
individual validated devices and our HR reference by
maximizing the Pearson correlation coefficient (PCC). The

https://formative.jmir.org/2022/3/e33635

measurementswere then shifted by the respectively determined
time delays. This provided very similar and, in many cases,
equal results to a shift through cross-correlation but showed
better visual and metric resultsin aminority of edge cases.

Statistical Analysis

All statistical analyseswere conducted in Python (version 3.8.7)
on a Windows 10 machine using Numpy 1.19.5 [37], Scipy
1.6.0 [38], Pandas 1.2.0 [39], and Pingouin 0.3.11 [40]. Raw
data and respective scripts are available from the authors upon
request.

Absolute error analysiswas conducted using the mean absolute
error (MAE) and MAPE as key metrics. We defined MAE as
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the average absolute distance between the HR of the validated
device and the criterion devicee MAPE is the percentage
difference between the reference and the respective device
values. The limits of agreement and mean error (bias) were
derived from Bland—Altman plots, which also visually aided in
the interpretation of the results. Correlation anaysis was
performed using the Lin concordance correlation coefficient
(CCC), as suggested by Sartor et a [12,41,42]. PCC was
additionally reported for completeness but not analyzed.

Table 3. Demographics and details of the participants.

Nissen et al

Results

Participants

Intotal, 23 healthy individuals participated in the study (n=10,
43% women and n=13, 57% men). The demographicsand details
of the participants are shown in Table 3. Most participantswere
university students and staff members. Given the location of
the university, Fitzpatrick skin type 2 was overrepresented
(3xtype 1, 15xtype 2, 2xtype 3, 1xtype 4, and 2xtype 5).

Characteristics Values, minimum

Values, maximum Values, mean (SD)

Age (years)? 20
Height (cm) 156
Body weight (kg)” S0

36 24.2 (4.6)
193 175.7 (10.48)
83 71 (12.75)

30ne participant did not provide his or her date of birth.
bone participant did not provide his or her body weight.

HR M easurement

Thekey results of thisvalidation study are summarized in Table
4. In total and across the entire experiment duration (ie, all
activities), both devices achieved very similar valuesfor MAE,
MAPE, and PCC. Although the Fitbit Charge 4 dlightly
underestimated the HR by -1.66 bpm (bias), the Samsung
Galaxy Watch Active2 overestimated the HR by 3.84 bpm
(bias).

In resting and sedentary activities (seated rest, typing, and laying
down) and slow walking, the Fitbit Charge 4 achieved lower
absolute and absolute percentage error rates. During standing
up and all other physical activities, the Samsung Galaxy Watch
Active2 outperformed the Fitbit Charge 4.

A particularly high bias (ie, mean difference) was observed by
the Fitbit Charge 4 during standing up (-=7.95 bpm) and squats
(—12.52 bpm). The Samsung Galaxy Watch Active2’s highest
bias was measured during typing (8.63 bpm) and laying down
on the left side (6.01 bpm).

https://formative.jmir.org/2022/3/e33635

Thelevel of agreement of the Samsung Galaxy Watch Active2
is particularly broad during activities 1 to 5. The cause was a
non- or excessive recorded HR in participant 20 during these
activities, where the device recorded an average HR of 146,
148, 181, and 176 bpm. This HR trend is displayed in Figure
1. If this participant was excluded from the data analysis, the
metricsdrastically improved: MAE and M APE were consistently
lower than those of the Fitbit device for activities 1 to 5, and
both widths of limits of agreement and bias were reduced
significantly.

CCC was consistently higher in the Samsung Galaxy Watch
Active2. Both devices achieved particularly low scores (<0.250)
during typing and slow walking. The resting phase resulted in
the highest individual activity of CCC in both devices.

Bland-Altman plots for both devices are shown in Figures 2
and 3. A large cluster of pointsin thetop-right section of Figure
3isparticularly noticeable. These data points are aresult of the
previously mentioned mismeasurement of the Samsung Galaxy
Watch Active2. If participant 20 is excluded from the data set,
the respective cluster disappears from the plot.
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Table 4. Validation metrics of heart rate measurements across different activities and devices.

Activity (metrics) Mind Media NeXus-10 MKI Fitbit Charge 4 Samsung Galaxy Watch Active2
Overall (0)

Values (bpm?), mean (SD) 92.48 (22.34) 90.85 (18.75) 96.26 (22.55)

MAE® (bpm) N/AC 8.589 8.13

MAPEd N/A 9.74 9.419

ccce N/A 0.805 0.847

pccf N/A 0.839 0.85

Bias (bpm) N/A -1.66 3.84

LoA9 (bpm) N/A -26.7510 23.43 -28.1t035.78
Seated rest (1)

Values (bpm), mean (SD) 75.65 (7.17) 78.75 (3.88) 79.89 (9.43)

MAE (bpm) N/A 7.829 9.381

MAPE N/A 11.801 12.013

CCC N/A 0.203 0.508

PCC N/A 0.257 0.556

Bias (bpm) N/A 3.36 441

LoA (bpm) N/A -18.9810 25.70 -4051049.33
Typing (2)

Values (bpm), mean (SD) 78.53 (6.23) 79.44 (3.1) 87.32 (5.84)

MAE (bpm) N/A 8.139 11.62

MAPE N/A 11.24 14.815

CCC N/A 0.057 0.207

PCC N/A 0.094 0.211

Bias (bpm) N/A 0.79 8.63

LoA (bpm) N/A -1.96t0 22.14 -33.181050.43

Laying down (left; 3)

Values (bpm), mean (SD) 73.57 (9.17) 75.25 (4.48) 79.74 (8.94)
MAE (bpm) N/A 7.245 9.35

MAPE N/A 9.938 11.901

CCC N/A 0.382 0.624

PCC N/A 0.507 0.663

Bias (bpm) N/A 2.13 6.01

LoA (bpm) N/A -17.49t0 21.75 -31.6t043.62

Laying down (back; 4)

Values (bpm), mean (SD) 68.49 (7.75) 68.51 (3.61) 73.52 (5.25)
MAE (bpm) N/A 6.034 8.622

MAPE N/A 9.062 11.242

CCC N/A 0.249 0.554

PCC N/A 0.358 0.609

Bias (bpm) N/A 0.03 482

LoA (bpm) N/A -16.62 10 16.67 -33.7t043.34

Standing up (5)
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Activity (metrics) Mind Media NeXus-10 MK Fitbit Charge 4 Samsung Galaxy Watch Active2
Values (bpm), mean (SD) 88.83 (11.76) 81.03 (6.69) 88.68 (9.14)
MAE (bpm) N/A 12.25 8.976
MAPE N/A 13.302 9.988
CCC N/A 0.253 0.519
PCC N/A 0.345 0.62
Bias (bpm) N/A -7.95 0.52
LoA (bpm) N/A -37.831021.93 -30.191t0 31.23

Walking slow (6)

Values (bpm), mean (SD) 86.24 (6.38) 87.3(3.86) 90.99 (3.53)
MAE (bpm) N/A 6.781 7.742

MAPE N/A 8.118 9.046

CCC N/A 0.15 0.18

PCC N/A 0.188 0.24

Bias (bpm) N/A 1.2 4.94

LoA (bpm) N/A 17.77t0 20.16 -15.4510 25.34

Walking fast (7)

Values (bpm), mean (SD) 100.22 (6.64) 99.11 (4.42) 102.82 (4.92)
MAE (bpm) N/A 6.094 5.829

MAPE N/A 6.364 6.292

CCC N/A 0.348 0.439

PCC N/A 0.408 0.516

Bias (bpm) N/A -0.98 2.86

LoA (bpm) N/A —-20.68 t0 18.73 -16.8t022.51

Stairs(8)

Values (bpm), mean (SD) 119.67 (13.83) 115.54 (9.45) 121.14 (10.19)
MAE (bpm) N/A 8.811 6.879

MAPE N/A 7.605 6.157

CCC N/A 0.634 0.691

PCC N/A 0.803 0.812

Bias (bpm) N/A -3.99 1.28

LoA (bpm) N/A -25.61t0 17.63 -19.14t021.7

Squats (9)

Values (bpm), mean (SD) 129.05 (11.87) 116.6 (7.72) 130.26 (7.28)
MAE (bpm) N/A 15.737 6.163

MAPE N/A 11.976 551

CCC N/A 0.29 0.61

PCC N/A 0.335 0.668

Bias (bpm) N/A -1252 118

LoA (bpm) N/A -50.46 to 25.42 -20.551022.92

Resting (10)

Values (bpm), mean (SD) 106.17 (16.79) 102.8 (11.25) 105.82 (14.12)
MAE (bpm) N/A 9.612 5.618
MAPE N/A 9.749 5.82
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Activity (metrics) Mind Media NeXus-10 MKI Fitbit Charge 4 Samsung Galaxy Watch Active2
CCC N/A 0.65 0.845
PCC N/A 0.752 0.872
Bias (bpm) N/A -345 -0.38
LoA (bpm) N/A -28521021.61 -15.75t0 15.00

8pm: beats per minute.

bMAE: mean absolute error.

°N/A: not applicable.

9MAPE: mean absolute percentage error.
€CCC: Lin concordance correlation coefficient.
fPCC: Pearson correlation coefficient.

9L 0A: limits of agreement.

Figure 1. Heart rate measurement of participant 20. Samsung Galaxy Watch Active2 recorded no or excessive heart rate values during the first 5
activities.
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Figure 2. Bland-Altman plot for heart rate difference between Mind Media NeXus-10 MK and Fithit Charge 4 across all participants and activities.
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Figure 3. Bland-Altman plot for heart rate difference between Mind Media NeXus-10 MKI and Samsung Galaxy Watch Active2 across all participants

and activities.
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Comparison With Previous Work

Our study aimed to evaluate 2 consumer wearable devices in
healthy participants over arange of activities. The resultsfrom
our study indicate that both devices achieved a MAPE <10%.
Although no previous work exists for the Samsung Galaxy
Watch Active2, our results are somewhat in line with previous
validation trials for the Fitbit Charge series.

A previous evaluation of the Fitbit Charge 3 by Muggeridge et
a [22] used a notably different experimental protocol,
emphasizing strenuous activities (with a focus on treadmill
running, sprinting, and cycling). The authors report an overall
MAPE of 7.37 (as compared with 9.74 in our study) and note
that the device underestimates the HR by -7 bpm (here, —1.66
bpm). Overall, the study states that the Fithit device performs
poorly during high-intensity activities and results in a higher
error in that area. In our study, the Fitbit device's mean bias
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—3.99 bpm and —12.52 bpm, respectively.

Reviewing studies on the Fithit Charge 2, underestimations of
the HR have been reported by several other studies[19,21,43].
The study by Baek et a [44] only reported this underestimation
in the <100 bpm category and an overestimation of >120 bpm.
With respect to the MAPE, the study by Reddy et a [19]
reported a value of 11.33%, and the study by Nelson et al [43]
reported a value of 5.96% across all activities. Our measured
CCC of 0.805 across al activities is lower than the CCC of
0.906 reported by Nelson et al [43] in a 24-hour period.

M easurement Validity

Different validation definitions exist in the literature. Some
prior studies have used an error rate of +5% to —-5% as a limit,
as it “approximates a widely accepted standard for statistical
significance [...]” [24] and is “widely accepted” [19]. A limit
of +10% to —10% is established by various organizations and
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institutions and has been equally used by other validation studies
[43]. Thelatter valueisa so proposed by previously mentioned
validation guidelines [12] and thus, used for further reference
in our work.

Similarly, different interpretations of correlation coefficients
have been used in the literature. Owing to the large number of
different definitions, ranging from aweak or poor interpretation
starting between <0.2, <0.50, and <0.9 [23,43,45], we refrain
from the use of an exact definition.

In our study and across all activities, both devices achieved a
MAPE <10% and, per definition, produced valid results. With
respect to individual activities, neither device produced valid
results for seated rest and typing activities. Furthermore, the
Fitbit Charge 4 did not record valid datafor the standing up and
sguat activities, and the Samsung Galaxy Watch Active2
produced invalid results for laying down in either of the 2
evaluated positions.

Limitations

Participants and Demographic Structure

Our study mainly included healthy young participants aged
between 20 and 36 years. Wearables may provide different
vaidation resultsfor older participants, particularly with respect
to their skin properties and changes in the PPG curve.
Furthermore, as most of our participants were local university
students in middle Europe, Fitzpatrick skin types 1 to 3 were
overrepresented in our study.

Selected Activities

The overall duration of individual activities was rather short,
mostly because our aim was to set a low burden for study
participation. Although the HR of all participants increased
during the study duration (especially during the second half of
the study), some participants may require a longer activity
duration for optimal HR adaption. A shorter activity duration
makes the collected data less meaningful and resultsin alower
number of recorded data points, thus decreasing statistical
expressiveness.

As al activities were conducted consecutively and without
breaks, splits between individual recorded activities always
resulted in minor transitional phases. Some participants may
react faster to theinstructions of the study instructor than others.
Thisleadsto additional time slack between individual activities
and may cause a dight metric profusion between the 2
subsequent activity metrics.

Laboratory Conditions and Environmental Factors

Although we aimed to replicate real-life activities as much as
possible, our study was still conducted in a laboratory setting.
Real-life use patterns may differ from those in our study and,
assuch, may have an impact on the accuracy of theinvestigated
devices. Furthermore, our study was mostly conducted during
warm summer days, and our laboratory was not equipped with
air conditioning. Sweat is known to have an influence on ECG
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electrode conductance. It may also have an impact on PPG
measurements by the examined wearable devices.

Data Annotation and Exclusion

Owing to various influencing factors—mainly ECG electrode
loss, heat, selected activities, and other unknown skin
factors—less data than anticipated were ultimately included in
our study (20/23, 87% participants). A solid baseline (ground
truth) was of the utmost importance in our study. Our manual
dataannotation of the criterion device dataunderlinesthiseffort.
As the annotation affects only the criterion device, it has no
impact on the data recorded by the evaluated devices and,
therefore, on future studies.

For participants 2, 5, and 7, only a subset of activities was
included in our statistical analysis (Table 2). Although the
respective individual activity metric averages reported in Table
4 do not include data for the respective activities, we did not
exclude these individual participants for the overall metrics.
This may lead to a minor bias toward resting and sedentary
activities, asactivitieswith higher physical activitieswere more
prone to noise and, thus, data exclusion. Metrics only show
minor changes if the data of these participants are excluded
from the overall metric. The overal Fithit Charge 4 MAE
changed from 8.589 to 8.614 upon exclusion, and the Samsung
Galaxy Watch Active2 MAE increased from 8.13 to 8.429.

Theinclusion of data of participant 20 is controversial. A main
argument for potential exclusion is that the data are clearly
erroneous, and such datawould be equally excluded in the study
settings. On the other hand, faulty recordings may also occur
in real-life settings. Excluding the datawould lead to a positive
bias in favor of the Samsung Galaxy Watch Active2 and, thus,
to anonobjective comparison. Therefore, wedecided to include
these data.

Conclusions

We evaluated 2 previously unvalidated wearable devices by
conducting a study featuring various activities and 23
participants. Throughout the entire experimental procedure,
both devices achieved results just <10% MAPE and thus,
presented acceptable HR measurement capabilities. The Fitbit
Charge 4 outperformed the Samsung Galaxy Watch Active2
during resting and sedentary activities, and the Samsung device
was more accurate during high-intensity activities. Neither
device reached sufficient accuracy during seated rest and

keyboard typing.

Our study was a prequel to alarger interdisciplinary study in
obstetrics. Researchers should consider the intended use of
wearable devices when reviewing validation studies and
evaluating their respective findings with respect to their full
requirements. This is not only the case for the experimental
design but also for other aspects. Accuracy may not bethe only
decisive factor. Features such as raw data access, battery
runtime, or additional sensors may be equally relevant for
individual research.
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Abstract

Background: Individuals' self-tracking of subjectively experienced phenomenarelated to health can be challenging, as current
options for instrumentation often involve too much effort in the moment or rely on retrospective self-reporting, which is likely
to impair accuracy and compliance.

Objective: This study aims to assess the usability and perceived usefulness of low-effort, in-the-moment self-tracking using
simple instrumentation and to establish the amount of support needed when using this approach.

Methods: In this exploratory study, the One Button Tracker—a press-button device that records time stamps and durations of
button presses—was used for self-tracking. A total of 13 employees of an academic medical center chose a personal research
guestion and used the One Button Tracker to actively track specific subjectively experienced phenomena for 2 to 4 weeks. To
assess usability and usefulness, we combined qualitative data from semistructured interviews with quantitative results from the
System Usability Scale.

Results: Intotal, 29 barriersand 15 facilitators for using the One Button Tracker were found. Ease of use was the most frequently
mentioned facilitator. The One Button Tracker’s usability received a median System Usability Scale score of 75.0 (IQR 42.50),
whichisconsidered as good usability. Participants experienced effects such as an increased awvareness of the tracked phenomenon,
a confirmation of personal knowledge, a gain of insight, and behavior change. Support and guidance during all stages of the
self-tracking process were judged as valuable.

Conclusions: The low-effort, in-the-moment self-tracking of subjectively experienced phenomena has been shown to support
personal knowledge gain and health behavior change for people with an interest in health promation. After addressing barriers
and formally validating the collected data, self-tracking devices may well be helpful for additional user types or health questions.

(JMIR Form Res 2022;6(3):€32704) doi:10.2196/32704
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self-tracking; personal science; one-button-tracker; barriers; facilitators; quantified self; health promotion; button tracker; usability
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Introduction

Per sonal Science

Anincreasing number of people collect data on personal health
or lifestyle phenomena, such as physical activity levels, mood,
or sleep quality, for the purpose of self-reflection or personal
knowledge gain. This practice of sdf-tracking or
self-quantification can be supported with technological
instruments such as wearable devices or mobile apps [1].
Enhancing persona knowledge supports health maintenance
and may facilitate behaviora change[2-4]. Inaclinical context,
self-tracked data may be used for shared decision-making
because it can improve communication, enhance bilateral
coordination of care, and boost patient engagement and sense
of autonomy [5-7]. Effective self-tracking not only mediates
personal health behavior but also holds promise as a
complementary field of knowledge creation and discovery. As
a data acquisition method, self-tracking is integral to
participant-led research (PLR) and personal science [8-11]. In
PLR and personal science, patients or participants transcend
their traditional role as a source of data by initiating and
conducting research projects themselves. This includes
acquisition and reflection of personally relevant databy and for
themselves. Such an active role of a patient or citizen leading
their own research is what defines and also connects PLR and
personal science.

Self-tracking

In self-tracking, objective measures of an increasing range of
physiological and behavioral phenomena can be automatically
and accurately recorded by wearable sensors incorporated in
activity trackers, smart watches, or other self-tracking devices.
However, tracking subjectively experienced phenomena that
manifest as physical sensations such as different moods, stress,
discomfort, pain, mental flow, thoughts, emotions, or social
interaction remains challenging. Instruments aimed at tracking
these subjective phenomenaasaprimary or secondary outcome
measurement using empirical methods typicaly involve diary
entry or experience sampling methods with prompted
self-reports, which can lead to inaccurate data due to associated
memory recall biases [12-14]. Alternative options for
in-the-moment registration, such as paper-based tracking,
involve high effort, which may impair sustained use. These
barriers limit discovery using self-tracking of subjectively
experienced phenomena. To overcome these barriers,
self-tracking devices that facilitate low-effort, in-the-moment
tracking have attracted research interest. A pilot study exploring
the use of asmart button device for the purpose of self-tracking
medication adherence found that participants generally
considered the device acceptable to use, but the collected data
had poor concordance with electronic data collection [15].

One Button Tracker and Objectives

In recent case studies, the use of One Button Tracker
instrumentation was introduced to facilitate low-effort,
in-the-moment self-tracking [16,17]. The One Button Tracker
is a data acquisition instrument that allows users to track any
subjectively experienced phenomenon in the moment it occurs
with little effort by a push of the single button. The point in

https://formative.jmir.org/2022/3/€32704
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time and duration of the button press are recorded, and the
acquired data points can be loaded into a web-based data
analytics tool. There, the collected data are automatically
displayed in a calendar overview and graphs showing hourly
and weekly distribution of observations. In one study [16], a
patient with posttraumatic stress disorder was ableto learn about
the nature of his symptoms and the conditions in which they
would arise by tracking a subjectively experienced precursor
to one of his symptoms. In another study [17], the One Button
Tracker enabled the investigation of temporal dynamics of and
relations between two different subjectively experienced
symptoms (intrusions and ruminations related to posttraumatic
stress disorder). These studies suggest that the One Button
Tracker in combination with a web-based data analytics tool
can support low-effort, in-the-moment self-tracking. However,
this promise remains a matter of research. Therefore, this
exploratory study has two aims: to assess the usability and
perceived usefulness of the One Button Tracker as
instrumentation and to establish the amount of support needed
using this approach.

Methods

Study Design and Setting

In this pilot study, we used amixed methods approach to assess
the usability and perceived usefulness of low-effort,
in-the-moment tracking using simple instrumentation and to
evaluate the support needed to allow individuals to self-track
effectively. The qualitative part of the study consisted of
semistructured interviews exploring facilitators and barriers to
the use of this self-tracking method, perceived positive and
negative effects of its use, and participant views on the potential
value of support during the self-tracking process. The
quantitative data were generated through a usability survey.
Data were collected from February to August 2020. Ethical
approval was granted by the local medica ethics committee
(Medisch Ethische Toetsingscommissie Oost-Nederland, review
number 2019-6066) and standards for reporting qualitative
research were followed [18]. All participants provided written
informed consent before participating in the study.

Participants

Participantswere recruited from an existing cohort of employees
from Radboud University Medical Center (Radboudumc,
Nijmegen, the Netherlands) enrolled in the hospital’s health
promotion program Healthy Professionals. This program strives
to educate employees on health and lifestyle topicsto help them
remain resilient and healthy in the rapidly changing health care
environment [19]. Thisstudy was embedded within the Healthy
Professionals program as self-tracking may aid participants in
working toward their formulated lifestyle goals and because of
the pioneering character of the program, which suited the
explorative character of this study well. All 101 health care
professionalsenrolled in the program at thetime of recruitment
(May 2020) were invited to participate in the study by email.
If they expressed interest, aresearcher (AC) contacted them by
phone to determine eligibility and answer any questions
regarding the study’s protocol. Applicants were eligibleif they
were aged >18 years. They were excluded if they were not able
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to verbally communicatein Dutch or had cognitive dysfunction.
We aimed to include 12-15 participants, which was deemed as
sufficient for this exploratory study.

The One Button Tracker

For this study, we used aresearch prototype of the One Button
Tracker, as depicted in Figure 1. The instrument was invented
and developed by the coauthors JEL and TBC. The instrument
is41x31x12.5 mm in size, consists of a low-powered (3.3 V)
press-button tracker within a3D printed plastic casing, and can
be charged viaa USB port. When pressed, the device vibrates,

van de Belt et al

thereby providing haptic feedback to the user. The point intime
and duration of the button presswere recorded. In the processing
of the acquired data, these attributes can be used to distinguish
between single, double, or more presses and shorter and longer
durations of the presses, which can be used for different
purposes depending on the user's needs. The One Button
Tracker has no wireless or internet connection to ensure privacy,
and the user isin control of the acquired data. Thetime required
for auser to record an observation using the instrument was <1
second.

Figure 1. OneButton Tracker. It is adata acquisition instrument in a 3D printed plastic casing that can be charged viaa USB port. It was designed to

track any subjectively experienced phenomenon.

Data stored on the device can be accessed by connecting the
One Button Tracker to alaptop or desktop computer viaa USB
connection. The stored data file containing timestamps and
button press durations can be loaded into a web-based data
analytics tool. There, the collected data are automatically
displayed in an overview table. In addition, several graphs are
created that portray the average number of button presses per
hour, day, week, and month (examples of visualizations from
the data analytics tool are shown in Multimedia Appendix 1).

Study Procedures

Participants were sent instructions on the use of the One Button
Tracker and web-based data analytics tools by email. These
detailed how to operate the device; explained its ability to
distinguish between 1, 2, and 3 presses; and instructed
participants to charge the device twice aweek. In addition, the
hyperlink to the web-based data analytics tool was provided,
accompanied by written instructions in a step-by-step manner
on how to transfer data to the tool. In an intake session, these
instructions were restated, and remaining questions were
answered.

Thereafter, participants worked toward a suitable personal
research question with the help of a researcher (AC). If
participants had already formulated questions related to their
health promotion goals before the Healthy Professionalsintake
session, these questions were examined to determine their
suitahility. If formulating aquestion was reveal ed to be difficult,
the researcher used open-ended questions to explore the
knowledge gapsin the path toward their formulated health goals.

https://formative.jmir.org/2022/3/e32704
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A research question was deemed suitable if it related to the
participants set health or lifestyle goals, was personally
relevant, and was answerable by self-tracking a given
phenomenon. Participants were strongly advised to pick a
phenomenon that would result in =2 and <20 clicks per day to
avoid tracking fatigue.

Subsequently, participants started the self-tracking process in
which they used the One Button Tracker to actively track the
chosen phenomenon for a minimum of 2 and a maximum of 4
weeks, depending on their research question and preferences.
During this time, participants could view the collected data
through the data analyticstool on their computer when desired.
In case of problems, they could contact a technical support
helpline by phone or email. In addition, we performed aweekly
checkup by phone to answer any questions and gauge the use
of the device. Any remarks regarding the One Button Tracker
or the self-tracking process participants made in these callswere
noted and added to the record for analysis.

When participants finished tracking, they handed the device
back to the researchers. In individual interviews, their
experiences using the One Button Tracker and doing
self-tracking were explored. Inthese ons, the data collected
by the participantswere |oaded into the web-based dataanalytics
tool and discussed. Afterward, all data were deleted
permanently. Following the interview, participants were asked
to fill out the System Usability Scale (SUS) questionnaire to
determine the usability of the One Button Tracker. Figure 2
provides an overview of the study’stimeline.
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Figure 2. Overview of the study’s timeline. Self-tracking was carried out by the participants for aduration of 2 to 4 weeks.
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Data Collection

All semistructured interviews were conducted in July 2020 by
ajunior researcher (AC) with previous training in qualitative
research. The interview guide was developed specifically for
thisstudy, drawing frominsightsfrom Li et a [20] and Almalki
et a [21] regarding personal informatics systems. It included
guestions on participant expectations, their personal research
guestion and approach, views of and experiences with the One
Button Tracker and the web-based dataanalyticstool, and views
of and experiences with self-tracking and support during this
process (Multimedia Appendix 2). All interview questionswere
open-ended. In addition to these questions, participants were
asked to grade the OBT on a scale from 1 (worst possible
functioning) to 10 (best possible functioning).

During the interview sessions, we also collected demographic
information, including birth year, education, and job description.
We initially intended to interview all participants face-to-face
at the participants' location of choice. However, owing to
COVID-19 restrictions, haf of the interviews were conducted
viathe internet using Skype for Business (version 7.0.2676.1,
2018; Microsoft Corporation). All interviews were
audio-recorded, transcribed clean verbatim, and anonymized.

Following theinterview, participants completed aDutch version
of the SUS [22] (Multimedia Appendix 3). This short 10-item
vaidated questionnaireiswidely used to determine the usability
of devicesor systems. It asks participants to rate the truthiness
of 10 statements concerning the device's usability on a 5-point
Likert scale.

Data Analysis

A total of 2 researchers (AC and FF) analyzed the anonymized
transcriptsindependently using qualitative dataanalysis software
(ATLASt version 7.1, Scientific Software Development
GmbH). They identified barriers, facilitators, and positive and
negative effects of the use of the One Button Tracker for
self-tracking. The identified codes were thoroughly discussed

https://formative.jmir.org/2022/3/€32704
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until consensus was reached. Remaining disagreements were
discussed with a third researcher (TB). To determine if the
sample size was sufficient to gain a comprehensive overview
of participant experiences, code saturation was assessed after
each third interview by examining whether any previously
unnamed barriers and facilitators or effects were identified in
the newly gathered data. We defined saturation as 3 subsequent
interviews with no new factors.

Facilitators and barriers regarding the use of the One Button
Tracker were categorized according to the Gagnon framework
concerning determinants of adoption of information and
communications technologies in health [23,24]. New barriers
and facilitators were added to the framework. The Donabedian
framework for the quality of health care was used to present all
identified positive and negative effects [25]. This framework
distinguishes structure (context in which hedth care is
delivered), process (al actions that make up health care), and
outcome (all effects on patients health). Dutch quotes and
themes used in this paper were trandated into English and
checked by all authors.

Participants answers on the SUS were computed as described
by Brooke et a [22], resulting in a score between 0 and 100.
Scores were interpreted in accordance to Bangor et al [26],
where with ascore of <50.9, the usability of adeviceisdeemed
poor; with ascore of >50.9, usability is deemed sufficient; with
a score of >71.4, usahility is deemed good; with a score of
>85.5, usability is deemed excellent; and with a score of >90.9,
usability is deemed the best imaginable.

Analysis and statistics were performed in the Radboudumc
using SPSS (version 25.0; IBM). Normally distributed
continuous variables are described using mean and SD. Median
and interquartile values were shown in case variables were not
normally distributed. Qualitative or categorical variables were
described using frequencies and percentages.
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Data Storage and Privacy

After each interview, the pseudonymized audio record was
stored within the Radboudumc data storage environment until
transcription was finished, in accordance with Dutch privacy
law. After transcription and coding, the anonymized transcripts
were archived according to the Radboudumc research policy.

Results

Participants

Of the 101 professionalswho were invited to participate, 58.4%
(59/101) actively declined. Provided reasonsfor not participating

Table 1. Participant characteristics (n=13).

van de Belt et al

included no time, increased workload due to the COVID-19
pandemic (7/59, 12%) already able to reach health goals (3/59,
5%), not wanting to use this particul ar self-quantification system
(3/59, 5%), changing jobs (2/59, 2%), and illness (2/59, 2%).
A total of 13 professional s expressed interest and wereincluded,
resulting in a recruitment rate of 12.8% (13/101). Table 1
provides an overview of all participants’ characteristics.

Characteristic Value
Gender, n (%)
Female 11 (85)
Male 2(15)
Age (years), median (range) 56 (35-67)
Educational background, n (%)
Vocational 3(23)
Applied sciences 6 (46)
Academic 4(31)
Job type, n (%)
Management 7(54)
Medical staff
Nursing and care 3(23)
Medical doctor and specialists 0(0)
Staff, administration, or secretary 3(23)

Self-tracking

All participants successfully formulated a personal research
question and used the One Button Tracker for self-tracking. A
total of 85% (11/13) of the participants made use of the device's
ability to distinguish between 1, 2, and 3 button presses. Some
used this feature to indicate the intensity of the tracked
phenomenon, where more presses indicated a stronger or more

https://formative.jmir.org/2022/3/€32704
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intense experience, whereas others assigned different relevant
phenomena to different numbers of presses to explore their
relationships. Table 2 provides an overview of al personal
research questions and tracked phenomena. When participants
were asked to restate their formulated personal question during
theinterviews, they often posed their focus as abehavioral goal
or an aim, rather than as a (research) question.

JMIR Form Res 2022 | vol. 6 | iss. 3 |e32704 | p.27
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

van de Belt et al

Table 2. Topic, question, and description of the self-tracked phenomenon of each of the 13 participants' personal research projects.

ID Topic Personal research question Phenomenon description
01 Creativity How can | identify and facilitate creative momentsinmy 1 press=creative moment; 2 or 3 presses=moreintense experi-
day-to-day work? ence
02  Snacking How often do | snack? 1 press=snack
03 Stress What factors influence my (experience of) heart palpita- 1 press=palpitations; 2 or 3 presses=more intense experience
tions? (used diary to record contextual factors)
04 Stress To what extent do | experience physical stress symptoms? 1 press=muscle tension; 2 presses=tensed breathing; 3 press-
es=cannot eat
05 Stress What isfor me the relation between stress and movement? 1 press=stress; 2 presses=moving alittle; 3 presses=moving
alot
06 Hydration How much do | drink and how doesthisrelateto thirst? 1 press=thirst; 2 presses=drinking
07  Creativity How can | get out of arut, using music? 1 press=effective music-based intervention
08 Hydration How much do | drink and how does this influence my 1 press=drinking; 2 presses=headache; 3 presses=pain killers
headaches?
09 Drinking How much coffee and wine do | consume? 1 press=cup of coffee; 2 presses=glass of wine
10 Wellness At what times do | feel energetic? More presses=feeling better; fewer or no presses=feeling worse

11 Disquiet and food
thinking of food?

12  Fidgeting

What is for me the relationship between mental unrest and

Doesmy fidgeting habit follow arecognizable pattern, and

1 press=thinking of food; 2 presses=mental unrest

1 press=fidgeting with fingers; 2 presses=touching face

how might knowledge of this pattern help meto fidget less?

13  Hydration and
stillness

How much do | drink, and how can | intercept my working
day with mindfulness exercises to improve stillness?

1 press=drinking; 2 presses=mindfulness exercise

The duration of the self-tracking projects ranged from 6 to 38
days, with a median of 23. Of the 13 participants, 3 (23%)
deviated from the self-tracking period of 2 to 4 weeks. From
these 13 participants, 1 (8%) ended the tracking project after 8
days because of aperceived lack of usefulnessand high burden,
another (1/13, 8%) ended the project after 6 days because she
had answered her personal research question, and thelast (1/13,
8%) extended the tracking period because of illness. During the
tracking period, 54% (7/13) of the participants visualized the
collected data using the web-based data analytics tool.
Moreover, of the 13 participants, 2 (15%) used thetool for data
interpretation, whereas the other 5 (38%) used it to check
whether the One Button Tracker was still fully operational. Of
the 6 participants who did not successfully load their data into
the web-based tool, 1 (17%) intended to but encountered
technical issues, whereas the others had no interest in viewing
the collected data.

Technical Challenges

Of the 13 participants, 6 (46%) participants encountered
technical difficulties during the tracking period. After
troubleshooting, it turned out that atechnical error had resulted
intheloss of al software and datafiles. In 3 cases, no personal

https://formative.jmir.org/2022/3/€32704

data were lost, as the technical error had occurred before
self-tracking commencement. However, 23% (3/13) of the
participantslost (aproportion of) their collected datawhen this
transpired.

Multiple possible causes for this issue were identified. Of the
13 participants, 1 (8%) had accidently connected the One Button
Tracker to the hospital’s computers, which had been warned
against in the written instructions, asthiswas known to elicit a
faulty reset of the One Button Tracker. Another (1/13, 8%)
participant inadvertently caused an error by incorrectly detaching
the One Button Tracker from their PC. In other cases, the cause
of the errors remained unclear. After consultation with the
coauthors JEL and TBC, al One Button Trackers received a
software update. From there on, no further technical issueswith
the One Button Trackers were encountered.

Qualitative Results

Theinterviewsranged from 15to 56 minutesin length. Analysis
of theinterviewsrevealed 29 barriersand 15 facilitators, aswell
as 2 negatively and 12 positively perceived effects. Textbox 1
presents all identified barriers and facilitators. Textbox 2
presents an overview of the experienced effects. Data saturation
could not be confirmed.
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Textbox 1. Barriers to and facilitators regarding the use of the One Button Tracker as a self-tracking instrument according to the Gagnon framework
of determinants of adoption of information and communications technologies in health care. Barriers and facilitators are ordered in three categories
(technological, individual, and external), including the number of participants who mentioned each identified barrier (B, n) or facilitator (F, n).

Technological barriersand facilitatorsrelated to mobile health char acteristics
1. Design and technical concerns

«  Unattractiveness of design (B, 1)

«  Physical aspect of the device reminds user to track (F, 1)

« Dataanalyticstool’s visualizations are attractive (F, 1)

« Deviceistoo small to be aware of (B, 1)

«  Device's button (cannot be pressed or [lack of] confirmation; B, 1)

«  Device'sbutton (vibrations assure user of correct press; F, 1)

«  Deviceisnot compatible with operating system (B, 1)

«  Disfunction not further specified (B, 1)

2. Perceived usefulness
e Setgoal ispersonaly important to user (F, 1)
o Lack of usefulness after research question has been answered (B, 1)
«  Noneed to use device or dashboard (B, 4)

o  Lack of confidence that research question will be answered (B, 1)

3. Perceived ease of use
« Deviceishandy (F, 3)
« Deviceiseasy to use (F, 5)
«  Carrying deviceis abother: aready have to bring a smartphone (B, 1)
«  Challenging to transport the device, especially when the user has no pockets (B, 5)
« Visudlizing the datain the data analytics tool involvestoo much effort (B, 3)
«  User needsinstructions on how to interpret the data analytics tool’s visualizations (B, 2)
o Feartolosedevice (B, 1)

«  Psychological stress of using the device is zero, which facilitates use (F, 1)

4.  Privacy and security concerns
«  Datacannot be removed accidently (F, 1)

«  Good privacy protection when compared with other tools such as app (F, 1)

5. Satisfaction about content available (completeness)
o Lack of in-the-moment feedback (B, 1)

«  Hard to determine when to use the device specifically with subjective phenomena (B, 1)

6. Content appropriate for users (relevance)

«  Senseof failure each time a negatively judged phenomenais tracked (B, 1)

7. Accuracy
«  User forgets to bring the device when on the move (B, 7)
o User forgetsto track when device is out of sight (B, 1)
«  User forgets to track when distracted by other activities (B, 1)
« Incorrect categorization of measure due to changes midactivity or midexperience (B, 1)
«  Button cannot be pressed accidently (F, 1)

«  User forgets device when clothes are regularly changed, for example, health care workers (B, 1)
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o  After afew weeks user forgetsto track (B, 1)

Individual barriersand facilitators: knowledge, attitude, and sociodemographic characteristics
1. Timeissues
«  Useristoo busy to view the data analytics tool (B, 2)

« Interpreting the data analytics tool visualizationsis too time-consuming (B, 1)

2. Outcome expectancy

«  Whileworking night shifts, life differs so substantially that tracking during these shifts does not lead to generalizable knowledge (B, 1)

3. Agreement with mHealth (welcoming or resistant)
o  Trackingisfun (F, 1)
«  Not motivated to use data anaytics tool (B, 1)

External barriersand facilitators: social and training environment
1. Social pressure (associated with peers)

o Device can be used unnoticed by others (F, 1)

«  Lack of use when other people are around (B, 1)

o  Lesscomfortable to use device among others: fear of having to explain him or herself or to disturb group progress (B, 1)

2. Training
«  Support and guidance during the process of designing a personal research question (F, 1)

« Nobehaviora goa formally set in collaboration with researcher (B, 1)

3. Communication and collaboration effort

«  Regular checkups support user motivation (F, 1)

4. Externa environment

«  Research context elicits maotivation (F, 2)
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Textbox 2. Positive and negative effects of the use of the One Button Tracker as a self-tracking instrument according to the Donabedian framework for
quality of care. Effects are ordered in two categories (process and outcome) including the number of participants who mentioned each positive effect

(P, n) or negative effect (N, n).

Process

1. Sef-tracking process

«  Thedevice causes annoyance (N, 1)

2. Tracked persona data
«  Gathered data can be related to lived experiences (P, 3)

Outcome

1. Sef-awareness

2. Personal knowledge
o  (Objective) confirmation of existing beliefs (P, 3)
o  Gain of personal insights (P, 4)

«  Reassurance that user can take control of own health (P, 1)

3. Action
« Userisincentivized to turn goal setting into action (P, 4)

«  Behavioral change (P4)

« Itisenjoyableto consciously focus on acertain experience or behavior (P, 2)

«  Tracking causes confrontation with failure in the set goal (N, 1)

«  Theahility to differ between the number of presses facilitates a differentiated overview of the user’s progress (P, 1)

. Dataanalyticstool visualizations increase insight into temporal fluctuations in the tracked phenomenon (P, 1)

»  Enhanced awareness of tracked experience or phenomenon (P, 8)

«  Thedevice functions as an incentive to perform the desired behavior (P, 3)

«  Thedevice functions as areinforcement to put the gained insights into practice (P, 3)

We identified a diverse number of barriers and facilitators that
influence the uptake of the One Button Tracker. However, 3
aspects of the One Button Tracker’s usability were emphasized
by participants. The user-friendliness of the device was one
such aspect. Because of its small size and the simplicity of its
design, the One Button Tracker was generally considered easy
to use. Second, most participants thought of the One Button
Tracker as easily portable, as users can carry the device with
them in atrouser or shirt pocket. A third mentioned asset of the
One Button Tracker was that its size facilitates pressing its
button unseen by others, which was considered to be of added
value:

| could just quickly pressit, useit unnoticed. So | er,

| didn’t need to grab some clumsy-looking apparatus,

“what have you got there?” . You can just nicely...just

quietly pressit. [Participant 03]
Although collecting personal datawith the One Button Tracker
was regarded to be convenient, there were certain aspects of the
data collection process that participants viewed as possibly
troublesome. Although the One Button Tracker was considered
to be easily portable, it could be challenging for users to
remember bringing the device when they were on the move.
This effect was said to be more pronounced when participants

https://formative.jmir.org/2022/3/€32704

clothing lacked pockets to transport the One Button Tracker.
Even when participants brought the One Button Tracker with
them, missed tracking points still occurred. Participants
explained that they sometimes forgot to track experiences when
distracted by other activities or when they had placed the One
Button Tracker out of their line of sight. Because of these
occurrences, of the 13 participants, 5 (38%) reported instances
of missed or misregistered data points. However, even with
these missed data points, the mgjority still felt that the collected
data accurately represented their experienced reality:

One time, | wasn't wearing trousers with pockets.
And then | realized, oh shoot, forgot it. No trousers,
no tracker. [Participant 05]

Another factor of which the importance was emphasized isthe
availability of tailored support during the tracking process.
Without guidance, it would be difficult to design a personaly
relevant research question and to select an appropriate
phenomenon to track. Furthermore, some participants felt that
the points of contact with the researchers during the weekly
checkups facilitated a boost in motivation to persist in the
tracking process. Appropriate support was aso judged to be
essential for correct interpretation of collected data presented
in the web-based data analyticstool. Overall, 31% (4/13) of the
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participants mentioned that they were interested in looking at
their persona data but needed support interpreting the data
visualizations. Some stated they thought connecting the device
to their desktop and loading the collected data involved too
much effort or was too time-consuming. All in al, support and
guidance during al stages of the self-tracking process were
judged as very important:

W, | did seethose graphs. And | did have a ook at

them, but | thought yeah, I’'m going to need some

explanation from you here, what you guys think of

this. [Participant 03]
Participants experienced a range of effects to be the result of
the use of the One Button Tracker for self-tracking. Although
most of these effects were judged positively, of the 13
participants, 1 (8%) described that she experienced negative
emotions throughout the tracking process. This participant had
chosen to track a behavioral phenomenon that she wanted to
perform less often, which resulted in a sense of failure each
time this behavior was registered. Asfor positive effects, 62%
(8/13) of the participants stated that the use of the One Button
Tracker led to enhanced awareness of the tracked phenomenon.
Thisfacilitated an objective confirmation of existing beliefsbut
could also lead to the gain of entirely new personal insights.
For 31% (4/13) of the participants, enhanced awareness and
gained persona knowledge culminated in or contributed to
behavioral change. Another important effect mentioned wasthe
functioning of the One Button Tracker as an incentive for
desired behavior. Participants explained that the device reminded
them or even motivated them to act morein line with their stated
behavioral goal:

Seeing that thing laying there, thinking oh right, oh
| can do that now! That does have a certain action
effect, so to speak. [Participant 06]

Quantitative Results

The One Button Tracker received a median grade of 7.5 (IQR
2.0) on ascale of 1 to 10, with individual grades ranging from
5t0 10. The SUSwas completed by all participants. The median
SUS score was 75.0 (IQR 17.50) out of a possible maximum
score of 100, with individual scoresranging from 50.0 to 97.5.
This corresponds to a percentile rank of 73% and indicates that
the One Button Tracker’s usability can be considered as good
usability [26,27].

Discussion

Principal Findings

In this study, we explored the potential of low-effort,
in-the-moment self-tracking of subjectively experienced
phenomenato support self-knowledge gain by focusing on one
such option, the One Button Tracker.

All participants in this study successfully designed a personal
research question in the context of ahealth promotion program
and tracked one or more chosen phenomena with the device.
The findings suggest that i nstrumentation options such asthese
can aid individuals in the pursuit of personal knowledge gain.
However, such an approach may not suit everyone. Participants
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highlighted the user-friendliness of the One Button Tracker
instrument; however, some barriersto swift datacollection were
also identified.

Participants generally considered the One Button Tracker as
user-friendly, which was reflected by the median SUS score
and grade the device received. However, technical issues
encountered initially by some of the participants posed a risk
to loss of the collected persona data, and with it, the
instrument’s usability. Although such difficulties can occur in
instrumentsthat have not been tested extensively [15], problems
of this type will have to be resolved through design testing
before such self-tracking options arerolled out on abigger scale
[28,29]. Additional usability challenges associated with the
physical design of the One Button Tracker, for instance, how
to carry it when wearing clothes without pockets, were also a
limitation.

Despite these barriers the One Button Tracker provided
enhanced awareness and personal knowledge gain. Most
participantsfelt using the One Button Tracker helped raisetheir
awareness of the tracked phenomenon. They indicated that this
awareness|ed to confirmation or gain of personal insights. This
benefit was reported even though some participants experienced
limited accuracy of the collected data caused by missed or
misregistered observations. This suggeststhat high accuracy of
the collected datamay not be necessary to effectuate the positive
effects, as amost al participants also reported instances of
missed or misregistered data points. Further research is needed
to evaluate how the accuracy of collected data might influence
the quality of gained self-knowledge, a question that has been
raised before [30], and how this quality might in turn influence
users perceptions of health or health behavior.

Most participants experienced a change in health behavior, yet
the measurability and sustainability of this change remained
unclear. Inlinewith the self-improvement hypothesis of personal
informatics, participants believed that the increased awareness
and gained personal knowledge resulting from the self-tracking
process led them to change their behavior [31,32]. In addition,
some participants felt the change in behavior was incentivized
specifically by the sight of the instrument. Importantly, it isan
experience of behavioral change that was assessed here; we did
not measure actual change.

Participants emphasi zed the val ue of support during the different
stages of the self-tracking process. The need for support is
exemplified by the fact that most participants in present and
previous studies struggled with interpreting the collected data
on their own [20,21]. Furthermore, in line with previous
research, regular interaction with the researchers was stated to
be a motivating factor [4,32]. However, evidence that such
support contributes to enhanced health effects as compared with
self-tracking with no assistanceislacking [29,33,34]. Interview
dataindicate that the need for support was often related to help
with the web-based data analyticstools.

Implications

The diversity in participant views emphasizes the importance
of providing an appropriate self-tracking option to each
individual. It turned out that the low-effort in-the-moment
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approach isagood fit for someindividuals, but not all. Previous
research supports the notion that a one-size-fits-all approach
does not exist; rather, different options should be devel oped for
user groupswith different needs[35-37]. Self-tracking can lead
to negative effects such as feelings of failure and incompetence
associated with individual s being reminded of the incongruence
between their behavioral goa and the behavior actually
performed [32,37-40]. Therefore, it is important to determine
what does and does not work for different users or user groups.

The results found here have several implications for scientific
research and medical practice. Academic researchers are
becoming more aware of the contributions PLR can make to
knowledge creation, such as generating hypotheses, enriching
guestionnaires, or answering questions through real-life data.
However, before low-effort, in-the-moment tracking can be
used as a scientifically sound data acquisition method, more
clarity isneeded on the quality of the collected data. In addition
to the barriers described above, the tracked experience may also
be distorted because it is being tracked, a phenomenon that is
addressed as the observer effect [32,41]. Therefore, further
research is needed into the validity and reliability of the
collected data, and how these relate to those of other data
collection methods. In a clinical context, it is clear that
self-tracking of personally relevant phenomenamay help some
individuals gain self-insight and develop healthier behavior.
However, for such methods to be successfully deployed in
medical practice, it isimportant to gain a better understanding
of the possible health effects, long-term effects, and potential
differences in experiences between different user groups, as it
has been shown previously that patients often differ in
experiences from healthy volunteers [30,42]. This will help
determine in which application areas self-tracking could be
beneficial and how such a program could be best set up.

This study is among the first to explore this novel approach to
self-tracking. An important strength of the study is that it
provided participants with a chance to participate in a
personalized form of PLR, in which they could set up and
answer their own personally relevant research question. This
provided a real-life setting, in which participants self-tracked
for a purpose of their own choosing. In addition, the use of a
mixed methods approach enhanced the strength of the findings,
as the quantitative and qualitative findings converged well.

Limitations

This study has several limitations. Data saturation was not
reached. As aresult, we cannot ensure that the entire range of
possibl e participant experienceswas covered. The participation
rate was sufficient for saturation; however, it wasrelatively low
(n=13). In our experimental setup, participants were allowed to
track different types of phenomena, which explains the wide
range of facilitators and barriers that were identified. Although
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this small group aready provides valuable information in the
context of an explorative study, a larger group may have
reveadled additional barriers and facilitators or may have
provided aclearer image about the onesthat stand out. Another
limitation isrelated to the Hawthorne effect. Some participants
found the research context itself to be motivating. This could
mean that participants are less motivated to keep up areal-life
self-tracking project. Finally, the participants included here
were highly motivated, with an active participation in a health
promotion program. This suggests that their experiences might
not fully correspond with those of a population with less strong
motivation or fewer support options.

Concluding Remarksand Future Work

This study explored the potential usability and usefulness of
low-effort, in-the-moment self-tracking for acquiring new
personal insights and supporting changes in health behavior.
Although the prototype self-tracking instrument studied here
has shown itself to be perceived as user-friendly and can be
used to quantify subjective experienced phenomenaeffectively,
experiences in the participant group varied widely. Although
the study has demonstrated the utility of the instrument in
individual cases, the potential efficacy of the instrument in
genera isinconclusive at this paint.

Before the One Button Tracker instrument can be provided to
patients or study participants on a larger scale, the technical
challenges and specific usability issuesidentified in this study
should be addressed. In particular, usability issues related to
wearability would need to be addressed.

Asthe study participants appreciated the support they received
during the study, it would be interesting to study which kind of
and what level of support is conducive for the process in the
different steps of self-tracking as part of PLR or personal
science. Further research is needed to assess the exact benefits
of support and to evaluate how this support would best be
provided. Here, the role and usability of the data analytics tool
isalso atopic for further research.

The explorative nature of this study and the overall purpose for
using the One Button Tracker to track anything related to
personal health and well-being has led participants to track a
wide range of different phenomena. This demonstrated that
participants can usetheinstrument in everyday life settings and
acquire real-world data on subjective experience. Future studies
could focus on addressing the application of the instrument in
specific health domains to identify where self-tracking of
subjective experience could potentially benefit diagnostics,
health monitoring, or behavior change. For example, future
studies could be conducted to understand to what extent the
observed experienceswould trand ate to objectively measurable
change and how sustainable this change in behavior could be
[14,31,32,43].
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Abstract

Background: Remote patient monitoring (RPM) devices are increasingly being used in caring for patients to reduce risks of
complications. Temperature monitoring specifically has been shownin previous studiesto provide auseful signal of inflammation
that may help prevent foot ulcers.

Objective: In this cross-sectional study, we evaluated utilization data for patients who were prescribed smart socks as remote
temperature monitoring devices.

Methods: Thisstudy evaluated datafrom a patient registry from January to July 2021. The utilization data, which were collected
starting from the first full month since patients were prescribed the smart socks, were evaluated along with retention over time,
the average time that the socks were worn, and the number of days that the socks were worn per month and per week.

Results: A total of 160 patients wore the smart sock RPM device for 22 to 25 days per month on average. The retention rate
was 91.9% (147/160) at the end of the 7-month period; atotal of 13 patientswerelost to follow-up during this period. The average
number of days that the socks were worn per week was 5.8. The percentage of patients with a utilization rate of >15 days ranged
from 79.7% (106/133) to 91.9% (125/136) each month.

Conclusions: This study shows a high level of utilization for a smart sock RPM device and a high compliance rate. A future
prospective study on the clinical outcomes after the use of the smart socks may further solidify the ideaof conducting temperature
monitoring for foot ulcer prevention.

(IMIR Form Res 2022;6(3):€32934) doi:10.2196/32934

KEYWORDS

diabetes; diabetic foot ulcer; temperature monitoring; digital health; wearable; neuropathy; remote patient monitoring; ulcer; foot;
temperature; monitoring; medical device; utilization; risk; complication; registry

: promise of RPM in diabetes management. Su et al [1] examined
Introduction glycemic control for 1354 patients and concluded that patients
Remote patient monitoring (RPM) has emerged as a critical WhO underwent more frequent and regular remote monitoring
method in disease prevention. A wide range of devices are hed lower hemoglobin A, levels than those of patients with
designed to monitor physiologic indicators of clinical interest lower adherence to the program. Further, the willingness to
for avariety of health conditions, especially diabetesand related ~ @dopt remote monitoring was evaluated in 1577 patients with
complications, Studies have demonstrated the efficacy and diabetes, and perceived intrusiveness was a main factor for
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whether a patient would adopt monitoring in diabetes
management [2].

Diabetic foot ulcers (DFUs) are ahighly prevalent complication
for people living with diabetes, who have an estimated 25%
lifetime risk of developing DFUs [3]. Temperature was first
identified as a predictive factor for ulceration by Benbow et al
[4]. Researchers further developed temperature monitoring by
measuring multiple sites on each foot to assess temperature
differentials that may predict the onset of a neuropathic
ulceration [5]. “Areas that are likely to ulcerate have been
associated with increased local skin temperatures due to
inflammation and enzymatic autolysis of tissue” [6]. Identifying
areas of injury through inflammation tracking allows patients
and their providers to intervene to reduce inflammation before
awound develops [6].

Varioustechnol ogies have been devel oped that use temperature
differentials to remotely monitor diabetic foot health [7]. One
technology isasmart sock that can be worn by patients and has
aregular connection to the cloud for the capture and sharing of
temperature datawith health care professionals. The socks have
temperature sensors embedded inside of the fabric, so that it is
soft and comfortablefor the user. The patient dataare monitored
for an elevation in temperature that indicates inflammation—an
early sign of wound formation. Although the socks are mainly
intended for preventative therapy, this product has also been
used to track the course of developing ulcers. Additionally, the
socks can be used by peoplewho have undergone an amputation;
the socks use an ipsilateral temperature algorithm to detect
temperature elevations in 1 foot. Reyzelman et al [8] first
evaluated the smart socksin a 35-patient study; patientsreported
that the socks were easy to use and comfortable, ranking them
with a median score of 9 and 10 for comfort and ease of use,
respectively, on a 10-point scale. These ratings for ease of use
and comfort indicate potentially low intrusiveness and a high
willingness to use smart socks as an RPM device.

In this cross-sectional study, we reviewed real-world datafrom
patientsusing asmart sock temperature monitoring device (Siren
Socks; Siren Care) to assess compliance and utilization levels.
The purpose of this study is to determine how patients adhere
to an RPM program for DFU prevention that involves the use
of smart socks.

https://formative.jmir.org/2022/3/e32934

Scholten et al

Methods

Study Design

Patientsin the Siren Care registry who were enrolled throughout
July 2021 were retrospectively reviewed. This registry is an
institutional review board (IRB)—approved protocol (IRB
submissiontitle: Temperature and Activity Data fromthe* Sren
Socks and Foot Monitoring System” — A Multicenter Post
Market Registry Sudy with Retrospective and Prospective
Analysis; WCG IRB study number: 1284366). The qudification
for subscribing to the smart socks was the diagnosis of
peripheral neuropathy. Theinclusion criteriawere patientsusing
the smart sock temperature monitoring devicefor at least 1 day,
those who were at participating sites, and those who consented
to the registry, as per the IRB-approved protocol. The first
calendar month of utilization was excluded dueto the variability
in which days of the month patients began using the RPM
device. The utilization data were measured as the amount of
time that the socks were worn, as measured by the smart sock
device, in terms of wear time per day as well as the number of
days that the socks were worn per month and per week.

Description of the Temperature Monitoring Device

The smart sock device takes continuous measurements of
temperature at 6 points on each foot (the hallux, the heel, the
arch, metatarsal 1, metatarsal 3, and metatarsal 5). The
temperatureis measured automatically throughout the day. The
socks turn on upon wear and turn off automatically when they
areno longer worn. No charging is necessary by the patient. No
smartphone is necessary to be used by the patient for data
transmission. A hub is plugged into the wall for data
transmission, and monitoring data are also stored on the socks
to alow for monitoring when patients are away from home.
The socks are designed to be machine washable and can be
reused for aperiod of upto 1 year (Figure 1). The socks' lifetime
is around 1 year, but this can be longer depending on usage.
Socks are replaced after normal wear and tear. Data were
collected and monitored by prescribing physicians and their
designated staff. Any temperature differentials greater than 2.2
°C resulted in an alert to a monitoring nurse that required
follow-up via a phone call to the patient.
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Figure 1. The smart sock remote temperature monitoring device (Siren Socks; Siren Care).

Description of Outcome M easures

The primary outcome measure was the number of days that the
socks were worn per month and per week. The secondary
outcome measure was the amount of time that the socks were
worn per day.

Statistical Analysis

Descriptive statistics were performed, and the analysis was
performed by using Microsoft Excel (version 16.51; Microsoft
Corporation).

Table 1. Smart sock utilization (>15 days and >5 days of wear).

Ethics Approval

This study was approved by the WCG IRB (study number:
12843666). If an individual wished to participate in the study,
they were informed about the study objectives, and they could
consent through a mobile app or over the phone after having
started using the socks.

Results

A total of 160 patients met theinclusion criteriaas of July 2021.
Data from previous months of enrollment were included,
beginning in January 2021 (Table 1).

Utilization characteristics January 2021 February 2021 March2021  April 2021 May 2021 June 2021 July 2021
Active patients, n 10 20 23 62 110 133 136
Patients with >15 days of wear, 8 (80) 17 (85) 20 (87) 55 (89) 95 (86) 106 (80) 125 (92)
n (%)

Patients with >5 days of wear, n 10 (100) 20 (100) 22 (96) 60 (97) 108 (98) 125 (94) 132 (97)

(%)

Acrossthe entire studied period, patients wore the socksfor 5.8
(SD 1.7) days per week on average. The median number of days
that the socks were worn was 7 days per week. Further, 93% of
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the time, socks were worn for at least 3 days per week (Table
2).
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Table 2. Smart sock utilization (number of days worn per month and week and number of hours worn per day).

Utilization characteristics January 2021  February 2021 March 2021 April 2021 May 2021  June 2021 July 2021
Number of wear days per month, 23.0(7.8;26) 23.1(7.8;27) 24.8(8.3;28) 23.7(7.2;26) 239(7.4 22.0(8.3;24) 25.6(7.4;
mean (SD; median) 26.5) 29)
Number of wear days per week, 55(2.0;6.5) 6.1(157) 58(1.7;7) 59(15;7) 57(1.7;6) 5.7(1.7;6) 6.0(1.6; 7)
mean (SD; median)

Number of wear hours per day, 12.4(3.1; 13.8 (4.6; 12.6 (5.2; 11.7 (4.4, 11.0 (4.7, 11.0 (4.9, 10.0(5.2;
mean (SD; median) 12.5) 13.7) 13.0) 11.8) 10.6) 11.4) 9.7)

The wear time per day was assessed across all of the months
that the socks were worn. The average wear time per day was
11.0 (SD 4.9) hours, and the median was 11.1 hours (Table 2).

Table 3. Smart sock retention.

Intotal, 24 peopl e ceased to be active during the studied period;
11 patients temporarily paused their use of the socks, and 13
were |ost to follow-up and went off service (Tables 3 and 4).

Retention characteristics January 2021  February 2021 March2021  April 2021  May 2021 June2021 July 2021
Active patients, n 10 20 23 62 110 133 136
Patientsretained (ie, those still activeat the 9 (90) 17 (85) 20 (87) 52 (84) 95 (86) 122 (92) N/A2
end of July), n (%)

8N/A: not applicable.

Table4. Smart sock retention: reasons for inactivity.
Reason Patients, n
Paused temporarily due to other health conditions (eg, healing from surgery, open wounds, or other health issues) 6
Paused while resolving technical issues 3
Paused while waiting for cooler weather 2
Deceased 1
Changed providers when moving into a permanent nursing home 1
Returns related to comfort 2
Returns due to alack of education on the use and intent of the device 4
Lost to follow-up and did not respond to repeated calls 5

Patients' average age at the time of enrollment was 69.9 (SD
10.7; median 71) years. The youngest patient was 37 years old,
and the oldest was 94 years old.

Discussion

Principal Findings

This study appears to be the first to use data from patients who
were being tracked over time during normal pediatric practice
to analyze adherence to and compliance with an RPM device
for plantar foot temperature. Overdll, the temperature monitoring
smart socks offered patients with peripheral neuropathy a
reliable, easy-to-comply, and real-time device designed to help
reducetherisk of foot ulceration. Our findings indicated ahigh
utilization rate of 22 to 25 days per month and a retention rate
of 91.9% (147/160; Table 1). Theinformation transmitted from
the temperature monitoring smart socks thus allowed providers
to closely monitor these high-risk patients.

A number of novel RPM technol ogies have been developed to
provide patients and clinicians with options for monitoring
temperature, as temperature is a physiological indicator of
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inflammation and possibly an early warning sign of foot ulcer
formation [4-6]. However, these RPM technologies' promise
for preventing foot ulcers is based on patients ability and
willingnessto use such devicesin their activities of daily living.
Patients' compliance with the use of medical devicesisknown
to be poor when it is burdensome to their daily life. A prior
study by Armstrong et a [9] found that the utilization rate of
using aremovable cast walker as an offloading devicefor DFUs
was low [10]. The compliance rate for the offloading device
was only as high as 28%. The compliance and utilization rates
for the smart sockswere considerably higher, despitethe average
age of the enrollees at the time of enrollment being 69.9 (SD
10.7) years. This suggests that the technology is easy to use,
even for older users, who are at increased risk of diabetes and
DFUs.

Smart socks, smart pads, and smart insoles are among the RPM
devices discussed in the literature [9,11,12]. The reported
utilization rate of smart insolesis roughly 6.1 to 6.9 hours per
day, and that of the smart pad averagesfrom 1.6 to 4.1 days per
week [13,14]. The smart socks in this study reported a high
utilization and compliance rate; the socks were used for 22 to
25 days per month and 5.8 days per week on average (Table 2).
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The results of this study suggest that the smart sock was used
by patients to a high degree, as patients wore the device for an
average of 22 to 25 days per month during the period studied.
Notably, the percentage of patients that wore the device for at
least 15 daysin amonth ranged from 79.7% (106/133) t0 91.9%
(125/136) for any particular month (Table 1). The number of
patients who wore the RPM device for >5 days per month was
high, ranging from 94% (125/133) to 100% (20/20) each month
(Table 1). This high number of patients suggests that many
patientswho fail to achieve >15 days of wear time can be guided
toincreasetheir frequency of wear. The wear time per day was,
on average, 11.1 hours (Table 2). This suggests that the smart
socks were not worn for a brief period but rather were worn
extensively throughout the day. Given our findings, the smart
socks achieved a high compliance, utilization, and retention
rate.

The retention rate was analyzed to be 91.9% (147/160), with
only 13 patients dropping out by going off serviceeither through
returns or by being lost to follow-up. Further, 11 patients were
still on service, but they temporarily paused their use of the
socks due to comorbidities or technical issues (Table 4). A total
of 160 patients were enrolled, and 149 were still on service by
the end of the study period. Patient retention was reviewed by
month, and many of the patients in the registry were added in
the middle of the study period.

No specific user research was doneinto the reasonsfor the high
compliance and utilization rates, but apossible reason for these
may bethat socks are asimple and unintrusive form for an RPM
device. Additionally, the lack of charging and regular contact
with a nurse for assistance with the RPM services may have
also contributed to the high level of utilization. Further analysis,
perhaps through patient questionnaires, may provide further
insight into the reasons for high utilization. Self-management
and the actual utilization of preventative services and devices
areimportant factorsfor determining health outcomesin chronic
conditions. In general, compliance is defined as “the extent to
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which aperson’sbehavior coincideswith medical advice” [15].
The International Working Group on the Diabetic Foot released
guidelines in 2019 that included a recommendation for
temperature monitoring and a daily self-inspection of feet for
patients at risk of ulceration [16]. The level of compliance to
foot care advice has been studied to alimited degree. One study
found that only 38.7% of a sample of 331 patients examined
their feet 5 to 7 days per week [17]. Adherence to
recommendationsfor foot temperature monitoring has not been
extensively studied. One study did demonstrate that a 50% rate
of adherence to recording foot temperature resulted in a
significantly lower likelihood of developing an ulcer when
compared with lower rates of adherence [18]. These findings
suggest that adherence may be a challenge with regard to
self-management behaviors among patients with diabetes and
that adherence is a meaningful factor. In our study, based on
the early results of the utilization of the smart socks, patients
have a high level of adherence to prescribed advice on wearing
smart socks in areal-world setting.

Thisstudy also hasafew limitations. The period of observation
was limited to 7 months, and many patients entered the registry
during the middle and later parts of the evaluation period.
Further follow-up and a greater number of patients would be
necessary to better assess changes in utilization and retention
over time.

Conclusion

The usefulness of temperature monitoring for podiatric patients
with limited or no protective sensation has been demonstrated
[5,19,20]. Theleve of adherenceto and the utilization of various
temperature monitoring devices need further evaluation. This
study shows a high level of utilization and compliance for a
smart sock remote temperature monitoring device. Further
studieswith larger patient groups and alonger follow-up period
are warranted to better understand the sustained adherence to
RPM among patients with diabetes.
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Abstract

Background: Electronic medical records (EMRS) offer the promise of computationally identifying sarcoidosis cases. However,
the accuracy of identifying these casesin the EMR is unknown.

Objective: Theaim of this study isto determine the statistical performance of using the International Classification of Diseases
(ICD) diagnostic codes to identify patients with sarcoidosis in the EMR.

Methods: We used the |CD diagnostic codesto identify sarcoidosis cases by searching the EMRs of the San Francisco and Palo
Alto Veterans Affairsmedical centersand randomly selecting 200 patients. To improve the diagnostic accuracy of the computational
algorithm in cases where histopathological data are unavailable, we devel oped an index of suspicion to identify caseswith ahigh
index of suspicion for sarcoidosis (confirmed and probable) based on clinical and radiographic features al one using the American
Thoracic Society practice guideline. Through medical record review, we determined the positive predictive value (PPV) of
diagnosing sarcoidosis by two computational methods: using ICD codes alone and using ICD codes plus the high index of
suspicion.

Results:  Among the 200 patients, 158 (79%) had a high index of suspicion for sarcoidosis. Of these 158 patients, 142 (89.9%)
had documentation of nonnecrotizing granuloma, confirming biopsy-proven sarcoidosis. The PPV of using ICD codes alone was
79% (95% CI 78.6%-80.5%) for identifying sarcoidosis cases and 71% (95% Cl 64.7%-77.3%) for identifying histopathol ogically
confirmed sarcoidosisin the EMRs. Theinclusion of the generated high index of suspicion to identify confirmed sarcoidosis cases
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increased the PPV significantly to 100% (95% CI 96.5%-100%). Histopathol ogy documentation alone was 90% sensitive compared

with high index of suspicion.
Conclusions:

ICD codes are reasonable classifiers for identifying sarcoidosis cases within EMRs with a PPV of 79%. Using a

computational algorithm to capture index of suspicion data elements could significantly improve the case-identification accuracy.

(IMIR Form Res 2022;6(3):€31615) doi:10.2196/31615

KEYWORDS

sarcoidosis; electronic medical records, EMRs; computational phenotype; diagnostic codes; Veterans Affairs; VA; practice

guidelines

Introduction

Background

Sarcoidosisisacomplex disease with an unknown etiol ogy that
can involve multiple organs, and no universal or standardized
measures can fully secure its final diagnosis [1-3]. In fact, it
was only recently that the American Thoracic Society (ATS)
published itsfirst practice guideline to provide recommendations
for diagnosing sarcoidosis and the necessary screening tests[3].
The ATS practice guideline for diagnosis requires the presence
of specific clinical and radiographic features, tissue biopsy
revealing nonnecrotizing granulomas, and exclusion of
alternative conditions that can mimic sarcoidosis[1,3,4].

Data from electronic medical records (EMRs) are commonly
used in research and by health care systems, including the United
States Department of Veterans Affairs (VA), to predict outcomes
or assess care quality [5]. EMR data are generally captured in
two forms: (1) structured data, including billing codes such as
the International Classification of Diseases (ICD) codes,
laboratory test results, and procedural codes; and (2) narrative
or unstructured data, including progress notes, pathology
reports, and imaging reports. ICD codes cast a wider net to
capture patientsin the EMR because they include both inpatient
and outpatient claims compared with other classifiers such as
Diagnosis-Related Group that only captureinpatient claims[6].
Unstructured data contain many more details of the clinical
conditions, but extracting these details is challenging and time
consuming. In contrast, structured data are easier to search for,
and they allow for identifying cases computationally using
diagnostic codes. However, diagnostic codes can be inaccurate
and difficult to verify. This is particularly true for the case
definition of sarcoidosis, which is considered a diagnosis of
exclusion and requires a review of clinical, radiological, and
histopathological data for accurate diagnosis [3,7,8]. A few
studies have reported the development of sarcoidosis-specific
“computationally identifying algorithms’ based on structured
data elementsin the EMR, although they were not validated by
manual chart review [9-13]. Another study assessed the accuracy
of using diagnostic codes to identify sarcoidosis cases[14] but
only used the ICD, Ninth Revision (ICD-9) code and not the
ICD, Tenth Revision (ICD-10) code, and it did not include any
computational algorithm development. In addition, previous
studies on the diagnostic accuracy of ICD codes for other
common pulmonary diseasesthat havelessor similar complexity
compared with sarcoidosis, such as chronic obstructive
pulmonary disease, idiopathic pulmonary fibrosis, and asthma,
showed positive predictive values (PPV's) of 42%-67%[15-17].
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Moreover, researchers have previously developed predictive
models and risk scoresto use advanced computational methods
to predict, commonly, less-complex case definitionsinthe EMR
[18-24]. For example, in astudy published by Himes et al [19],
Bayesian network machine learning models were constructed
to predict chronic obstructive pulmonary disease. Therefore,
given the complexity of securing a sarcoidosis diagnosisin the
realm of real-world clinical data, it is essential to develop
automated algorithms to detect confirmed and probable cases
of sarcoidosis using data elements from structured and
unstructured domains by incorporating the ATS diagnostic
criteria[3,25].

First Step

Asthefirst step in evaluating the knowledge gap in developing
future sarcoidosis-specific “computationally identifying
algorithms,” we designed this study (1) to estimate the statistical
performance of using diagnostic codes (ICD-9 and 1CD-10)
alone compared with a new approach that uses additional
information from radiology and clinical domains, but not
histopathology, to inform the utility of these codes for
performing clinical phenotyping of sarcoidosis cases in large
EMR data sets of the VA and (2) to assess the computational
challenges in querying sarcoidosis cases and extracting
high-quality sarcoidosis-related research variables from the
EMR accurately.

Methods

Data Source and Collection

Thiswas an observationa retrospective study of EMRsavailable
through VA Informatics and Computing Infrastructure (VINCI).
VINCI provides access to comprehensive and integrated
veterans' national deidentified data sets and offersthe necessary
computational and analytical toolsin asecure, high-performance
computing environment [26,27]. This study was approved by
the institutional review board of the University of California
San Francisco and the Veterans Health Administration Research
and Devel opment Committee (15-16660). Patients or the public
were not involved in the design, conduct, reporting, or
dissemination plans of our research.

We searched the EMR datain VINCI from 1989 to 2019 and
identified al patients coded as having sarcoidosis in the VA
health care system, as defined by the documentation of the
ICD-9 and ICD-10 codes of 135 and D86.x (including
subcodes), respectively. Datawere extracted through executing
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SQL queriesinan SQL Server 2017 database. A total of 14,833
sarcoidosis cases were identified.

Study Design

To determine the statistical performance of using diagnostic
codes (ICD-9 and ICD-10) in identifying patients with
sarcoidosis from the EMR, initially, we identified patientswith
at least one claim (inpatient or outpatient) of ICD diagnosis
code for sarcoidosis. To ascertain the true diagnosis of
sarcoidosis based on the ATS diagnostic criteria (clinical,
radiographic, and pathological findings, aswell as exclusion of

Seedahmed et &

other causes) [3], 2 clinicians (MIS and IM) performed a
comprehensive chart review. Of the 14,833 identified cases, a
total of 200 (1.35%) were reviewed to limit the required chart
review to a manageable level. As our access to the detailed
medical records was limited to the two medical centers of San
Francisco VA (SFVA) and Palo Alto VA (PAVA), the reviewed
charts were selected from these two centers. We stratified the
list of sarcoidosis cases from the 2 centers by site and used the
lottery method to randomly select 100 patients from each site
without a replacement [28] (Figure 1).

Figure 1. Strengthening the Reporting of Observational Studies in Epidemiology flowchart. Selection criteria for sarcoidosis cases. ATS: American
Thoracic Society; ICD: International Classification of Diseases; PA: Palo Alto; SF: San Francisco; VA: Veterans Affairs.
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On the basis of the ATS practice guidelines, the diagnosis can
be confirmed for those who had a biopsy consistent with
sarcoidosis, as well as consistent clinical and radiological
findings and no evidencefor an alternative diagnosis. However,
the ATS practice guideline committee acknowledged that there
wereclinical situationsinwhich aconfirmatory biopsy may not
beindicated or possible. Accordingly, based onthe ATS practice
guideline, those patients without biopsies can be classified as
probable sarcoidosis[3]. Therefore, given that not all suspected
patients have atissue biopsy in clinical practice, we generated
an index of suspicion for sarcoidosis to identify patients with
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Sarcoidosis cases without
confirmed biopsy according to
ATS practice guideline
(n=16)

sarcoidosis (confirmed and probable) based on clinical and
radiographicinformation, regardless of the availability of biopsy
data, and to assess whether this approach would improve the
diagnostic accuracy. The index of suspicion was applied to the
initial cohort of patientswith |CD codesfor sarcoidosis (n=200).
The clinical and radiological features were extracted from the
available structured and unstructured data without including
the histopathology results. If the patients were documented to
have one or more of these features, they were assigned to the
high index of suspicion group (Textbox 1); otherwise, the
patients were assigned to the low index of suspicion group.
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Textbox 1. Criteriato determine high index of suspicion.
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e Clinical

«  Lupus pernio or erythema nodosum

«  Maculopapular or erythematous skin lesions or nodules

« Facia nerve pasy

o Symmetrical parotid enlargement

«  Optic neuritis, scleritis, uveitis, or retinitis

o  Lacrimal gland swelling

«  Evidence of granulomatous disease on direct laryngoscopy

«  Hepatomegaly or splenomegay

«  Bronchoaveolar lavage lymphocytosis

. Radiologica

radiograph with fibrosis

Clinical and radiological features supportive of the diagnosis of sarcoidosisthat were used for the determination of a high index of suspicion.
Any patientswith at least one of these features wereincluded in the high index of suspicion group:

«  Lofgren syndrome (defined as erythema nodosum, bilateral hilar lymphadenopathy, and polyarthralgia or polyarthritis)

«  Heerfordt syndrome (defined as facial nerve palsy, parotid gland enlargement, anterior uveitis, and low-grade fever)

«  Shortness of breath, dyspnea on exertion, cough, dizziness, or chest pain

«  Pulmonary function test with obstruction, restriction, or low diffusing capacity of the lungs for carbon monoxide
«  Cardiomyopathy, cardiac arrhythmia, or atrioventricular node block

«  Hypercalcemia, hypercalciuria, nephrolithiasis, or abnormal vitamin D levels

«  Elevated angiotensin-converting enzyme inhibitors or soluble interleukin-2 receptors

« Bilateral hilar lymphadenopathy (chest radiograph, computed tomography, and positron emission tomography)
«  Computed tomography chest with perilymphatic nodules tracking the peribronchovascular bundle
« Diffuse infiltrates (chest radiograph, computed tomography, and positron emission tomography) or computed tomography chest or chest

«  Cardiac magnetic resonance imaging or positron emission tomography—computed tomography consistent with sarcoidosis
«  Enlargement or nodulesin liver or spleen (computed tomography, positron emission tomography, or magnetic resonance imaging)
«  Magnetic resonance imaging brain with increased inflammation

«  Extrathoracic enlarged lymph nodes (computed tomography, magnetic resonance imaging, and positron emission tomography)

We then further classified the patients into 3 groups. Patients
with ahighindex of suspicion and documented histopathol ogical
evidence of nonnecrotizing granulomas were categorized into
the group of sarcoidosis with confirmed biopsy. Patients with
a high index of suspicion and either no documented biopsy in
the EMR or abiopsy showing no histopathol ogical evidence of
nonnecrotizing granulomas were categorized into the group of
sarcoidosis without confirmed biopsy (probable sarcoidosis).
Finally, those with a low index of suspicion were categorized
into the group of unlikely sarcoidosis (Figure 1).

Using the index of suspicion restricts the initially developed
sarcoidosis cohort to capture those with ahigh index of suspicion
for sarcoidosis from whom we identified confirmed cases. As
we started with a random sample of those with sarcoidosis
diagnostic codes, the further restriction of the sample to those
with a high index of suspicion was still arandom sample of the
combination of both ICD codes and the index of suspicion. We
compared the statistical performance of the two methods (1CD
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code alone vs ICD code with index of suspicion) to determine
whether the use of this index of suspicion could improve the
PPV of identification of sarcoidosis casesin the EMR.

This approach provides more information than just relying on
ICD codes done to develop robust computationa
sarcoidosis-specific agorithms consistent with the recent ATS
practice guideline recommendations.

Disease-Related Variables

Organ involvement was assessed based on the clinical history
obtained from physicians’ notes and imaging and biopsy reports
available in the computerized patient record system. For this
assessment, to adjust for the variability in providers
documentation, we adapted a set of criteria previously
introduced in the National Institutes of Health—sponsored
Genomic Research in Alpha-1 Antitrypsin Deficiency and
Sarcoidosis (GRADS) study [29].
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We collected the following data from the chart review: clinical
site, gender, race, ICD-9 and | CD-10 codesfor sarcoidosis (135
and D86, respectively), the pathologica diagnosis from any
available biopsy, organ involvement as described in Textbox
2, Scadding staging of chest x-ray (as described in radiology
reports), history of bilateral hilar lymphadenopathy (based on
radiology reports and clinical notes), pulmonary function test
(PFT) pattern (as reported in PFT reports), the clinical status
(acute, chronic, or remitting disease), and the treatment status
of sarcoidosis.

Pathological diagnoses were categorized into primary
histopathological if the data were available in the pathology

Seedahmed et &

report domains and secondary if the data were available only
in the clinical note domains because of either a remote history
of biopsy or because the biopsy had been performed outside the
VA. The PFT reports at the SFVA and PAVA used Crapo
reference equationsto cal culate the lower limit of normal values
for spirometry and lung volume measurements.

Using the clinical datafrom chart abstraction, we classified the
patients into the clinical phenotypes proposed by the GRADS
study, with the exception of multi-organ phenotype, which we
defined as the involvement of >3 organs.

Textbox 2. Organ involvement assessment for sarcoidosis (with and without confirmed biopsy).

Organ and assessment

Lung

«  Positive lung biopsy and positive mediastinal or hilar lymph node biopsy

«  Chest x-ray, computed tomography (CT) chest, or positron emission tomography (PET) demonstrating bilateral hilar lymphadenopathy; CT chest
with perilymphatic nodules tracking the peribronchovascul ar bundle; chest X-ray, CT chest, or PET with diffuseinfiltrates; and CT chest or chest
x-ray (CXR) with fibrosis

«  Pulmonary function test (PFT) with obstruction, restriction, or low diffusing capacity of the lungs for carbon monoxide (DLCO)
Skin
«  Positive skin biopsy

«  Lupus pernio and erythema nodosum

Eye
«  Positive conjunctival or scleral biopsy

o Optic neuritis, scleritis, uveitis, or retinitis

Cardiac

«  Positive heart or pericardium biopsy

« Atrioventricular node block (second or third degree)
«  Cardiomyopathy responsive to treatment

«  Cardiac arrhythmia (eg, ventricular tachycardia)

«  Cardiac magnetic resonance imaging (MRI) or PET-CT consistent with sarcoidosis

Liver or spleen
«  Positive liver or spleen biopsy
«  Enlargement or nodulesin liver or spleen (CT, PET, or MRI)

«  Abnormal liver enzymes

Neurosarcoidosis
« Positive brain or duraor peripheral nerve biopsy

«  Clinica syndrome or symptoms consistent with central nervous system sarcoidosis along with a positive MRI

Ear, nose, and throat
«  Positive biopsy from ear, nose, or throat

«  Direct laryngoscopy consistent with granulomatous disease

Multi-organ involvement

« 23 organsinvolved based on other criteriain thistable
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Statistical Analyses

All statistical analyses were performed with R software (The R
Foundation for Statistical Computing) using RStudio (version
1.2.5). Descriptive statistics were computed to summarize the
data. Categorical variables were presented as the frequency in
percentages, and continuous data were presented as means and
SDs. We estimated the PPV of the two aforementioned
computational diagnostic criteria for sarcoidosis (ICD codes
alone and ICD codes aong with index of suspicion). We did
not report the positive likelihood ratio, given that the specificity
for using ICD codes aone could not be cal culated because our
study design did not include areview of noncases. The PPV for
the criterion of using only the ICD code was calculated as the
number of patients with an ICD code for sarcoidosis divided
by the total number of patients verified to have sarcoidosis by
chart review (gold standard). The PPV for the criterion of using
the ICD codes and index of suspicion was calculated asthe total
number of patients with a high index of suspicion divided by
the number of patients verified to have sarcoidosis by chart
review (gold standard). The sensitivity of histopathology reports
alone compared with chart review was calculated as the total
number of patientswith ahigh index of suspicion and confirmed
biopsy divided by the number of patients verified to have
sarcoidosisby chart review (gold standard). We computed 95%
Cls using the exact binomia method. For our estimates,
significance was defined as P<.05.

Results

Patients Characteristics

A total of 14,833 patients with at least one ICD-9 or ICD-10
diagnostic code of sarcoidosiswereidentified. The study cohort
included patients identified by the ICD codes of sarcoidosis
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(n=200). Of the 200 patients, 158 (79%) had a high index of
suspicion for sarcoidosis based on clinical or radiographic
findings. Of these 158 patients, 108 (68.4%) were identified
with the ICD-9 code of 135 and 50 (31.6%) with the ICD-10
code of D86, and 142 (89.9%) had confirmed sarcoidosis based
on histopathological evidence of nonnecrotizing granulomaand
were classified as having sarcoidosis with confirmed biopsy;
theremaining 16 (10.1%) patientswith ahigh index of suspicion
did not undergo a biopsy and were classified as having
sarcoidosis without confirmed biopsy (probable sarcoidosis;
Figure 1). No patient had nondiagnostic biopsy results for
sarcoidosis.

Table 1 summarizes the demographic data and baseline
characteristics of patients with sarcoidosis (with and without
confirmed biopsy). Among these patients, 89.9% (142/158)
were men and there was a higher representation of African
American patients than non-Hispanic White patients (85/158,
53.8%, vs 52/158, 32.9%, respectively). Overall, 90.5%
(143/158) had a predominant pulmonary phenotype. Among
these, 129 had PFT (36, 27.9%, 28, 21.7%, and 25, 19.4%, with
restrictive, obstructive, and mixed patterns, respectively) and
most were in Scadding stage |1 (47/143, 32.9%), followed by
stage 0 and stage | (27/143, 18.9%, and 26/143, 18.2%,
respectively). There was no significant differencein age between
those who had a biopsy performed to diagnose sarcoidosis and
those who did not (mean 65.5, SD 10.8, years vs mean 69.3,
SD 10.3, years, respectively; P=.18). In terms of clinical
phenotypes, 37.9% (60/158) had a multi-organ disease (=3
organs, there were none with involvement of =5 organs),
followed by stage 11 or stage 111 treated (45/158, 28.5%). Our
study cohort did not include any individuals with acute
presentation (acute, untreated). Some patients overlapped with
multiple clinical groups.
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Table 1. Distribution of characteristics and clinical phenotype groups of patients with sarcoidosis (with and without confirmed biopsy; N=158).

Characteristics Sarcoidosis with confirmed Sarcoidosis without confirmed P value
biopsy (n=142), n (%) biopsy (n=16)2 n (%)
Age (years), mean (SD) 65.5 (10.8) 69.3 (10.3) .18
Sex 59P
Male 127 (89.4) 15 (93.7)
Female 15 (10.6) 1(6.3)
Race 62°
African American 74 (52.1) 11 (68.8)
Non-Hispanic White 49 (34.5) 3(18.8)
Hispanic White 3(21) 0(0)
Unknown 12 (8.5) 2(12.5)
Other 4(2.8) 0(0)
International Classification of Diseases codesfor sarcoidosis 60°
International Classification of Diseases, Ninth Revision 98 (69) 10 (62.5)
International Classification of Diseases, Tenth Revision 44 (30.9) 6(37.5)
Organ involvement 38°¢
Lung 86 (60.6) 12 (75)
Multi-organ (pulmonary without cardiac) 39(27.5) 2(12.5)
Multi-organ (pulmonary and cardiac) 4(2.8) 0(0)
Multi-organ (cardiac without pulmonary) 214 0(0)
Multi-organ (neither cardiac nor pulmonary) 11(7.7) 2(12.5)
Pulmonary function test patternd 03¢
Obstructive 27 (19) 1(6.3)
Restrictive 30(21.1) 6 (37.5)
Mixed 20 (11.9) 5(3L3)
Normal 39 (27.5) 1(6.3)
Missing 26 (18.3) 3(18.8)
Scadding stage® .06°
Stage 0 22 (15.5) 5(31.3)
Stage 23(16.2) 3(18.8)
Stage Il 45 (31.7) 2(12.5)
Stage 1l 17 (11.9) 4(25)
Stage IV 22 (15.5) 0(0)
Missing 13(9.2) 2(125)
Clinical phenotype group' .06°
Group 1: multi-organ 56 (39.4) 4 (25)
Group 2: nonacute, stage |, untreated 6(4.2 2(12.5)
Group 3: stages |1-11, treated 42 (29.6) 3(18.8)
Group 4: stages I1-111, untreated 14 (9.9) 2(12.5)
Group 5: stage 1V, treated 17 (11.9) 0(0)
Group 6: stage 1V, untreated 4(2.8) 2(12.5)
Group 7: acute sarcoidosis, untreated 0(0) 0(0)
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Characteristics Sarcoidosis with confirmed Sarcoidosis without confirmed P value
biopsy (n=142), n (%) biopsy (n=16)2 n (%)
Group 8: remitting, untreated 30(21.1) 5(31.3)
Group 9: cardiac sarcoidosis, treated 6(4.2 0(0)
Probable sarcoidosis: cases with clinical and radiological features consistent with sarcoidosis and do not have confirmatory biopsies.
behi -square test.
CFisher exact test.

9Eval uated based on pulmonary function test reports available in the computerized patient record system.

®Scored based on reviewers' interpretation of imaging reports using Scadding staging. Stage O: normal chest radiograph; stage I: hilar or mediastinal
nodal enlargement only; stage I1: nodal enlargement and parenchymal disease; stage I11: parenchymal disease only; stage IV: end-stage lung disease
(pulmonary fibrosis).

fClinical phenotype groups [29]: some patients overlapped with multiple clinical groups. Group 1: multi-organ involvement, patients with =3 organs
involved; group 2: nonacute, stage |, untreated: patients with nonacute sarcoidosis, stage |, never treated for sarcoidosis; group 3: stage I1-111, treated:
patients with nonacute sarcoidosis, stage Il or 111, formerly treated for sarcoidosis or treated within 3 months of data review; group 4: stage Il-l11,
untreated: patients with nonacute sarcoidosis, stage |1 or 111, never treated for sarcoidosis; group 5: stage |V, treated: patients with nonacute sarcoidosis,
stage 1V, formerly treated for sarcoidosis or treated within 3 months of data review; group 6: stage IV, untreated: patients with nonacute sarcoidosis,
stage 1V, never treated for sarcoidosis; group 7: acute sarcoidosis, untreated: patients with acute sarcoidosis (Lofgren syndrome); group 8: remitting,
untreated: patientswho have had no evidence of activeclinical diseasefor >1 year; group 9: cardiac sarcoidosis, treated: patientswith cardiac manifestations
of sarcoidosis, formerly treated for sarcoidosis or treated within 3 months of data review.

. . 71% (95% Cl 64.7%-77.3%) for identifying histopathol ogically
Diagnostic Accuracy of |CD Codes confirmed sarcoidosis in the EMR. After chart review, the
We then calculated the PPV using ICD codes to identify VA inclusion of the generated high index of suspicion to identify
patients who met the ATS definition of sarcoidosis from the  confirmed sarcoidosis cases increased the PPV significantly to
VINCI database. For this calculation, we used the curated data  100% (95% Cl 96.5%-100%) with 90% sensitivity of

set of 200 patients. The PPV of using only ICD codeswas79%  histopathol ogy reports alone compared with chart review (Table
(95% CI 78.6%-80.5%) for identifying sarcoidosis cases and  2).

Table 2. Contingency 2x2 table of using histopathology reports compared with high index of suspicion for sarcoidosis cases identification (N=200).

Among patients with International Classification of Diseases code for sarcoidosis High index of suspicion® (chart review)

Yes No Total
Histopathology reportb
Confirmed sarcoidosis 142° od 142
Not available® 16' 429 58
Total 158 12 200

3High index of suspicion for sarcoidosis based on both clinical and radiographic evidence but not biopsy.

bavailable bi opsies with primary or secondary histopathological reports.

CSarcoidosis group with histopathological evidence of nonnecrotizing granuloma.

dNo sarcoi dosisgroup because of lack of sufficient clinical and radiological features consistent with sarcoidosis even in the presence of the histopathol ogical
evidence of nonnecrotizing granuloma.

®No biopsies were ordered or available in the electronic medical record.

fProbable sarcoidosis group without histopathological evidence of nonnecrotizing granuloma.

9No sarcoidosis group because of lack of sufficient clinical and radiological features consistent with sarcoidosis, in addition to the absence of the
histopathological evidence of nonnecrotizing granuloma.

; ; defined by the ATS clinical practice guideline. After applying
Discussion the developed index of suspicion to the initial cohort, we also
Principal Findings _demonstrated_ that in(_:Iuding a hi_gh index of_s_Jspicion 'Fhat
incorporated information from radiology and clinical domains,

In this observational retrospective siudy of VA EMRS, we  py+ not histopathology, significantly increased the diagnostic
reviewed the medical records of 200 randomly selected patients accuracy to 100% (95% Cl 96.5%-100%). The results of this

with ICD d_iagnostic cod@for sarcoid_osisfrom the SFVA and study will help researchers and health care systems better
PAVA medical centers (Figure 1). Inthissample, wefound that \qergtand the accuracy of using diagnostic codes alone versus
ICD diagnostic codes performed reasongbly well with aPPV g0 | cD codes with a high index of suspicion for sarcoidosis
of 79% for detecting patients with sarcoidosis and 71% for g | assifiersin detecting acomplex disease such assarcoidosis
detecting patients with histopathologically confirmed casesas  ;, the EMR. Furthermore, the study highlighted other
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computational challenges in querying sarcoidosis cases and
accurately extracting high-quality sarcoidosis-related research
variables from the EMR. This approach could be adapted to
develop automated chart review algorithms using additional
data elements from structured and unstructured domains by
applying advanced computationa methodol ogies such asnatural
language processing (NLP) and machine learning.

The randomly selected cohort of veterans in this study with
sarcoidosis (with and without confirmed biopsy) consisted of
89.9% (142/158) of men and 10.1% (16/158) of women.
Although the gender distribution in our study was different from
that in A Case Control Etiologic Study of Sarcoidosis [30], it
is closely reflective of the demographics in the veterans
population [31]. This study confirmed the higher prevalence of
sarcoidosis in African American individuals (85/158, 53.8%)
compared with non-Hispanic Whiteindividual s (52/158, 32.9%),
afinding that many other epidemiological studieson sarcoidosis
have previously reported [32-36]. At the same time, the study
population wasracially diverse, highlighting the potential utility
of the VA EMRs for studying sarcoidosis in medically
underserved populations [37]. In our study, the PPV was
reasonable compared with the study conducted by Ungprasert
et a [14] for detecting patients with sarcoidosis in the EMR.
This difference could be due to not using the ICD-10 code and
having a less diverse population (85% White vs 9% Black).

Using ICD codesaloneto extract health information isfar more
convenient than the time-consuming process of manually
reviewing narrative data sets in unstructured data. However,
using ICD codes to identify sarcoidosis cases in large data sets
with thousands of patients poses several practical challenges.
First, given the heterogeneity of sarcoidosis, it is challenging
to efficiently confirm the presence of the disease. The
verification process requires careful analysis of the available
narrative data such as progress notes, imaging reports, and
pathology reports to establish the case definition based on the
sarcoidosis diagnostic criteria [3]. Second, the precise
identification of thetype of organ involvement through theEMR
is a complex process and requires a thorough review of
unstructured data. Although there are subcodes for ICD
diagnostic codesthat aim to capture the invol vement of various
organs, health care providers may or may not be familiar with
these subcodes and may or may not use them correctly.

Moreover, there are no specific ICD codes for classifying the
involvement of some organs in sarcoidosis (such as the central
nervous system or gastrointestinal tract) [38]. Third, ICD codes
do not determine the extent of the disease, such as described by
the stages of a chest x-ray [39], because of alack of ICD codes
for different stages of pulmonary sarcoidosis [38]. Analysis of
pulmonary features requires amanual review of every patient’s
radiology reports and cannot be performed using only ICD
codes. Finally, ICD codes do not specify the various sarcoidosis
presentations such as acute, remitting, or chronic disease[29,38].
Thus, they cannot be used to classify patientsinto the previously
described phenotype groups.

The definition of clinical phenotypes has become an essential
goal for the sarcoidosis scientific community because genetic
studies have identified different patterns of gene expression
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associated with disease severity and disease course [40,41]. In
2015, the National Heart, Lung, and Blood Institute held a
workshop to leverage current scientific knowledge and define
platforms to address disease disparities, identify high-risk
phenotypes, and improve sarcoidosis outcomes [25]. A total of
9 different steps and research strategies were recommended to
expand the scope of sarcoidosisresearch, including EM R-based
research, to provide a unified and multidisciplinary approach.
Such an approach is expected to bring together stakeholders
interested in reducing the burden and severity of sarcoidosis.
However, the major barrier in the efficient use of EMR datais
the accurate extraction of research-quality variables, case
definitions, and outcomes [42]. Thus, the rapid identification
of cases and extraction of relevant clinical variables from the
EMR using computational phenotype algorithms have emerged
asan important next step in EMR-based research. Furthermore,
computational phenotype definitions are also essential for
conducting pragmatic clinical trials and comparative
effectiveness research, increasing the health care system's
capacity to effectively deliver precision medicine for patients
with sarcoidosis [43].

The two most applied approaches to defining computational
phenotypes are (1) ahigh-throughput phenotype algorithm using
only structured data (traditionally, the ICD diagnosis codes)
and (2) a low-throughput phenotype algorithm that accesses
structured and unstructured data to develop a sequential
flowchart that should end with a case definition. Such a
low-throughput approach uses high-performance computational
tools such as NLPto process text and extract information using
linguistic rules, thereby eliminating the need for a
labor-intensive manual review by researchers[7]. Accordingly,
this approach is expected to streamline the development of
registriesand hel p enrich EM R-based research studies[44]. Our
study highlights the need to develop such automated methods
to improve the computational case definition of sarcoidosis.
Besides, there are other high-quality sarcoidosis-related research
variables, including determining the date of the diagnosis, organ
involvements, Scadding stages, and the clinical status (acute,
chronic, or remitting disease). This approach will assist in
automating the extraction of pre-existing or novel clinical
phenotypes more precisely and efficiently from the EMR.

Limitations

Our study includes severa limitations. First, primary
histopathological reports were not availablefor all the patients.
In the cases where the biopsy report was unavailable (either
because of aremote history of the biopsy or because the biopsy
had been performed outsidethe VA), werelied on the secondary
histopathol ogical reports documented inthe providers' narrative
within the clinical notes. This approach made the diagnosis of
sarcoidosis |less robust because the confirmatory biopsy reports
in these patients could not be directly verified. However, we
used the index of suspicion approach to define probable
sarcoidosis cases regardless of whether a confirmatory biopsy
report was available, which is consistent with the diagnostic
algorithm recommended by the ATS practice guideline [3].
Second, our definition of multi-organ phenotype involved =3
organs, instead of =5 organs as proposed by the GRADS study
[29]. We chose this approach because none of the evaluated
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patients were documented to have involvement of =5 organs,
thus avoiding having no patients with multi-organ phenotype.
Lack of patients with involvement of =5 organs could be due
to EMR-related limitations such as missing dataand variability
in documentation among providers or simply because these
patients were cared for at non-VA tertiary medical centers.
Third, the generalizability of our findings obtained from VA
EMRsto other populations could belimited because the veterans
form a specia population with a different demographic
distribution and exposure from the general population. However,
the EMR data of the VA health care system cover >22 million
veterans across the United States and >14,000 patients with
sarcoidosis|CD diagnosis codes, providing an enormous number
of patients to study a rare disease. Moreover, the number of
patients whose records were examined in this study was 200,
which could be considered a small sample size. However, we
analyzed data from nearly two-third of al patients with
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diagnostic codes for sarcoidosis in the VA health care system
across northern California.

Conclusions

Although ICD codes can be used as reasonable classifiers to
identify sarcoidosis cases within EMRs with a PPV of 79%,
using computational algorithms to extract clinica and
radiographic information (index of suspicion) from unstructured
data could significantly improve the accuracy of case
identification. Furthermore, to increase the efficiency of
identifying sarcoidosis cases from large health care databases,
more studies are required to devel op anovel sarcoidosis-specific
computational phenotype al gorithm using automated emerging
methods (such as machine learning and NLP). Moreover, our
study setsthe stage for promoting research on devel oping other
such agorithms aming to generate high-quality
sarcoidosis-related research variables, such as determining the
date of the diagnosis, organ involvements, Scadding stages, and
the clinical status (acute, chronic, or remitting disease).
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Abstract

Background: Increasing physical activity (PA) behavior remains apublic health priority, and wearable technology isincreasingly
being used to support behavior change efforts. Using wearables to capture and provide comprehensive, visualy persuasive,
multidimensional feedback with real-time support may be apromising way of increasing PA in inactive individuals.

Objective: Thisstudy aimsto explorewhether a6-week self-monitoring i ntervention using composite web-based multidimensional
PA feedback with real-time daily feedback supportsincreased PA in adults.

Methods: A 6-week, mixed methods, 2-armed exploratory randomized controlled trial with 6-week follow-up was used, whereby
low to moderately active (PA level [PAL] <2.0) adults (mean age 51.3 years, SD 8.4 years;, women 28/51, 55%) were randomly
assigned to receive the self-monitoring intervention (36/51, 71%) or waiting list control (15/51, 29%). Assessment of PA across
multiple health-harnessing PA dimensions (eg, PAL, weekly moderate to vigorous intensity PA, sedentary time, and steps),
psychosocial cognitions (eg, behavioral regulation, barrier self-efficacy, and habit strength), and health were made at the
prerandomization baseline at 6 and 12 weeks. An exploratory anaysis of the mean difference and Cls was conducted using the
analysis of covariance model. After the 12-week assessment, intervention participants were interviewed to explore their views
on the program.

Results: There were no notable differences in any PA outcome immediately after the intervention; however, at 12 weeks,
moderate-to-large effects were observed with a mean difference in PAL of 0.09 (95% CI 0.02-0.15; effect size [Hedges g] 0.8),
daily moderate-intensity PA of 24 (95% CI 0-45; Hedges g=0.6) minutes, weekly moderate-to-vigorousintensity PA of 195 (95%
Cl 58-331; Hedges g=0.8) minutes, and steps of 1545 (95% CI 581-2553; Hedges g=0.7). Descriptive analyses suggested that
the differencesin PA at 12 weeks were more pronounced in women and participants with lower baseline PA levels. Immediately
after the intervention, there were favorabl e differences in autonomous motivation, controlled motivation, perceived competence
for PA, and barrier self-efficacy, with the latter sustained at follow-up. Qualitative data implied that the intervention was highly
informative for participants and that the real-time feedback element was particularly useful in providing tangible, day-to-day
behavioral support.

Conclusions: Using wearable trackers to capture and present sophisticated multidimensional PA feedback combined with
discrete real-time support may be auseful way of facilitating changesin behavior. Further investigation into the ways of optimizing
the use of wearablesin inactive participants and testing the efficacy of this approach via arobust study design is warranted.

Trial Registration: Clinical Trials.gov NCT02432924; https://clinicaltrials.gov/ct2/show/NCT02432924

(IMIR Form Res 2022;6(3):€26525) doi:10.2196/26525
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Introduction

Background

The hedlth benefits of leading a physicaly active life are
well-established with higher volumes of physical activity (PA),
reducing therisk of numerous chronic diseases, mood disorders,
and premature mortality [1-3]. In contrast, physical inactivity
and prolonged sedentary time have been shown to be
independent risk factors for noncommunicable conditions,
including type 2 diabetes, cardiovascular disease, cancer, and
musculoskeletal disease [4-6]. In addition to heath and
well-being ramifications, it is estimated that physical inactivity
costs US $53.8 billion for health care systems around the world
[7]. Collectively, such data stress the need for wide-reaching,
cost-effective  solutions. The availability, accuracy, and
popularity of wearable technology for capturing PA behavior
has surged in recent years and presents a potentially useful,
affordable, and accessibletool for driving increasesin PA levels
[8,9]. However, commercial activity monitors are typically
marketed at, and used by, young adultswho haverelatively high
baseline PA levels as a means of monitoring exercise
performance. Thus, the effectiveness of PA monitoring in
inactive populations remains understudied and undetermined
[10]. Sophisticated monitoring technol ogy enables personalized
motivational and persuasive feedback for individualswho would
benefit from an increasein PA [11].

There are multiple dimensions of PA behavior that can
independently affect health and well-being [12,13]. Analysis
of wearable-derived data shows that individuals can score high
and low on any number of these health-harnessing dimensions
such as sedentary time, moderate to vigorous PA (MVPA), and
overall energy expenditure [14,15], which could present a
challenge when providing feedback on the appropriateness of
on€'s behavior. However, this understanding could also be
beneficial, as each dimension can be presented as a unique
opportunity for behavior change and, in principle, help
individuals find bespoke solutions across a person’s day, which
can help them overcome personal barriers or anchor them to
their particular health goals [16]. Moreover, recipients can use
reliable multidimensional PA feedback to understand and
mitigate against compensatory changes in one aspect of their
behavior in response to an attempt to alter another (eg, replacing
moderate habitual activity with sedentary timein responseto a
new exercise regime). Preliminary qualitative data suggest that
presenting multiple health-harnessing dimensions to adults is
an acceptable, comprehensible, and motivating means of
communication that could be readily implemented to support
behavior change [17].

The Multidimensional Individualized Physica Activity
(MIPACT) trial [18] examined whether a 12-week
self-monitoring intervention incorporating multidimensional
feedback alongside brief trainer support led to increasesin PA
behavior among adults at risk of chronic disease. After 3 and
12 months, there was very little change in behavior using this

https://formative.jmir.org/2022/3/e26525

approach despite excellent compliance and adherence [19]. In
MIPACT, participants received personal feedback on their
multidimensional PA profile and both time spent and energy
expended at different PA intensities via the manua upload of
data from the monitor to a web-based app for viewing their
behavior retrospectively. Although this approach is educational
and might raise awareness about past behavior [20,21], other
persuasive behavioral techniques to support ongoing, acute
regulation of behavior or habit formation may be important
precursors of sustained change [22,23].

Interventions that have used continuous real-time PA feedback
(eg, pedometers) have shown promise in supporting changesin
PA behavior [24-27]. By extending such work, real-time
feedback provided across multiple PA dimensions might
compliment amore holistic composite of PA feedback to provide
both abigger picture aswell as atime-segmented appreciation
of PA within the context of people’sdaily lives. In other words,
providing informative dataabout their progresstoward adiscrete
and achievable activity target in real time can alow people to
make quick behavioral adjustments and work toward their
overall weekly health goal. The key to such an endeavor isthe
use of wearabl e technologiesto provide informational feedback
and primes based on real-time assessments so as to best
capitalize on within-activity motivation quality [28].

To best use technological advancements to improve health and
well-being, the use of an appropriate motivational theory is a
necessity [28]. Self-determination theory (SDT) isabroad and
empirically based theory of motivation that provides insight
into how to trandate informational feedback [29]. At the heart
of the SDT is the proposition that people have 3 universal and
essential  necessities for wellness, healthy functioning,
development, and growth, namely the satisfaction of the
psychological needs of autonomy, competence, and rel atedness
[28]. In PA and exercise settings, empirical research has
supported the role of need satisfaction in supporting high-quality
forms of motivation (ie, autonomous, wherein intrinsic
enjoyment and value of the behavior or identified congruence
with self-identity guide behavior), better experiences, and higher
well-being [28]. Research has aso shown autonomous
motivation toward exercise to positively predict objectively
assessed exercise bouts [30].

Within SDT, it is postulated that when social inputs such as
those inherent within interpersonal interactions or embedded
ininformational, real-time feedback satisfy basic psychological
needs for autonomy, competence, and relatedness, people are
motivated to act for high-quality reasons and experience greater
well-being and better experiential outcomes [31]. Applied to
the current work, the use of sophisticated PA datavisualizations
with light touch trainer support, self-monitoring, and real-time
feedback was designed to support autonomy (eg, via the
provision of choice, exploring new activities or options, and
use of meaningful rationales), competence (eg, through the
promotion of self-monitoring and clear, constructive, and
relevant feedback), and relatedness (eg, demonstrating interest
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in people and acknowledging and respecting their perspectives
and feelings).

Objective

The primary aim of the present work is to explore whether the
provision of sophisticated visual feedback with additional
real-time feedback across multiple dimensions of PA supports
changes in PA behavior. The secondary aims are to examine
whether any changes in behavior lead to meaningful changes
in health status over 12 weeks or whether any psychological
variables change in response to the intervention. A
supplementary aim is to explore the thoughts and feelings of
intervention participantsto further understand and explain their
engagement with and impact of the program.

Methods

Study Design

To explore the efficacy of using combined, multidimensional,
composite, and real-time PA feedback on behavior change, a
pilot 12-week, 2-armed randomized controlled trial (RCT)
design with quantitative and qualitative evaluation was used.
The study wasregistered at Clinical Trials.gov (NCT02432924)
and received ethical approval from the University of Bath's
research ethics approval committeefor health (reference number:
EP 14/15 10). Study outcomes were assessed on 3 occasions.
The first 2 assessments were taken before and after a 6-week
self-monitoring intervention (or usual behavior if contral), with
the third assessment following afurther 6-week follow-up period
in which participants were without feedback. Control
participants were offered a 6-week feedback intervention after
their third assessment, whereas the intervention group
participants were invited to undertake a one-on-one,
semistructured interview to provide rich insights into their
experience of the intervention.

Participants

Participants were men and women aged between 40 and 70
years who responded to advertisements through the external
university webpages, Twitter, and local newspaper articles for
people who did not feel they were currently very active. All
participants who inquired were sent a participant information
sheet and subsequently screened for eligibility via atelephone
cal. Volunteers were deemed ineligible if they were actively
being treated for a chronic disease that might have impeded
their ability to changetheir PA (coronary heart disease, chronic
kidney disease [stages 3-5], diabetes mellitus, stroke, heart
failure, and peripheral arterial disease) or if they had aPA level
(PAL; total energy expenditure divided by resting metabolic
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rate) of <2.0, which has been categorized by the World Health
Organization as representing a highly active lifestyle [32]. The
exploratory nature of this study meant that no formal sample
size calculation was undertaken.

Intervention

Waiting List Control Arm

Thewaiting list control group was encouraged to conduct their
usua behavior until they had had 2 further assessmentsin line
with those of the intervention group (ie, 6 and 12 weeks after
randomization). At thetime of revealing their all ocation, waiting
list participants were informed that upon completion of thethird
assessment, they would be able to receive the 6-week
self-monitoring intervention in full (without any further
follow-up assessment) but to carry on as norma in the
meantime.

I ntervention Arm (6-Week Active I ntervention and
6-Week Follow-up)

Participants randomized to the intervention group returned to
the University of Bath at their earliest convenienceto undertake
a set-up session. Here, participants were shown
multidimensional feedback on their weekly PA using the
MIPACT web platform, as described by Peacock et al [18].
Briefly, thewebsite providesinformational feedback intheform
of visual representations of their behavior acrossa 7-day period.
To this end, the feedback encompasses five key health targets
(Figure 1A): daily calorie burn, sedentary time, accumulated
daily minutes of moderate-intensity activity, weekly MVPA in
at least 10-minute bouts, and weekly vigorous-intensity activity
accumulated in at least 10-minute bouts. Using asimplified and
more detailed graphic, participants were shown each target
attainment using a traffic light system where green would
indicate a hit target, amber would indicate close to the target,
and red would indicate a missed target.

Additional feedback was provided in the form of 24-hour PA
patternsthat were color coded to indicate the intensity of activity
at agiven minute of the day (Figure 1B). Theweb platform also
included 2 interactive tabs whereby participants could tag
activities to learn about and explore the specific intensity and
energy expenditure of a given activity or period (Figure 1C)
and forward plan future activities that could be superimposed
on a given week’s PA patterns to visualize and explore the
impact of adding new or existing activitieson their health targets
(Figure 1D). The Ainsworth Compendium of Physical Activities
[33] was used asthe basisfor calculating the intensity category
and personalized energy expenditure for each added activity in
the menu of PAs.
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Figure 1. Features and examples of feedback and functions included on the Multidimensional Individualized Physical Activity web-based platform.
(A) Participants were provided feedback using a traffic light—colored health target attainment schematic across the five dimensions and (B) detailed
activity patterns and time use summaries colored in accordance with the intensity of activity during each given minute. (C) Participants were also able
to review specific segments of aday to learn about the energy cost and intensity of particular activities and (D) were provided with a planning section
where they could see how the addition of new activities, derived from the Ainsworth compendium [33], would affect their health targets if imposed
over their existing week.

A) Multidimensional health target attainment

Health Wheel Health Bar tlose

Select another segment to view its detailed data ee how

B) Daily physical activity patterns and summary graphs

Daily Activity Daily Summary

® 024
@ 00:00
®
e0
C) Review section D) Planning section
Bars Weekly Activity
U Pt 1 TS Y
R W U T [T
| |
ST TN P - :
Il m L J o =
YTy TN Y
Add Tag

03 Aoty

_.__HI.INLLLLAL.I.I.“ LT T Fo

- NA W Tudy houma 130

For the real-time feedback element, participantswere provided armband. The small clip-on display provided feedback on daily
with a Bodymedia Mini (Sensewear; version 8.0) monitor, a accumulated minutes of moderate-intensity activity and minutes
smaller model that uses the same algorithms and sensorsasthe  of vigorous-intensity activity, calories, and steps that were
Bodymedia Core used for the assessments, and an accompanying  contextualized alongside the web platform’s moderate, vigorous,
real-time analog display that synced data directly from the calorie burn, and nonsedentary time goals, respectively. In

https://formative.jmir.org/2022/3/e26525 JMIR Form Res 2022 | val. 6 | iss. 3 |e26525 | p.60
(page number not for citation purposes)

RenderX


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

JMIR FORMATIVE RESEARCH

addition to rea-time data, the display also stores the total
24-hour values for the previous day and enables users to set
personalized targets for each of the 4 activity metrics. If targets
were met, acongratul atory message was displayed on the screen,
and an alarm sounded to inform the user of their success.

Participants were given an operating manual for the device and
encouraged to use it as often as they felt necessary during the
6-week period. Over the course of the intervention period, the
participant and researcher met a further 3 times to upload new
data from the armband to the MIPACT web platform at weeks
2, 4, and 6. These 15-minute informal sessions afforded each
participant the opportunity to troubleshoot any technical queries,
get help interpreting their personal multidimensional web
feedback, and discuss new plans of action for change. Each
session was delivered in a need-supportive manner,
encompassing the provision of participant choice; exploration
of new activities or plans; and promotion of self-monitoring
with clear, constructive, and relevant feedback while taking a
clear interest in the perspectives and feelings of the participant
[34].

M easurement Procedures

Overview

The baseline laboratory session lasted approximately 45 minutes
and involved the signing of informed consent, completion of a
guestionnaire pack, measurement of brachial seated blood
pressure, measurement of anthropometric elements, and retrieval
of a fasting venous blood sample from the antecubital vein.
Participants were asked to attend the session having abstained
from food or caffeine for a minimum of 10 hours. At the end
of the session, participants were provided with a PA monitor
and instructed to wear the device for 7 consecutive days,
removing solely for water-based activities. Participants were
also provided with a preaddressed envel ope with which to return
the activity monitor. The Index of Multiple Deprivation was
calculated using participants’ postcode on the UK government
English indices of deprivation webtool [35], and deprivation
decile was extracted for each participant [36]. All procedures
other than the signing of informed consent were replicated at
the 6- and 12-week follow-up assessment time points.

Primary Outcome: PA

PA was measured using the Bodymedia Mini (Sensewear;
version 8.0), which has been shown to accurately measure
minute-by-minute energy expenditure [37,38]. To be included
inthe analysis, participants required aminimum of 6 valid days
that included 80% of an assumed 16-hour waking day. On
occasions where participants removed the device during sleep
or at other times, the estimated resting metabolic rate [39] was
assigned to missing data pointsto complete the 24-hour period.
Minute-by-minute energy expenditure was used to determine
time (minutes) spent in each of the activity intensity thresholds
(sedentary: <1.8 metabolic equivalent of tasks [METS]; light:
>1.8 and <3.0 METs, moderate: =3.0 and <6.0 METS; vigorous:
>6.0 METS) [40]. These data were used to determine changes
in each of the key health-harnessing PA dimensions used in the
feedback, including (1) PAL (total energy expenditure divided
by resting metabolic rate), (2) sedentary time (percentage of
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waking day) and accumulated 1-minute bouts of
moderate-intensity activity (minutes per day), (3) MVPA
accumulated in bouts of =10 minutes (per week), and (5)
vigorous-intensity activity accumulated in bouts of >10 minutes
(per week). The mean daily stepswere also determined for each
assessment.

Secondary Outcomes. Health Markers

Blood pressure was measured using an automatic
sphygmomanometer immediately after 15 minutes of isolated
rest. A total of 3 measurements were taken at least 1 minute
apart, and the mean of the readings was used as the recorded
value. Height was measured without shoes to the nearest
millimeter using a Seca stadiometer and weight to the nearest
100 g using a set of digital Tanita (BC-543) scales. These
measures were used to calculae BMI (kg/m?) for each
participant. Waist circumference measurements were taken to
the nearest millimeter using a Hoechstmass tape measure placed
paralld to the floor at the midpoint between theiliac crest and
the lowest palpable rib after gentle exhalation. The mean of 3
measurements was taken provided they were within 0.5 cm of
one ancther. A 10 mL fasted venous blood sample was taken
at each assessment and used to measure concentrations of plasma
glucose, insulin, total cholesterol, high-density lipoprotein
cholesterol, low-density lipoprotein cholesteral, triglycerides,
and C-reactive protein. These metabolic biomarkers were
quantified using commercialy available spectrophotometric
assays (Randox Laboratories, Co) and enzyme-linked
immunosorbent assay (serum insulin only: MercodiaAB). The
homeostasis model assessment cal culator was used to estimate
insulin resistance (Homeostatic Model Assessment of Insulin
Resistance-2).

Each participant also completed the EuroQol (EQ) 5-dimension
5-level questionnaire [41], which measures the quality of life
acrossfive dimensions: mobility, self-care, usual activities, pain
or discomfort, and anxiety or depression. The EQ visual analog
scale was used to record patients' overall perception of their
health from 0 (worst imaginable) to 100 (best imaginable). The
Short Form-36 (SF-36) Health Survey Questionnaire was used
to determine any changes in perceived physical and mental
health [42]. In total, eight health concepts were measured by
the SF-36, with four scales each loaded onto two higher-order
factors: physical (physical functioning, physical impact onrole,
bodily pain, and general health) and mental (ie, vitality, social
functioning, emotional impact on role, and mental health) health
[43]. Using the standardized scoring algorithms outlined by
Wareet al [43], component summary scoreswere computed for
physical and mental health ranging from 0 to 100, with higher
scores representing better health status.

Secondary Outcomes. Motivation and Psychological
Variables

The questionnaire pack included acollection of instrumentsfor
which the reliability and validity of the scores have been
described at length by the respective cited authors. Where
necessary, the stem of the respective questionswas altered from
its original wording to refer to PA rather than exercise. To
measure participants motivation, as propagated within SDT,
the Psychological Need Satisfaction in Exercise scale [44] was
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used to measure autonomy, competence, and relatedness, and
the Behavioral Regulation in Exercise Questionnaire-2 [45] was
used to explore the participants' motivation to engage in PA
(ie, autonomous and controlled reasons). Perceived competence
in PA [46] was also included as a more specific measure of an
individual's self-belief. The Barrier Self-Efficacy scale [47]
was included to determine whether the intervention changed
people's confidence to undergo PA in the face of common
obstacles, and the Self-Report Habit Index [48] was used to
determine the automaticity of PA behavior. The Subjective
Vitality Scale [49] was used to detect changesin vitality.

Postintervention | nterviews

Participants who successfully completed the intervention were
invited to attend a one-on-one semistructured interview to
discuss their experience with the program once all follow-up
assessments were completed. The topic guide for these
interviews (shown in full in Multimedia Appendix 1) included
guestions to capture participants views on the utility and
retrospective and prospective impact of the intervention for
them and unpick the aspects that were most useful and those
that might beimproved. Theinterviewstypically lasted between
15 and 25 minutes and were recorded using an Olympus digital
voice recorder. In addition, al intervention participants
completed afeedback form that included rating scalesfor aspects
of thereal-time display (overall, personal targets, calories, steps,
moderate and vigorous activity) and web-based feedback
(overall, health targets, activity patterns, review function, and
planning function). Scores ranged from 1=not useful at al and
3=somewhat useful to 5=extremely useful, with a 0 option if
the element in question was not used.

Analysis

Mean differences between intervention and control group
participants for 6- and 12-week PA and 95% Cls across each
of the 6 feedback dimensionswere calculated using an analysis
of covariance model [50]. Covariates included baseline values
of each outcome variable to control for chance imbalances at
baseline (accounting for any unequal variance because of
unegual group allocation) and the factors used in balancing the
groups (sex and weight status) [51]. Bias-corrected and
accelerated bootstrapping was used to verify Cls via 5000
replications, asthis approach has been recommended to provide
more accurate estimates of SEs and Cls with smaller sample
sizes[52-54]. The same analysiswas used to explore differences
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in health outcomes and psychosocial variables at 6 and 12
weeks. Effect sizes (Hedges g) are provided for the mean
difference between intervention and control acrosseach variable
and areinterpreted as 0.2, 0.5, and 0.8 for small, moderate, and
large effects, respectively [55]. A post hoc subgroup analysis
to explore interactions with covariates observed at 12 weeks
was performed, whereby unadjusted means and SDs were
caculated to explore whether mae versus female and
participants with low versus high baseline PA had more
pronounced changesin PA data.

Qualitative interviews were interpreted using descriptive
deductive and inductive qualitative analyses based on the
principlesof thematic analysis[56]. Audio filesweretranscribed
verbatim and uploaded to NVivo (version 11; QRS International)
for coding and analysis. The lead author, who conducted the
interviews, reread through each participant transcript for
familiarization and then coded themes within the data. When
all transcripts were coded, the themes were compared among
participants, and common recurring viewpoints and other
important insights were presented in the Results section as
themes.

Results

Participants

Figure 2 shows the flow of the participants through the study.
Of the 102 inquiries, 57 (55.9%) participants were eligible, of
whom 5 (9%) were excluded for being too active (PAL =2.0)
at baseline, and 1 (2%) withdrew because of an alergic reaction
to the PA assessment device; therefore, 51 (89%) participants
were randomized into either the intervention group or the
waiting list control groupin a2:1 alocation ratio to learn more
about the intervention. A statistician external to the research
team compl eted randomization and did not disclose any of the
details before the completion of recruitment. The statistician
stratified the participants by sex (male or female) and weight

status (with BMI =30 kg/m? as the binary cutoff point) using a
block size of 6 (which was revealed to the researcher team after
the study), giving an overall alocation of 36:15 in favor of the
intervention group. No participant withdrew from the study,
although one of theintervention participants declined to undergo
the end-of-intervention interview. The baseline characteristics
of the participants are displayed in Table 1.
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Figure2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram demonstrating participants’ progress through the study.
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Table 1. Baseline characteristics of study participants (N=51).

Western et d

Characteristic All Intervention (n=36) Control (n=15)
Age (years), mean (SD) 51.3 (8.4) 52.3(8.2) 50.1(8.3)
Age (years), n (%)

40-55 33 (65) 23 (64) 10 (67)

55-70 18(35) 13 (36) 5(33)
Female 28 (55) 20 (55) 8(53)
Ethnicity (White British) 46 (90) 32(88) 14 (93)
Marital status, n (%)

Married or cohabiting 42 (82) 30(83) 12 (80)

Single, divorced, or widowed 9(18) 6 (17) 3(20)
Education, n (%)

GCSE? 3(6) 3(8) 0(0)

A-level 4(8) 3(8) 1(7)

First degree 24 (47) 17 (47) 7 (47)

Higher degree 20 (39) 13 (36) 7 (47)
Index of Multiple Deprivationb (decile), mean (SD) 8.0(24) 79(2.3) 8.2(2.6)
Index of Multiple Deprivation (decile), n (%)

1-5 11(22) 8(23) 3(20)

6-10 39(78) 27 (77) 12 (80)
Smoker 24 0(0) 2(13)

8GCSE: General Certificate of Secondary Education.
Bindex of Multi ple Deprivation based on postcode calculated [35].

Primary Outcome: PA

All 51 participants provided complete PA data at the 6- and
12-week time points and baseline and were therefore included
inthe exploratory analysis of the primary outcome. The baseline
characteristics of the participants are shown in Table 1. The
total 24-hour wear time across the week for the 3 assessment
time points was, on average, 98% (SD 1.6%), 96% (SD 8.2%),
and 95% (SD 8.1%) in the intervention group and 95% (SD
7.9%), 95% (SD 8.7%), and 94% (SD 12.4%) in the control
group, respectively. Table 2 showsthe adjusted mean difference
(95% Cls) between the intervention and control groups at the
6- and 12-week time points and effect sizes for each PA
outcome.

https://formative.jmir.org/2022/3/e26525

RenderX

There were no observed differencesin any PA outcomes at the
6-week end-of-intervention assessment. At 12 weeks, relative
to control participants, the intervention group had reduced mean
daily sedentary time by —40 (95% CI -76 to —4) min/day and
increased light-intensity activity by 14 (95% Cl -78 to 45)
minutes per day, moderate-intensity activity by 22 (95% ClI
1-45) minutes per day, and vigorous-intensity activity by 2 (95%
Cl -1 to 6) minutes per day. Post hoc descriptive analysis of
subgroups indicated that changesin PA were more pronounced
in female participants than in males and for individuals with
lower baseline PA levels at 12 weeks (Multimedia Appendix
2, Tables S1 and S2).
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Table 2. Mean scores, adjusted mean difference between intervention and control groups, and effect sizes (with 95% CIs) across physical activity

dimensions at 6 and 12 weeks.

Western et d

QOutcome and time point

Intervention (n=36)% mean (95% Control (n=15)2 mean

Adjusted mean difference®?

Effect size, Hedges g

cl (95% Cl) (95% Cl) (95%CI)

PAL%Y (TEE® divided by RMRY)

Basdline 1.61 (1.55 to 1.66) 1.62 (1.55t0 1.68) N/AY N/A

Week 6 1.62 (1.57 to 1.67) 1.65 (1.58 to 1.72) -0.02 (-0.10 to 0.04) -0.2(-0.8t00.4)

Week 12 1.67 (1.63t01.72) 1.58 (1.52t0 1.64) 0.09 (0.02 to 0.15) 0.8(0.2t01.4)
Sedentary time" (percentage waking day)

Basdline 69 (66 to 73) 69 (64 to 73) N/A N/A

Week 6 69 (66 t0 72) 66 (62 to 70) 3(-2t08) 0.3(-3100.9)

Week 12 66 (63 to 69) 70 (65 to 74) -4(-8t0 1) -05(-1.1t00.1)
Moderate activityi (minutes per day)

Basdline 111 (94 to 129) 117 (99 to 135) N/A N/A

Week 6 118 (105 to 130) 127 (107 to 148) -10(-2810 8) -0.3(-0.9t00.3)

Week 12 132 (1180 147) 109 (89 to 131) 24 (0to 45) 0.6(0.0t01.2)
Vigorous bouts (minutes per week)

Basdline 42 (2310 65) 26 (12 t0 43) N/A N/A

Week 6 48 (30 to 70) 46 (2410 71) 2 (-2410 28) 0.0 (-0.6 10 0.6)

Week 12 50 (30 to 73) 33 (14 to 55) 18 (-5 to 41) 0.4 (-0.2t0 1.0)
MVPAK boutd (minutes per week)

Basdline 539 (435 to 646) 509 (400 to 622) N/A N/A

Week 6 584 (495 to 675) 580 (441 to 725) 4 (-126't0 136) 0.0 (-0.6t0 0.6)

Week 12 658 (571 to 750) 462 (340 to 587) 195 (58 to 331) 0.8(0.2t01.4)
Steps' (steps per day)

Baseline 7403 (6705 to 8093) 7767 (6626 to 8884) N/A N/A

Week 6 8207 (7269 to 9114) 8280 (7268 to 9114) -73 (1122 t0 1017) 0.0(-0.6t00.6)

Week 12 8782 (7987 to 9656) 7236 (6496 to 7991) 1545 (581 to 2553) 0.7 (0.1t0 1.3)

8ClIswere verified using a bias-corrected and accelerated bootstrap with 5000 replications.

bCovariates included stratified randomization factors (BMI at baseline and sex) and baseline scores for the respective outcome variables.
CPAL: physical activity level.
IMean total daily energy expenditure divided by daily resting metabolic rate.

®TEE: total energy expenditure.

‘RMR: resting metabolic rate.

IN/A: not applicable.

hPer(:entage of waking day.

TAIl minutes =3 metabolic equivalents of task.

J'Activity =6 metabolic equivalents of task (vigorous) or =3 metabolic equivalents of task (MVPA) accumulated in =10 minutes was counted.
KMV PA: moderate to vigorous physical activity.

'Mean daily step count.

) . of the SF-36 improved in the intervention group at 12 weeks;
Secondary Outcomes: Health and Well-being however, neither the SF-S6 nor the physical component

There were no 6- or 12-week differences in any of the summary, EQ 5-dimension 5-level questionnaire, or visual
cardiometabolic health outcomes measured between the analog scale scores were different at any other time point. The

intervention and control groups, except for insulin resistance  haseline, 6-week, and 12-week scoresfor al variables are shown
calculated at week 12. The mental health component summary  jn Table 3.
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Table 3. Secondary health and psychosocial outcomes at 6 and 12 weeks (N=51)2.

Western et d

Outcome and week Baseling, mean (SD)  Intervention, mean Control, mean (95%  Adjusted mean difference  Effect size
(95% C1P) ci®) (95% CIP) (Hedges )
Health and well-being

Systolic blood pressure (mm Hg)

6 weeks 124 (14) 123 (118 to 128) 123 (118 to 128) 0.2 (—4.69 t0 4.86) 0.02

12 weeks 124 (14) 124 (120 to 127) 120 (113 t0 127) 4.33(-3.33t0 11.43) 0.43
Diastolic blood pressure (mm Hg)

6 weeks 86 (10) 86 (83 to 90) 88 (83 t0 93) -1.53(-6.03t0 3.21) -0.20

12 weeks 86 (10) 88 (8510 91) 86 (810 91) 1.85(-3.8810 7.79) 0.21
Body mass (kg)

6 weeks 81.9 (14.4) 816(77.8t0854)  82.3(786t086.1)  -0.74 (—1.86t0 0.49) -0.44

12 weeks 81.9 (14.4) 81.8(78.2t0854)  82.6(791086.4) -0.81 (-210 0.36) -0.33
Waist circumference (cm)

6 weeks 91.8(11.9) 89.9(86.61093.3)  90.8(87.31094.4)  -0.93 (-2.47100.81) -0.32

12 weeks 91.8(11.9) 89.2(86.1t0924)  89.2(857t092.9)  0.01(-1.67to 1.77) 0.00
Glucose (mmol/L)

6 weeks 5.3(0.7) 5.3(5.1t05.5) 5.4 (5.2t0 5.6) -0.08 (-0.32 t0 0.17) -0.22

12 weeks 5.3(0.7) 5.3(5.1,5.5) 55 (5.3105.7) -0.15 (-0.43t0 0.13) -0.36
Insulin (mlU/mL)

6 weeks 6.7 (3.8) 6.4(5.2107.7) 6.6 (5.3t08) -0.18(-1.85t01.7) -0.06

12 weeks 6.7 (3.8) 6.1(5.1t07.3) 7.3(6108.9) -1.25 (-2.4t0 -0.16) -0.50
Insulin resistance

6 weeks 1.6 (L1) 15(12t01.9) 1.6 (1.3t02.0) -0.07 (-0.48 to 0.34) -0.09

12 weeks 1.6(1.1) 15(1.2t01.7) 1.8(1.5t02.1) -0.34 (-0.61 to -0.62) -1.23
Total cholesterol (mmol/L)

6 weeks 5.6 (0.8) 5.3 (5105.6) 5.5(5.1t05.9) -0.16 (-0.56 t0 0.22) -0.23

12 weeks 5.6 (0.8) 5.4 (5.2105.6) 55(5.1t06) -0.14 (-0.65t0 0.32) -0.23
HDL € cholesterol (mmol/L)

6 weeks 1.3(0.4) 14(12to15) 14(13to15) -0.04 (-0.17 to 0.11) -0.18

12 weeks 1.3(0.4) 1.4 (12t01.5) 1.4 (13t01.6) -0.06 (-0.17 to 0.04) -0.38
LDLY cholesterol (mmol/L)

6 weeks 3.7(0.8) 35(3.2t03.7) 3.5(3.2t03.8) -0.07 (-0.38 t0 0.25) -0.11

12 weeks 3.7(0.8) 35(3.3103.7) 35(3.1t03.9) 0.01 (-0.39 to 0.36) 0.03
Triglycerides (mmol/L)

6 weeks 1.4(0.8) 1.2 (1to 1.4) 1.3(11t01.6) -0.12 (-0.39 to 0.14) -0.27

12 weeks 1.4(0.8) 12(11to1.4) 15(1.2t017) -0.23 (-0.55 t0 0.08) -0.54
CRP®(mg/L)

6 weeks 2.0(2.6) 24(1.5t035) 1.6(09t02.2) 0.89 (1.11t0 0.18) 0.32

12 weeks 2.0(2.6) 19(L3t02.7) 3(L6t045) -1.09 (2.8 t0 0.51) -0.48
EQ-5D VAS'

6 weeks 65.2 (16.3) 722(66.81077.3)  717(634t079.6)  0.45(—7.57 to 8.45) 0.03

12 weeks 65.2 (16.3) 69.5(62.5t075.7)  71.7(66.6t076.7)  -2.12(~11.23t0 6.47) -0.12
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Outcome and week Baseline, mean (SD)  Intervention, mean Control, mean (95%  Adjusted mean difference  Effect size
(95% C1P) cI® (95% C1) (Hedges g)

EQ-5D-5L9 score

6 weeks 0.90 (0.1) 0.92(0.89t00.95)  0.89(0.85t00.93)  0.03 (-0.01t0 0.07) 0.38

12 weeks 0.90 (0.1) 0.89(0.85t00.92)  0.9(0.85 10 0.95) -0.01 (-0.06 to 0.04) -0.16
SF-36" physical health

6 weeks 47.4(8.4) 51.1(48.3t053.9)  485(452t051.5)  2.52(-1.63t07.17) 0.39

12 weeks 47.4(8.9) 475(438t051.1)  50.1(46.3t0535)  —2.6 (—7.58102.79) -0.28
SF-36 mental health

6 weeks 49.0 (9.8) 50.8 (48.4 t0 53) 48.9(453t052.6)  1.86(-2.29t0 6.03) 0.26

12 weeks 49.0 (9.8) 51.7 (47 t0 56.3) 43.8 (3810 49.4) 7.93 (0.74 t0 15.18) 0.60

M otivation and psychosocial

Autonomous motivation

6 weeks 2.9(0.7) 3.1(3t03.3) 2.9(2.7t03) 0.26 (0.04 t0 0.49) 0.79

12 weeks 2.9(0.7) 3.1(2.9t03.3) 3(28103.2) 0.1(-0.1t00.3) 0.30
Controlled motivation

6 weeks 1.5(0.7) 1.4(1.2t0 1.6) 17 (1.4t019) -0.28 (-0.55 to -0.01) -0.63

12 weeks 15(0.7) 1.3(L2t015) 1.6(13t01.8) -0.2 (-0.510 0.09) -0.42
Overall need satisfaction

6 weeks 47(1.0) 4.6 (4.2104.9) 46(4.3t05) -0.03 (-0.57 to 0.39) -0.03

12 weeks 47 (1.0) 47 (45104.9) 4.6 (4.2104.9) 0.12 (-0.21 t0 0.43) 0.16
Autonomy

6 weeks 5.4 (0.6) 5.3(5.1t05.5) 54(5.1t05.7) -0.07 (-0.39 to 0.26) -0.12

12 weeks 5.4 (0.6) 55(5.3t05.7) 5.6 (5.4105.7) -0.09 (-0.32 to 0.16) -0.17
Competence

6 weeks 41(1.2) 45(4.2104.7) 41(3.7t04.5) 0.36 (-0.1t00.77) 0.47

12 weeks 41(12) 4.3(3.9104.6) 4(35104.4) 0.32 (-0.180 0.8) 0.36
Relatedness

6 weeks 43(1.3) 4.2 (3.7t0 4.6) 45(4.1t04.9) -0.35 (-0.88 0 0.16) -0.37

12 weeks 43(1.3) 4.4(39104.8) 4.4(3.9104.8) 0(-0.74100.72) 0.00
Barrier self-efficacy

6 weeks 497 (16.5) 52.3 (47.6 10 57) 41 (35.110 46.8) 11.35 (3.24 10 19.37) 0.84

12 weeks 49.7 (16.5) 53.3 (48 t0 58.8) 439(37.31050.3)  9.38(1.67t017.18) 0.68
Vitality

6 weeks 44(1.1) 5.1(4.8105.4) 43(3.7t04.9) 0.77 (0.17 t0 1.37) 0.81

12 weeks 4.4(1.1) 5.1(4.7t05.5) 45(3.8105.1) 0.57 (-0.04 o 1.2) 0.51
Perceived competence

6 weeks 5.0 (1.3) 5.3(4.9105.6) 48(44105.1) 0.51(0.14 10 0.92) 0.70

12 weeks 5.0 (1.3) 5.2 (4.8105.7) 5(4.6105.5) 0.2 (-0.41100.9) 0.19
Habit

6 weeks 1.6 (1.0) 2.1(1.8102.4) 15(1.2t0 1.9) 0.56 (0.16 0 0.97) 0.84
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Outcome and week Baseline, mean (SD)  Intervention, mean Control, mean (95%  Adjusted mean difference  Effect size
(95% CI?) c1b (95% CI?) (Hedges g)
12 weeks 1.6 (1.0) 21(1.8t02.3) 1.7(1.3t02) 0.41 (-0.04 to 0.86) 0.58

8Covariates include baseline score for each parameter (as indicated in the pooled mean baseline column), BMI, and sex.
bCls verified usi ng bias-corrected and accel erated bootstrapping with 5000 repetitions.

°HDL: high-density lipoprotein.

dDL: low-density lipoprotein.

€CRP: C-reactive protein.

fEQ-SD VAS: EuroQol 5-dimension visual analog scale.
9EQ-5D-5L : EuroQol 5-dimension 5-level questionnaire.
NSF-36: Short Form-36.

Secondary Outcomes: M otivation and Psychosocial
Variables

Relative to the control group, the intervention group had a
reduction in controlled behaviora regulation (external and
introjected regulation), and increasesin autonomous behavioral
regulation (intrinsic, integrated and identified regulation),
perceived competence for PA and habit strength at the 6-week
assessment but not at 12 weeks. Barrier self-efficacy was
increased in theintervention group at 6 weeks and was sustained
at the 12-week follow-up. Subjective vitality was a so increased
in the intervention group at 6 weeks but was not sustained until
12 weeks. No changesin overall psychological need satisfaction
or its subscales were observed (Table 3).

I ntervention Component Evaluation

Participants were asked to provide their subjective ratings of
the useful ness of intervention features at the 6-week assessment
and qualitative feedback following their 12-week assessment.
From the subjective ratings participants ranked the real-time
display (mean 4.5, SD 0.8) higher than the web-based MIPACT
platform (mean 3.3, SD 1.5) using a scale from 1 not useful at
all to 5 very useful, or 0=not used. Each aspect of the real-time
display consistently rated as more useful than the features of
theweb platform. Specifically, thedisplay of calorie data (mean
4.0, SD 0.9), steps (mean 4.3, SD 0.7), moderate-vigorous
activity (mean 4.3, SD 1.2) and having personal targets (mean
4.0, SD 1.5) was rated higher than the composite health target

https://formative.jmir.org/2022/3/e26525

(mean 3.6, SD 1.5) and activity pattern (mean 3.7, SD 1.5) data.
Thelowest-ranked features were the more interactive web-based
tools, namely thereview (mean 2.3, SD 2.0) and planning (mean
2.0, SD 1.9) sections of the MIPACT website.

Qualitative Evaluation

Qualitative feedback offers further insight into these ratings.
Textbox 1 provides a summary of the key themes identified in
the analysis of intervention participants interviews and
guotationstoillustrate each theme. All intervention participants
championed the feedback as useful for raising their
consciousness and awareness of their own PA behavior, with
many mentioning an improved understanding of the time they
spent inactive (theme 1). More than half of the intervention
participants postul ated that PA was now more of apriority after
having been through the program and that it reinforced their
belief that PA was a means of improving health (theme 2). The
self-monitoring element helped individuals gauge how much
PA wasrequired to meet certain health recommendations (theme
3). According to many of the participants, the program inspired
them to increase their PA levels, and two-thirds alluded to the
fact that the multidimensional nature of the feedback assisted
theminfinding personal solutions (theme 4). Some participants
said that during the 6-week program, they would consciously
go out of their way to achieve the targets, and many put added
emphasis on steps as a key and achievable daily motivator
(theme5).
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Textbox 1. Key themes identified in the qualitative analysis and example quotations (participant information provided as sex, age, baseline physical
activity level).

Theme 1: personalized feedback improved under standing of one's own behavior

« | thinkit's, it's changed, it's changed my day-to-day activity, and | ama lot more conscious of the fact that | am sitting a lot, and part of it, there
was a realisation that | wasn't very active. [male, 46 years, 1.48]

« Yeah, | think | was probably overestimating what | was doing, | thought | was more active than | was in a way so...when you see it's like oh you
are actually doing as much as | thought I'd probably on my feet but I’'m not necessarily so doing anything that is going to benefit me stop so
yeah it's definitely made me more aware of the need. [female, 42 years, 1.42]

Theme 2: physical activity isnow more of a priority or reinforced importance

o Um, well it certainly hasn’'t become any less important. | probably would say that it has become more important because the awareness breeds
that sort of feeling, you know, that this is something that is not just a one-off, you know. Over a three-month period, it's, it's life and it should
continue. [male, 59 years, 1.72]

«  Andthen hopefully, my hopeis, asie, as| lose weight...Because that’s one thing | haven't doneislost weight...um, isonce | have lost more weight
that | will feel fitter and then | can up that target. But | don’t want to try and do too much, too soon. [female, 62 years, 1.25]

Theme 3: feedback helped people under stand how to meet recommendations

« | found itinteresting, you know? Because | know how many steps it takes me to go down our town and round and back to the house it's at about
1800, | think. And | know how many is to go to the railway and things like that. [female, 63 years, 1.37]

«  But of course, that whole thing then tipped me nicely over and | was...So, it had that useful upturn, and equally, as | said before, it helps me
gauge just exactly how much distance | need to be covering to meet a, sort of a standard target. [male, 48 years, 1.65]

Theme 4. feedback helped motivate and find personalized solutionsto increase physical activity

« S0, | knew that | had to just get back into doing something...And having that monitor was almost like a critical friend, it was there to say ‘you
can do this! [female, 48 years, 1.55]

o Yes, that really helped and then over the six-week period, every week | was trying to do a little bit more and like | say, it's not very difficult to
doit’sjust that now you are conscious of it and you are aware of it that you have to achieve so many steps per day. [male, 48 years, 1.87]

. Definitely. Anything is worth it. Any...Any activity, it doesn’t have to be gym five days a week. If | wasn't doing five days a week at the gym, |
didn’t consider myself to be active, basically. So now | know that because | wasn't training five days a week, and | was actually able to show
some green lights when | wasn't doing thefi...it makes me realise that all of it counts. It's completely changed. I’ m actually more active because
I’m down on myself for not doing five days a week at the gym. [female, 44 years, 1.52]

« Andit's achievable without knocking myself flat you know | can do it in little steps and | can move myself forward in little ways rather than try
and charge at a wall and break through awall. It is much easier that way. So again, using the word empowerment it has sort of empowered me
into thinking | could do this. [male, 54 years, 1.39]

Theme5: real-time feedback prompted attainment of acute daily goals

« Um, and| did find it motivating, and | did, um, you know, | was known to leave the house at kind of five minutes to bedtime to walk around the
block at the time...Or spend five minutes doing star jumps to try and get vigorous activity in. So yes, having the targets | found very helpful, and
yeah, and moativating and interesting and fun. [female, 56 years, 1.56]

o Um, | did actually, | surprised myself in how easy it was to make step goals. | did not think | walked that much but as soon as | wasjust tracking
it, it waslike “ actually I’ m not far off daily amountsif | just do a little bit more and better hit that target. [male, 41 years, 1.53]

Theme 6: now ableto fit more physical activity into routine

. Making a conscious almost, not a plan, plan is probably a bit too grand, but saying ‘right each week | must do a certain amount of activity’ and
| plan that and think about it and so...The type of person | am, I’ m quite a sort of structured and quite organised person so just building that into
my routine is a change in my behaviour. [male, 53 years, 1.86]

Theme 7: injury and illness hampered progress during intervention

«  Right, um, it was slightly complicated by the fact that | wasill right in the middle of it so...| started off really motivated and felt really good about
it and it was building very well. And then unfortunately, after about a month | guess, | got this fluey type thing, which really did kick in and, made
it a bit of a struggle to do as much and build as much as | wanted to do it. And then of courseit’s sort of came to the end of the programme really
so | don't feel like | did it as much justice as | would have liked to have done. [female, 67 years, 1.58]

Theme 8: felt confident in keeping up or increase physical activity further

« Yeah, it definitely made me think a bit more about the moderate bouts of activity and how important they are. And it made me more keen to do
things like walking the dogs and, you know, walks to school and | wouldn’t the thought that to be useful before. And | think ‘oh they are quite a
useful way of getting in extra steps! [female, 43 years, 1.71]
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Theme 9: intervention led to improved confidence and enjoyment of physical activity

« Yeah. | mean, variety...yeah, | think that's been really helpful, actually. Because it's less boring and, um, you don’t perceive it as...I think my
perception of what exercise was and what it actually is very different now. So now activity isn't exercise. Activity is just anything. [female, 45
years, 1.52]

«  Knowing how more confident | am, which |, perhapsif | wasn't recording it somewhere | wouldn’t have been aware of that...So that's erm, yeah
that’s a nice position to be in, having seen confidence increase with various things, various types of activities, it's a nice position to be in for
sort of in the future. [female, 48 years, 1.51]

Theme 10: intervention prompted participantsto purchase or consider purchasing a real-time feedback device

« It hasspurred me on to get one of these, to actually buy one of these Fitbits. Which is just going to continue to let me know in real-time exactly
what I’'m doing and very similar in fact it isin steps and calories burnt off and what have you and the fact everyone else in the office have got
one. [female, 60 years, 1.52]

«  Which | suppose sounds really obvious when you say it, but it hadn’t ever linked with me before. And, | now have a little Fitbit because | want
to now...I" ve become slightly obsessed with steps. [female, 63 years, 1.37]
Theme 11: real-time feedback element considered the most useful element of the intervention

« Theinstant display | think is what...]| mean, | did go online that that’s in retrospect, you didn't get to see that until you had already done it.
Whereas in today’s society we want instant answers so having the display and being able to look at it, um, was, you know, was motivating.
[female, 62 years, 1.25]

« Um, the, the monitoring device, | found I used the little tiny daily, daily monitor, all the time...that was almost obsessive! [male, 46 years, 1.48]

Theme 12: web-based feedback useful initial picture

«  You see on the computer screen and it was just flat line, | think that that is, visually, or when you look at it and you look at the figures and you
look at that...that had probably quite an impact. And | think that that is...Probably the wake-up call which will remain with me, yeah, visually
seeing it. [male, 64 years, 1.72]

Theme 13: web-based component could be improved

« Becausel could only look at it at certain times at home without being able to do it when | wanted to do it wasfrustrating...If you see what | mean?
So, just only having a sort of biweekly uploaded my information...I wish | could have just done it as and when and seen more feedback. [male,
41 years, 1.53]

« | thinkto be perfectly honest it was...it was sort of time element of it. | didn’t feel that | had thetimejust to sit and...and look at it, which | probably
should have done, but it felt as if the more instantaneous response from the monitor was actually...or the display was...was what | needed on a
day-to-day basis. [female, 52 years, 1.64]

Theme 14: someissueswith device comfort or data trust
« Theexercisel tend to doislike cycling and the bottom half of my body it probably won’t show a great deal of vigorous activity. Which, okay it
isthe limitation of the technology and the technology at that time, but | was mildly irritated by that. [male, 55 years, 1.50]

Theme 15: suggested improvements

« 10,000 steps is nice and easy cause that's just walking, you can just incorporate that into your daily activity, but then the vigorous activity, |
could do it if I go for a run, but any other way | wouldn’t know. | only had ideas of cycling and rowing and though there are suggestions, but a
programme of how you can achieve them would have been helpful. [female, 45 years, 1.60]

« o, ifyousaidto meyour cholesterol is5 at the end of the study you told me my cholesterol...well...I found out my cholesterol...because you know
cholesterol response to exercise had dropped to 3.5 that would have been a big encouragement. [female, 55 years, 1.61]

Most of the intervention group felt that they were now being
more proactive about fitting PA into their routine after the
intervention (theme 6), whereasahandful of participantsalleged
to have had an illness or injury during the program that
hampered their progress (theme 7). Approximately two-thirds
of participants expressed further intentions to take up new, or
perform more, PA, and approximately half of the group felt
confident that they could maintain their PA levels after the
program and had made lasting behavioral changes (theme 8).
In addition, some participants felt that they had improved their
confidence and sense of competence for PA, whereas others
expressed a greater enjoyment for PA and an improved sense
of health and well-being (theme 9). Many participants said that

https://formative.jmir.org/2022/3/e26525

they missed not having the real-time activity monitor once it
was removed after 6 weeks, and by the time of the interview,
approximately one-third of participants had purchased a
commercial PA tracker for personal use, with many more
considering acquiring a device (theme 10).

For many of the intervention participants, the real-time display
was a favorable component for the self-monitoring of activity
and more important than website feedback (theme 11). That
said, there was still areasonable proportion of participantswho
made reference to the multidimensional feedback as a useful
way of viewing the overall picture, and some even described it
asawake-up call (theme 12). Some participants suggested that
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their engagement with the feedback on the web platform may
have been improved if it was more readily available and that
sitting down at acomputer felt counterintuitive to being (more)
physically active (theme 13). The data also revealed that for
certain participants, there were minor issues with the device
itself in terms of either trusting the feedback or its wearability
(theme 14). Findly, a handful of participants made
recommendations for the improved utility of the monitor and
feedback system, which included the need for more prompts
and guidance or links to their health data collected during
assessment sessions to help them evaluate the impact of more
PA or for motivation (theme 15).

Discussion

Principal Findings

In this exploratory RCT, we evaluated a 6-week intervention
using personaized rea-time digital PA feedback and
sophisticated web-based multidimensional PA feedback
combined with brief trainer support. Exploratory analysis
demonstrated no change in PA between groups immediately
after the intervention; however, improvements were found for
several PA metrics that formed part of the feedback at the 12
weeks follow-up. Subgroup analysis suggests that this effect
was more pronounced in female participants and in those with
lower baseline activity levels. Very little changed in respect to
secondary health outcomes, with the exception of insulin
resistance and self-reported mental health, which showed signs
of improvement after 12 weeks. Qualitative data suggest that
participants found the multicomponent intervention informative
and motivating, with the real-time feedback being heralded as
the single most memorable and supportive component within
the context of the overall treatment package.

Comparison With Other Literature

A novel aspect of this study wasthe multidimensional approach
that, we hypothesized, helps individuals to understand their
behavior and find bespoke behavioral solutions for increasing
their PA [16]. We hypothesized that using a multidimensional
approach to PA promotion and feedback would provide options
and self-endorsed choicesto foster autonomous motivation and
would satisfy the needs for autonomy and competence.
Following the 6-week active phase of the intervention, we
witnessed favorable improvements in autonomous versus
controlled motivation, perceived competence, and barrier
self-efficacy, which offers support for the proposed mechanism
and the multidimensiona approach. Moreover, the qualitative
evaluation aligns with our previous development work, which
found that receiving detailed, visua multidimensional PA
feedback is helpful for raising awareness, understanding, and
intention to change [17,20]. We hypothesized that the addition
of real-time feedback might help translate those intentionsinto
behavior [57,58]. However, beneficial differencesin PA were
only observed after a 6-week period in which the whole
trestment package (including the real-time display) was removed
rather than immediately after the active intervention. Participants
expressed that they valued the real-time feedback during the
interview more than other components of the intervention and
highlighted that it empowered them to adjust their behavior on
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amorediscrete basis asthey strive toward adesired daily target
(eg, serving as a prompt to take an additional 1000-step walk
if they were short toward the end of a day).

Other studies have observed real-time feedback to be an
effective tool for increasing PA when used in conjunction with
detailed web-based feedback and trainer support. Vandelenotte
et a [27] demonstrated that adding a Fitbit device to their
theory-informed web-based PA intervention increased total PA
and MVPA by up to 3 times relative to a nontracker, web-only
group. Their study, whose website went beyond the provision
of feedback to provideindividually tailored advice on anumber
of self-regulation strategies, found that real-time monitoring
also improved engagement and adherence to the main web
content and the overall package of behavioral support. Similarly,
alarge RCT by Harris et a [25] found that combining brief
nurse support, retrospective accelerometer feedback, and
continuous pedometer feedback led to significant, sustained
changes in PA in the intervention versus control groups at 3
and 12 months. In another trial, the same research team
demonstrated that continuous pedometer feedback provided
effective support both with and without trainer input versus a
control group with no feedback or trainer support [24]. The
effects observed in these studies, albeit modest in size, were
maintained after 3- to 4-year follow-up periods[59], suggesting
that technol ogy-based PA interventions such as the one used in
this study can help individuals make long-lasting changes.

Our qualitative findings corroborated key findings from the
Pedometer And Consultation Evaluation-U and Pedometer
Accelerometer Consultation Evaluation-Lift studies, which were
conducted by Harris et al [24,25]. Specifically, participantswho
received the nurse-led pedometer intervention experienced
greater awareness of the PA guidelines and their own PA levels.
They also placed more importance on being active and helped
participants to embed PA in their own routines [25,60,61].
Participants also found real-time feedback useful for initiating
and monitoring behavior change in relation to personalized
goals, and, mirroring the findings reported in the present work,
some went on to invest in other wearable trackers after their
intervention, although distrust in the accuracy wasidentified as
apotential barrier to effectiveness[60]. A set of themes derived
from this study (eg, illness and injury) and the work of Harris
et a [25] (eg, weather and lack of time) was the fact that
common external barriersstill existed for participantsthat could
not be overcome by the real-time feedback interventions.
Recommendations from participants in these and other
qualitative studies suggest that more interpersonal promptsand
guidance, resources for planning activities, meaningful
challenges, and linksto health data may be avenuesto overcome
barriers and enhance intrinsic motivation and behavioral
maintenance in real -time feedback-based interventions [ 62-64].

The incongruent findings observed at 6 (immediately after the
intervention, no difference) and 12 weeks (after a 6-week
follow-up, moderate to large effects) warrant further
consideration. The assessment used in this study and most RCTs
with device-based PA outcomes relied on weekly snapshots of
participants’ behavior. The small sample size and variability
around the mean scores of the control group suggest that any
fluctuations might be because of noisein the assessment. Inthe
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intervention group, aweekly snapshot may not give an accurate
representation of a person’s true behavior [65]. Continuous
measurement in both intervention and control groups would
help decipher whether the 6-week observation is, for example,
indicative of a dip in behavior following the remova of
feedback, or whether the 12-week observationsis, for example,
indicative of the intervention participants learned rather than
new habitual behavior. Given the advancing technology that
enableslong-term data capture, future studieswould do well to
investigate the stability and representativeness of PA behavior
to guide trials on the most appropriate assessment window.

Strengths and Limitations

The strengths of this study include the almost complete 24-7
objective, PA assessment and high compliance to the
intervention, measured as the completeness of attendance to
upload sessions and PA monitor wear time in the intervention
group, and assessments in all groups (all 100%). The use of
guantitative and qualitative evaluations also provides rich
insights into the effectiveness of this approach. Limitations
include the small sample size, short follow-up period, and use
of anonclinical population, which prevents the performance of
more robust statistical analyses and meansthat any interpretation
of these results should be viewed as preliminary rather than
definitive and generalizable.

Thereisalso aneed to improve the synchronicity of thewearable
devices as, in this study, technical issues meant that global
web-based feedback could not be fully self-monitored without
the trainer needing to recalibrate the personal targets and user
profile used within thereal-timedisplay. Thislack of autonomy
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over the web platform use may contribute to a more favorable
evaluation of the real-time feedback element. Accordingly, we
can determine neither the respective contributions of the
real-time, web-based, or trainer support on individual
participants’ behavior change nor whether favorable perceptions
of the real-time element would have been the same without the
more comprehensive web-based feedback. Recent meta-analyses
of SDT-based techniques support the notion that different
self-regulatory and trainer-delivered strategies may be useful
for optimizing an individual’s motivation for PA [66,67].
Therefore, it is unlikely that any single component will be
effectiveinisolation and that multicomponent interventionsare
required to provide optimal behavioral support. Nonetheless,
futuretrials using more adaptable, multiple-group designs such
as the multiphase optimization strategy would be advised to
augment the complex intervention and evaluate the rel ative and
complementary importance of the different elements [68].

Conclusions

In conclusion, thisexploratory RCT representsthe first attempt
at combining multidimensional feedback with real-time data
and light touch trainer support across several important
health-harnessing dimensions of PA as a means of helping
individuals change their behavior. The results suggest that this
approach may be a useful strategy for helping individuals with
low levels of PA change their behavior. These findings can
inform the design of future studieswith larger and more diverse
sample sizes, detailed process eval uations, and longer follow-up
periods to explore the effectiveness of real-time,
multidimensional feedback.
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Abstract

Background: Chronic pain affects approximately 30% of the general population, severely degrades quality of life (especialy
in older adults) and professional life (inability or reduction in the ability to work and loss of employment), and leads to billions
in additional health care costs. Moreover, available painkillers are old, with limited efficacy and can cause significant adverse
effects. Thus, there is aneed for innovation in the management of chronic pain. Better characterization of patients could help to
identify the predictors of successful treatments, and thus, guide physiciansin theinitial choice of treatment and in the follow-up
of their patients. Nevertheless, current assessments of patients with chronic pain provide only fragmentary data on painful daily
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experiences. Real-life monitoring of subjective and objective markers of chronic pain using mobile health (mHealth) programs
can address thisissue.

Objective: We hypothesized that regular patient self-monitoring using an mHealth app would lead physicians to obtain deeper
understanding and new insight into patients with chronic pain and that, for patients, regular self-monitoring using an mHealth
app would play apositive therapeutic role and improve adherenceto treatment. We aimed to eval uate the feasibility and acceptability
of anew mHealth app called eDOL.

Methods: We conducted an observational study to assess the feasibility and acceptability of the eDOL tool. Patients completed
several questionnaires using the tool over a period of 2 weeks and repeated assessments weekly over a period of 3 months.
Physicians saw their patients at afollow-up visit that took place at least 3 months after the inclusion visit. A composite criterion
of the acceptability and feasibility of the eDOL tool was calculated after the completion of study using satisfaction surveys from
both patients and physicians.

Results. Datafrom 105 patients (of 133 who were included) were analyzed. The rate of adherence was 61.9% (65/105) after 3
months. The median acceptability score was 7 (out of 10) for both patients and physicians. There was a high rate of completion
of the baseline questionnaires and assessments (mean 89.3%), and a low rate of completion of the follow-up questionnaires and
assessments (63.8% (67/105) and 61.9% (65/105) respectively). We were also able to characterize subgroups of patients and
determine a profile of those who adhered to eDOL. We obtained 4 clusters that differ from each other in their biopsychosocial
characteristics. Cluster 4 corresponds to patients with more disabling chronic pain (daily impact and comorbidities) and vice
versafor cluster 1.

Conclusions: Thiswork demonstrates that eDOL is highly feasible and acceptable for both patients with chronic pain and their
physicians. It also shows that such a tool can integrate many parameters to ensure the detailed characterization of patients for

future research works and pain management.
Trial Registration:

(IMIR Form Res 2022;6(3):€30052) doi:10.2196/30052
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Introduction

Chronic pain affects approximately 30% of the general
population [1-6] and was 1 of the top 5 leading causes of years
lived with disability in 2016 [ 7], especially among older people
[8]. Societal and economic issues are also crucial, as 60% of
people with chronic pain are less able or unable to work, and
20% report having lost their job asaresult [9]. The overall cost
of chronic pain is estimated to be approximately €441 billion
in Europe (equivalent to approximately US $496 hillion) and
$560 to $635 hillion in the United States [10-12]. At the same
time, the market for anal gesic drugs represented approximately
$68 hillionin 2016, and an increase from 2% to 5% was forecast
for 2021, with a further 5% increase by 2025 [13,14].
Unfortunately, available analgesics are old, their effectiveness
islimited, with undesirable effects, and little progress has been
made in recent years [15]. Thus, innovation is limited despite
prolific basic research [16].

Various reasons are given for this, including the relevance of
animal research [17]. In particular, because of the low success
rate of validation of preclinical concepts during the transition
totheclinic. Developmentsin thisareacould help progress, but
such progress could also come from better patient
characterization that would help to identify the predictors of
successful treatments through research programs and enable
physicians to carry out better decision-making regarding the
initial choice of treatment and its follow-up. Subgroups of
patients and criteria for response to particular treatments, for
example, in patients with neuropathic pain [18], have been

https://formative.jmir.org/2022/3/e30052

identified; however, such characterization should not be limited
to biomedical assessment but should aso include
biopsychosocia assessment. Moreover, current assessments of
patients with chronic pain provide only fragmentary data on
daily experiences because of recall bias. Thus, it is essential to
modify the temporality in which patients' sensations are
assessed, with real-life monitoring of subjective and objective
markers of chronic pain. This strategy is currently being
developed by severa research teams evaluating smartphone
apps or web platforms for use in managing the treatment of
patients with chronic pain [19-24].

We hypothesized that regular self-monitoring by patients using
a digital app would generate in-depth knowledge and new
insights for physicians, and would allow patients to be active
in their own care and benefit from web-based counseling.
Regular self-monitoring would not only contribute to better
patient characterization and help in choosing the most
appropriate treatment but may also improve adherence to
treatment. Moreover, recent studies [19,20,24-31] have
highlighted the urgent need to devel op eHealth self-monitoring
programs for chronic pain and their therapeutic
value—web-based pain management programs (The Pain
Course) based on principles of cognitive behavior therapy were
found to be beneficial for patients by reducing pain symptoms
and associated comorbidities[20,32-34], and thereistherapeutic
interest in mobile health (mHealth) technologies for managing
the medical treatments of patients suffering from chronic pain
[27]. Inthispilot study, we aimed to eval uate the feasibility and
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acceptability of a new mHealth app and web platform, called
eDOL, for patients and physicians.

Methods

Ethics

The study was approved by the Comité de Protection des
Personnes lle de France V (2018-A01790-5546) and is
registered (NCT03931694). The study was conducted in
accordance with French laws and regulations on research on
human beings and data protection and with the Declaration of
Helsinki [35].

Confidentiality and Data Entry and Processing

Data were collected and managed using the eDOL app,
developed by Bepatient and hosted by Avenir Télématique. In
accordance with the provisions relating to the confidentiality
of information concerning, in particular, the people who took
part in the research and the results obtained [36], individuals
with direct access have taken all the necessary precautions to
ensure the confidentiality of the information relating to the
participants. These persons and the investigators themselves
are subject to professional secrecy [37]. All data collected and
transmitted to the sponsor (University Hospital of
Clermont-Ferrand) were anonymized, and each patient had a
single coded number. The head of research ensured that each
patient wasinformed of which datawere collected and that they
did not object to their use or disclosure.

Answers to questionnaires and medical data were transmitted
in spreadsheet format (Excel 2013, Microsoft Inc). All
anonymized data were accessible to the biostatisticians (BP,
SC, and AJD), the coordinator (ND), and the project manager
(NK). Only theinvestigators could accesstheir patients personal
data to identify them. A dashboard linking patients' identities
and study IDs was available only on the investigators
professional interface on the eDOL web platform. The final
database, used for statistical analyses, included only study 1Ds
to preserve anonymity.

Study Design and Population

To evaluate the feasibility and acceptability of the eDOL app
for the characterization, real-life monitoring of patients with
chronic pain from 12 pain clinicsin France took place between
February 8, 2019 and January 8, 2020. The study was offered
to al physiciansin the investigating centers.

Participation in the study was offered to patients with chronic
pain who did not have cancer, who were owners and regular
users of a smartphone, and who were followed up in a pain
clinic. All adult (=18 years old) patients able to read and
understand French and provide consent to participate in the
study wereincluded (with ayes-or-no choice on theeDOL app).
Participants were free to withdraw their consent at any time by
informing the sponsor. Each patient had access to the
information document (paper or electronic) detailing the
purpose, content, and conduct of the study. If they agreed to
participate, they were asked to download the eDOL app and
complete the questionnaires using the eDOL app. The URL to
access this app was sent by email from physicians to their
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patients. After downloading the app and creating their profile,
patients could accept the general terms and conditions of use
and confirm that they agree to the use of their medical datain
this study.

Each patient had 1 initial study visit, during which, the physician
introduced the study to the patient, checked their eligibility,
explained the eDOL tool, and gave the patient a brief training
document on how to use the eDOL smartphone app. Participants
completed several questionnaires and assessments using the
eDOL app over a period of 2 weeks (initial patient
characterization) and then repeatedly over aperiod of 3 months
and up to 6 months for patients who wished to continue using
the app (weekly, quarterly, and half-yearly depending on the
guestionnaire). Physicians saw their patient at afollow-up visit
that took place at least 3 months after the inclusion visit, with
the possibility of continuing the follow-up for up to 6 months.
The study was considered complete for patientswho completed
their questionnaires and assessments for at least 3 months and
made a follow-up visit 3 to 6 months after the inclusion visit.

eDOL App

All data were collected using the eDOL digital health toal,
which includes a smartphone app for patients that allows
self-questionnaires and assessments to be completed for
semiological monitoring (pain, anxiety, deep quality), and a
web interface for physicians, to allow them to graphicaly
visualize the summary of data provided by their patients for
clinical and therapeutic monitoring.

Patients completed questionnaires and weekly assessments
(MultimediaAppendix 1). The questionnaireswere divided into
general questionnaires that were systematically filled in once
only (sociodemographic, lifestyle and professional data, Pain
Beliefs and Perceptions Inventory [38]; Evaluation of level of
precariousness [39]; Injustice Experience Questionnaire [40];
Maslach Burn-out Inventory [41]; Toronto Alexithymia Scale
[42]; Life Orientation Test-Revised [43]; Belief in ajust world
[44]; Job Content Questionnaire [45]; Big Five Inventory [46])
and questionnaires, assessing symptoms, comorbidities, and
psychological and physiological states related to chronic pain,
that were completed quarterly (Brief Pain Inventory [47];
Medical Outcomes Study Sleep Scale [48]) and, according to
duration of follow-up, haf-yearly (Tampa Scale of
Kinesiophobia [49]; Pain Catastrophizing Scale [50];
Fear-avoidance beliefs[51]; EQ-5D-3L [52]; Hospital Anxiety
Depression Scale [53]; Satisfaction With Life Scale [54];
Subjective Cognitive Complaints [55]). Some questionnaires
were specific to atype of chronic pain (Neuropathic Pain Scale
Inventory [56]; Western Ontario and McMaster Universities
[57]; Rheumatoid Arthritis Impact of Disease [58]; Roland
Morris Disability Questionnaire [59]; Irritable Bowel Severity
Scoring System [60]; Fibromyal gialmpact Questionnaire[61];
Headache Impact Test [62]). Follow-up of patients (daily
monitoring of various objective and subjective parameters
related to the pathol ogy), using assessments, was also integrated
inthe app, which alowed usto monitor the evol ution of patients
pain and its repercussions. Assessments were in the form of an
11-point numeric rating scale (from 0 to 10), assessing the
intensity of pain (average, minimum, or maximum intensity),
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anxiety, fatigue, and the quality of sleep, morale, body comfort
were assessed weekly for 3 to 6 months.

For physicians, the eDOL internet platform included a simple
and ergonomic dashboard which alowed the physician to find
all of their patients included in the study, with the following
tabs: (1) Management, in which all of the medical records
completed by the physician could be found (history, pain
diagnosis, initial characterization, next appointment, consultation
sheetsand treatment sheets); (2) Health M easures, which showed
a graphic display of the real-life follow-up of all the weekly
assessments; and (3) Questionnaires, which showed all the
guestionnaires completed by the patients (display of
guestionnaire scores and answers to all the questions). The
eDOL platform enabled physicians to complete medical
elements during consultation visits with various medical form

https://formative.jmir.org/2022/3/e30052
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(diagnosis, current treatments, examination results). The
physicians could also activate new questionnaires to be filled
in by their patients, either to complete the characterization (eg,
specific questionnaires for pain diagnosis) or to evaluate other
criteria (eg, evaluation of the Patients' Global Impression of
Change after the introduction of a new treatment [63]).
Diagnostic questionnaires (Posttraumatic stress disorder
Checklist [64]; Neuropathic pain 4 [65]; Fibromyalgia Rapid
Screening Tool [66]), reminders of the criteria for diagnoses
(ROMELV for irritable bowel syndrome; Widespread pain index
and Symptom severity scale of American college of
rheumatology for fibromyalgia; Neuropathic Pain | ASP Special
Interest Groups for neuropathic pain), and screening tools for
opioid misuse (Prescription Opioid Misuse Index [67] and
Opioid Risk Tool [68]) were also at their disposal (Table 1).
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Table 1. eDOL features.
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Feature Included in Assessment point or interval  Details
Inclusion form Investigator web plat-  Initial visit Last name, first name, email, ID number
f
orm Initial visit History (clinical, psychiatric, drug), clinical examination, medico-
economic aspect (type of medical consultations), diagnosis of pain ac-
cording to International Classification of Disease, 11th revision
Personal information  Smartphone app Initial visit Sociodemographic (work, alcohol use, tobacco use)
Initial visit Pain characterization: frequency, duration, aggravating and alleviating
factors
Treatment forms Investigator web plat- Updated at each consultation  Analgesics (name, dates, dosage, side effects); list of nonmedicinal
form techniques and other treatments (free text)
Assessments Smartphone app Repeated weekly 11-point numeric rating scal e (0-10): sleep, morale, fatigue and energy,
body comfort, anxiety, pain
Self-questionnaires  Smartphone app During the first 2 weeks 5 sessions of questionnaires

Not repeated

Every 3 months

Every 6 months

Fear-avoidance beliefs?, Injustice Experience Questionnaire, Maslach
Burn-out Inventory?, Pain Beliefsand Perceptions Inventory, Evaluation

of level of precariousness, Job Content Questionnaire® Life Orientation
Test-Revised, Belief in ajust world, Posttraumatic Stress Disorder

Checklistb, Toronto Alexithymia Scale Big Five Inventory

Fibromyalgia Impact Questionnaire®, Headache Impact Test®, irritable
bowel severity scoring system®, Prescription Opioid Misuse Index?,
Patients' Global Impression of Changeb, Neuropathic Pain Scale Inven-
toryb, Rheumatoid Arthritis Impact of Diwaseb, Brief Pain Inventory,
Medical Outcomes Study Sleep Scale

Tampa Scale of Kinesiophobia, Roland Morris Disability Question-

naire®, Western Ontario and McMaster Universities®, Pain Catastrophiz-
ing Scale, EuroQol 5 dimensions 3 levels, Hospital Anxiety Depression
Scale, Satisfaction With Life Scale, Subjective Cognitive Complaints

Hetero-questionnaires  Investigator web plat-  \/ad Diagnostic validation: Neuropathic pain 4 + NEUPSIG (neuropathy),
form Widespread pain index and Symptom severity scale and Fibromyalgia
Rapid Screening Tool (fibromyalgia), ROME |V (irritable bowel syn-
drome)
Updated at each consultation  Others: Opioid Risk Tool
Consultation form Investigator web plat- Updated at each consultation  clinical examination, medico-eco aspect, observance, benefit-risk ratio
form of treatments

AWork-related questionnaires.
bOpti onal questionnaires.
Disease-specific questionnaires
dN/A: not applicable.

Study Outcomes

The primary study endpoint reflected the acceptability of the
eDOL app and the feasibility of its use and was assessed with
a satisfaction survey (based on the Patient Satisfaction
Questionnaire Short Form [69] and the Client Satisfaction
Questionnaire [70,71]) for patients (10 questions) and for
participating physicians (12 questions) at the end of the study.
The satisfaction survey (in French language) was sent to each
patient 6 months after their inclusion visit and was sent to the
physicians after the last patient follow-up, via the eDOL tool.
Response options for each question ranged from O (strongly
disagree with the statement) to 10 (strongly agree with the
statement). A mean score of at least 7 out of 10 was considered
to reflect satisfactory acceptability and feasibility of the eDOL

https://formative.jmir.org/2022/3/e30052

tool. The questionnaire compl etion rate and center participation
(inclusion rate) were also calculated.

Secondary analyses to characterize participating patients, pain
disorders, and related comorbidities, as well as clustering
analysis of the participants to determine the profile
determination of patients who adhered to the use of the app
were undertaken to gain insight into the capabilities and added
value of the tool for the characterization and the follow-up of
patients with chronic pain.

Statistics

Sample Size

A minimum of 100 patients were to be included and analyzed.
Such alarge number of patientsis quite satisfactory in terms of
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descriptive analyses to study the feasibility of a multimodal
eHealth tool. This number of patients is in line with that
specified by Sundararaman et a [27] and those used in other
recent studies [19,23,24,72] evaluating smartphone apps in
patients with chronic pain. This number of patients (n=100)
allowed us to analyze in an exploratory way: (1) the
characterization of patients with chronic pain followed-up in
pain clinics, (2) the description and understanding of their pain,
(3) the multiple dimensions and the numerous neuropsychiatric
repercussions of chronic pain, and (4) the clustering of the
participants and the determination of adhering patients’ profiles.

Statistical Analysis

We performed statistical analyses to determine if patients and
physicians were satisfied with the tool and adhered to its use,
and to identify interesting pain profiles of patients, and which
profiles are most adherent (and for how long).

Patients were described according to epidemiological
characteristics, clinical characteristics, and treatment
characteristics. The key indicatorsfor acceptability (patient and
physician) were questionnaire completion and completion of
follow-up medica forms. We determined the association
between adherence and al baseline variables. A patient was
defined as adherent if 100% of baseline questionnaires and 75%
of assessments after 3 months follow-up were completed.

Continuous variables and scale variables (treated as ordinal
data) were presented as mean and standard deviation (for normal
distributions), or median and quartiles (for asymmetric
distributions). The normality assumption was assessed with
graphical criterion and the Shapiro-Wilk test. Categorical
variables were expressed in number and percentage.

We performed clustering analysis. Patients were clustered
according the symptoms and comorbidity information y. This
clustering anaysis included data imputation, principal
component analysis of baseline data, and ascending hierarchical
classification gathering 90% of total inertia. From these
components, the hierarchical classification [73] in Euclidean
coordinates was used.

Comparisons (baseline vs 3-month follow-up, by patient
adherence, and by cluster) were performed using the chi-square
test or Fisher exact test when assumptions to apply chi-square
were not met (minimal level of expected number of cases under
independence assumption), for categorical variables, and using
analysis of variance (or Kruska-Wallis tests when the
assumptionsto apply analysis of variance were not met). When
the omnibus P value was statistically significant (P<.05),
posthoc tests (independent t test or Mann-Whitney) were applied
to compare subgroups with each other. The results were
expressed using effect sizes (Cramer V for categorical dataand
etasquare for quantitative data) with 95% confidenceintervals.
Pearson (preferred between all distributions acknowledged as
Gaussian) or Spearman correl ation coefficients (otherwise) were
calculated depending on the nature of the distribution.

We used Stata (version 15, StataCorp LLC) and R (version
4.0.3) software. All statistical tests were 2-sided with type |
error set at 5%.
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Results

Study Population

Of 133 patientsfrom 12 French pain clinics, 28 patients (28/133,
21.0%) did not install the eDOL app; data from 105 patients
were analyzed. The first patient was enrolled on February 6,
2019, and the last patient was enrolled on October 31, 2019.

At baseline, participating patients were mostly middle-aged
women, in a couple, nonsmoking, and professionals. Among
these patients, 35.3% (30/85) were in work stoppage due to
their chronic pain. A more detailed characterization of the
patients, with the help of several validated questionnaires,
mainly showed that a significant number were considered
precarious (43.0%; 40/93), with kinesiophobia (72.0%; 67/93),
alexithymia (51/100, 51%), degraded life satisfaction (51/92,
55.4%), catastrophism (47/100, 47.0%) and a possible cognitive
disorder (77/93, 82.8%). More than 65% (63/94, 67.0%) of
patients had impaired sleep, and 37.2% (35/94) and 27.7%
(26/94) had proven anxiety or depressive disorders respectively.

Regarding the characterization of pain disorders and their
treatments, most patients (76/83, 91.6%) had moderateto severe
pain intensity, of which 20.5% (17/83) had a high chronic pain
interference score (caled “high impact chronic pain” [74]).
Most patients (50/80, 62.5%) suffered from nociplastic pain,
with aduration longer than 5 years for more than 50% (55/105,
52.4%) of patients. The mgjority of patients (56/105, 53.3%)
described their chronic pain as permanent (with painful
paroxysms every day and lasting >2 hours) and inducing
frequent nocturnal awakenings (45/105, 42.8%). Finaly,
analgesic treatments used by the patients were mainly
antidepressants followed by weak opioids (with or without
paracetamol), and antiepileptics to a lesser extent. In parallel,
89.2% (66/74) of patients used nonmedicinal analgesic
treatments.

Therewas no difference in any of these characteristics between
baseline and the 3-month follow-up (Multimedia Appendix 2).

Primary Objective: Feasibility and Acceptability
Among 105 patients, 65 (61.9%) adhered to the use of theeDOL

tool and 50 patients continued using the eDOL tool up to
6-month follow-up (Figure 1).

In detail, the overall rate of patient who completed the baseline
guestionnaires was 89.3% (range 79.0%-95.2%). The quarterly
guestionnaires, Brief Pain Inventory and Medical Outcomes
Study Sleep Scale, were repeatedly filled at 3-month follow-up
by 63.8% (67/105) of patients. For the half-yearly questionnaires
(Tampa Scale of Kinesiophobia;, Pain Catastrophizing Scale;
EQ-5D-3L; Hospital Anxiety Depression Scale; Satisfaction
With Life Scale and Subjective Cognitive Complaints), 58.7%
(range 53.8%-63.1%) of patients completed the questionnaires.
The filling rate of the weekly assessments for the real-life
monitoring of the different parameters (pain, moral, anxiety,
fatigue, sleep and body comfort) was 88.6% (93/105) of patients
at the end of the first week and 61.9% (65/105) at 3-month
follow-up (Table 2; Figure 2; Multimedia Appendix 3). Due to
the small number of patients, we did not show the results
concerning the specific questionnaires, filled by only a few
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patients according to their professional situation (questionnaires  were completed by the investigators (inclusion, treatment and
onwork) and their type of pain (disease-specific questionnaires).  consultation) was 70.7% (range 62.9-76.2%) (Table 2).
The rate of patients whose various medical follow-up forms

Figure 1. Study flowchart.

Included patients (n=133)

Excluded (n=28)
» * Did not download eDOL

app

Patients having downloaded
eDOL app (n=105)

_| Discontinued intervention (n=40)

T 3 +  eDOL app was no longer in use
¥
Patients using eDOL app at 3-
maonth follow-up (n=65)
Discontinued intervention (n=15)
Secondary analyses < » *  Study completed or eDOL app was no
longer in use
Patients using e‘DOL app at 6-
month follow-up (n=50)
Table 2. Questionnaire completion.
Assessment Baseline (n=105), n (%) 3-month follow-up (n=105), n (%) 6-month follow-up (n=65), n (%)
Physician baseline and follow-up forms
Inclusion form (baseline) 77 (73.3) N/A2 N/A
Diagnosis form (baseline) 80 (76.2) N/A N/A
Treatment form (baseline and follow-up) 74 (70.5) N/A N/A
Consultation form (follow-up) 66 (62.9) N/A N/A
Self-administered questionnaires and assessments
Weekly assessments 93 (88.6) 65 (61.9) 50 (76.9)
Toronto Alexithymia Scale 100 (95.2) N/A N/A
Injustice Experience Questionnaire 100 (95.2) N/A N/A
Pain Beliefs and Perceptions Inventory 92 (87.6) N/A N/A
Life Orientation Test-Revised 94 (89.5) N/A N/A
Belief inajust world 94 (89.5) N/A N/A
Evaluation of level of precariousness 93 (88.6) N/A N/A
Big Five Inventory 92 (87.6) N/A N/A
MOS-Sleep Scale 94 (89.5) 67 (63.8) 39 (60.0)
Brief Pain Inventory 93 (88.6) 67 (63.8) 38 (58.5)
Pain Catastrophizing Scale 100 (95.2) N/A 40 (61.5)
Satisfaction With Life Scale 92 (87.6) N/A 35(53.8)
Subjective Cognitive Complaints 93 (88.6) N/A 35(53.8)
EQ-5D-3L 83 (79.0) N/A 36 (55.4)
Hospital Anxiety Depression Scale 94 (89.5) N/A 41 (63.1)
Tampa Scale of Kinesiophobia 93 (88.6) N/A 41 (63.1)
8N/A: not applicable.
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Figure2. Completion rate over time.
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Among the 12 pain clinics participating in the study, 10 (83.3%)
included patients, and 2 withdrew from participation before the
start of the study. The median inclusion number per center was
8 (IQR 5.0, 14.0) patients. Theinclusion objective (at least 100
analyzable patients) was achieved in less than a year as
requested from the investigating centers.

The satisfaction questionnaire was filled in by 65.7% (69/105)
of patients at the end of the study. The median acceptability
score was 7.0 (IQR 6.1, 7.6), with only 9.5% (10/105) of the
patients providing a rating less than 5.0 out of 10. Moreover,
88.6% (93/105) of the patients who responded wanted to
participate in the further development of the eDOL app. The
items with the lowest scores corresponded to the patients
perception of the physicians use of eDOL in their follow-up
(mean 5.7, SD 3.1), patients' perception of the potential positive

https://formative.jmir.org/2022/3/e30052
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impact of eDOL on their pain management (mean 5.8, SD 2.7),
and quality of life (mean 5.6, SD 2.4).

A total of 21 physicians participated in the study and included
at least one patient, and 15 (71.4%) answered the satisfaction
guestionnaire. The physicians were mostly women (14/21,
66.7%), approximately 50.1 years old (range 33-61), and were
from various specialties (2 neurologists, 2 psychiatrists, 3
anesthesiologists, 3 rheumatologists, and 5 general practitioners).
The median acceptability score was 7.2 (IQR 6.8, 8.3), with
only 6.7% (1/15) of physicians rating less than 5.0 out of 10.
The items with the lowest scores corresponded to the
compatibility of eDOL with the electronic medical file systems
(mean 5.0, SD 2.3) and the possihility of eventually replacing
the electronic medical files with the eDOL tool (mean 4.4, SD
1.9) (Table 3).
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Table 3. Physician and patient acceptability of eDOL.

Kerckhove et al

Acceptability questionnaire

Score (out of 10), mean (SD)

Physician

The training and support provided was sufficient to use eDOL correctly

After thefirst training session, it is easy to use eDOL on adaily basis

The technical support (email and phone) was available to assist me if needed
eDOL offers questionnaires and assessments adapted to the multidimensional characterization of my patients
The forms | had to fill in for each patient are adapted and they correspond to the information | usually collect

Thanksto the export function provided in eDOL, | was ableto retrieve the completed information for my patients.

7.3(14)
6.9(2.3)
83(1.2)
83(1.2)
6.8(2.0)
5.0(2.3)

| was then able to print it (for my patient records) and/or import it into my hospital's el ectronic management

system

The eDOL platform is complete enough to be able to replace my medical records one day

| would like to continue using eDOL in the future

eDOL will be useful in my daily medical practice

eDOL will alow me to better monitor my patients to improve their care

eDOL will be useful for developing clinical research on pain (creation of an e-cohort of patients with chronic

pain)

eDOL will be useful for the clinical research projects conducted by my pain clinic

Patient®

After reading the explanatory document provided by the physician, it was easy for me to use eDOL

After thefirst use, it is easy to use eDOL on adaily basis
The technical support was responsive enough when | asked for it

eDOL offers questionnaires and assessments that | feel are suitable for monitoring my pain and its impact on my

daily life

| believe that theinformation | have entered in eDOL allows my doctor to better understand my pain and improve

its management

During the time that | have been using eDOL, | feel that my doctor has better monitored my symptoms and that

my pain has been better managed

| believe that the information | have entered in eDOL will also help researchers to better understand chronic pain

and to identify new avenues of research

| think that eDOL will help mein my daily life to better manage my pain and its impact on my daily life

| think that eDOL will gradually improve my quality of life

| would like to continue using eDOL in the future

44(1.9)
7.3(2.0)
6.8(1.6)
7.1(1.6)
9.0(0.9)

85(17)
8.4(2.1)
8.7(1.9)

70(27)
7.0(2.2)

6.9 (2.5)

5.7 (3.1)

75(2.3)

5.8(2.7)
5.6 (2.4)
7.6(2.9)

988.5% indicated they would participate in the next phase of study on the new version of eDOL.

Secondary Objectives

We obtained 4 clusters that did not differ with respect to
sociodemographic and chronic pain characteristics (except for
pain interference with daily life) and their treatments
(Multimedia Appendix 4). Interestingly, al patient
characteristics obtained from validated biopsychosocial
guestionnaires differed between profiles. In particular, the
patients in cluster 4 had more severe scores in various
biopsychosocia and comorbidity scales (precariousness, anxiety,
depression, kinesiophobia, sleep and cognitive disorders;
P<.001) associated with agreater impact of pain and conversely
for cluster 1. Clusters 2 and 3 were intermediate groups.

In Cluster 4, 80.0% (24/30) of patients adhered to the use of the
tool, compared with 51.0% (19/37), 64.3% (9/14), and 43.5%
(10/23) in clusters 1, 2, and 3, respectively (Multimedia

https://formative.jmir.org/2022/3/e30052

Appendix 4). Moreover, type of pain was also related to
adherence, with patients suffering from nociplastic pain who
seemed to be more adherent than others (30/45, 66.7%; P=.01).
It is noteworthy that 2 other items (presence of cognitive
disorders and alexithymia) were related to adherence (P=.04),
but with a small effect size (Cramer V=.03 and Cramer V=.20
respectively).

With reference to the profile of patients in cluster 4, the most
severe patients, with a significant impact of pain on their daily
life (P=.03), seemed to be those who adhered most to eDOL
(24/62, 38.7% of patients who adhered to the use of the tool
werein cluster 4).

JMIR Form Res 2022 | vol. 6 | iss. 3 |e30052 | p.85
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Discussion

Overview

As this was primarily a feasibility study, we first discuss
considerations regarding the data collection and acceptability,
and then our exploratory results with respect to conducting
future works and improving eDOL . Because of the low number
of patients (and thus the limited longitudinal outcome data
collected), we did not explore the impact of eDOL on pain
disorders and related comorbidities.

Feasibility

Our results showed arate of adherence, after 3-month follow-up,
of approximately 60% (65/105, 61.9%) of patientsusingeDOL.
Three similar recent studies [24,27,31], which assessed a
smartphone app that enables patients with chronic pain to assess,
monitor, and communi cate their statusto their providers, showed
that 76%, 70%, and 72% of patients used the app for 3 months.
Another study [20], which assessed a remotely delivered pain
management program in a web-based format (web platform),
showed that 76% of patients adhered [20] for at least 3 months.
A study [75] with adolescents with chronic pain showed ahigh
level of adherence (78%) and satisfaction, and astudy [72] with
patients with multiple sclerosis and migraine that evaluated the
feasibility of using a smartphone app for patient follow-up
showed an adherence rate of 49% after 90 days. TheeDOL tool
seems to be accepted in a similar way to these other
smartphone-based or web-based apps. In our study, only an
email reminder was sent to our patientsif they had not used the
app within 2 weeks after their inclusion and only 1 visit
(included in their usual care path) was scheduled after at least
3 months. The studies[20,24,27,31,72,75] cited aboveincluded
regular telephone follow-up or frequent visits. Moreover,
according to the mean score (5.7, SD 3.1) for the statement
“During the time that | have been using eDOL, | feel that my
doctor has better monitored my symptoms and that my pain has
been better managed,” patients perceived that there was a lack
of involvement of physicians in the eDOL tool. A study [76]
showed that strong involvement by physicians increases
adherence and the effectiveness of eHealth tools. Therefore, we
can assumethat a closer relationship with our patients (medical
follow-up rhythm and involvement of physicians) would have
further increased their adherence. Thisisundoubtedly adirection
of research that should be taken for the future use of the app
and patient follow-up; however, we must keep in mind that the
aim of areal-life eHealth app is to be of little or no constraint
for patients and to improve their medical follow-up, while
lightening the physician’'s workload.

The good acceptability score, from both patients and physicians,
reflects the interest expressed for eDOL and its contribution to
the follow-up. Thus, eDOL could meet the urgent need to
develop self-management and chronic pain  management
strategiesthrough eHealth programs (internet, smartphone apps),
and their therapeutic interest, as described by several studies
[19,20,24-30].

https://formative.jmir.org/2022/3/e30052
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Exploratory Analyses

In our exploratory analyses, our study population was similar
to the profile of patients suffering from chronic pain in France
[77], Germany [78], the United Kingdom [2], Canada [79], or
the United States [74,80,81]—predominantly female,
middle-aged, active population of lower socioeconomic status
(precariousness, employment status, level of education), with
pain lasting morethan 5 years and suffering from psychological
distressand from fairly severe chronic pain that hasasignificant
impact on their lives (92% with moderate-to-severe pain, 20%
with high impact chronic pain [74] and 43% with Seep
disorders, such asawakenings dueto pain at least once anight),
mainly treated by antidepressants, and weak opioids.
Interestingly, most did not simultaneously explore
sociodemographic, psychological, pain disorders, and treatments
characteristics.

With our smartphone app, we were able to collect data on
precariousness, kinesiophobia, catastrophism, alexithymia,
feelings of injustice, personality, life satisfaction, beliefs about
pain, anxiety-depression, sleep, quality of life, cognitive
disorders, optimism and belief in a just world. We made this
choice because all of these factors are related to chronic pain
[38,40,50,77,82-90] and we wanted to evaluate the ability of
eDOL to characterize our patients precisely. Thus, the strength
of eDOL is that it enables the integration of a large panel of
validated questionnaires that, in turn, enable the precise
characterization of the patients, especialy regarding their
emotional and psychologica state, chronic pain, and related
comorbidities. This characterization will eventually provide a
large amount of data for care and research, and rely on a
multimodal exploratory analysis of the determinants and
repercussions of chronic pain, and their evolution in areal-life
context, taking into account all the environmental eventslikely
to influence chronic pain (treatments, history, comorbidities).

Finally, the multifactorial analysis of all our data enabled usto
group our study population into 4 clusters. Interestingly,
subpopulations of our patients could be distinguished only on
the basis of biopsychosocial questionnaires and impact of pain
on daly life whereas sociodemographic aspects,
symptomatology, seniority and treatment of pain did not differ
between our clusters. Cluster 4 represented patients with more
disabling chronic pain, more severe comorbidities, and more
pronounced psychological disorders, while cluster 1 represented
patients with chronic pain that has little impact on their daily
life, aswell as alower presence of comorbidity. Cluster 4 had
a higher proportion of adherent patients. Our findings were
similar results to those in a recent study [31], which showed
that adherent patients correspond to patients with high impact
chronic pain. These results seem consistent because patients
with high impact chronic pain [74] and associated comorbidities
aremorein need of atool that potentially improvestheir medical
follow-up and are therefore more inclined to use it. Moreover,
nociplastic pain was related to adherence (P=.01). According
to our experience with chronic pain treatment management, this
characteristic could be explained both by the fact that patients
suffering from nociplastic pain (especialy fibromyalgia) are
younger than the general chronic pain population (and thus,
more digital friendly) and very involved in the management of
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their pain. Interestingly, the presence of cognitive disordersand
alexithymia, independent of clusters, was related to adherence
(P=.04). We hypothesize that patients with these disorders are
aware of this and compensate by using eDOL as a digital
companion, resulting in better adherence.

In addition, our results support theimportance of questionnaires
assessing the biopsychosocial aspect of chronic painin addition
to the biomedica aspect in the medical follow-up and
characterization of patients with chronic pain. Moreover, in a
classical medical follow-up, patients typically only see their
pain specialist every 3 to 6 months. During these interviews,
patients often have difficulties recalling their various symptoms
and the impact of their pain over the past few months, which
corresponds to a recall or memory bias [91]. Nevertheless, a
review [92] demonstrates that the results of previous studies
investigating this topic are highly variable. Some studies have
shown that pain is remembered accurately [93-95], but others
highlighted that patients tend to overestimate [96,97] or
underestimate their pain [98]. Thus, a definitive answer to this
question is till lacking, but real-life monitoring of different
biopsychosocial and biomedical factorsrelated to pain (not only
pain intensity), using digital tools such as eDOL, could be a
benefit in treatment management and the follow-up of patients.

Limitations

There was a selection bias mainly because requiring the use of
a smartphones excludes patients who do not have or do not
know how to usethistool. This could exclude the older or more
precarious patients. Nevertheless, in view of our results, the age
of the participants and the rate of precariousness were similar
to those found in the genera French population, with and
without chronic pain [77,99]. We aso observed that our
population included many patientswith nociplastic pain (mainly
fibromyalgia, 50/80, 62.5%), which was not the case in other
foreign studies[20,24,27,31,72,75]. Another French study [77]
also found a high rate of fibromyalgia (42%), which seemsto
show that the population of French pain clinicsincludesalarge
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proportion of fibromyalgia patients. Thus, we can conclude that
this bias has little impact on our results. The second limitation
was a measurement bias, which occurs frequently in
observational studies[100]. Nevertheless, self-reporting permits
a wider range of responses than many other data collection
designs [101]. Measurement bias can arise from recall period,
selective recall, socia desirability, or sampling approach. In
our study, therecall period might be the major risk [100]. Since
all the questions dealt with the present moment or, at the latest,
1to 2 weeksearlier, therecall bias can be considered negligible.

Moreover, our satisfaction survey was not a standardized but
was a custom-made tool. We built this tool based on existing
tools, such as the Patient Satisfaction Questionnaire [69] and
the Client Satisfaction Questionnaire [70,71], and adapted it to
our study and to the eDOL tool so that we could have specific
feedback for improvement. It should be noted that the tools on
which ours were based have little or no relevance to mHealth
interventions [70], hence the need to create one adapted
specifically for our study.

Finally, only physicians were involved in thisfeasibility study;
other members of the careteam, such asnurses, physiotherapists,
and psychologists, did not participate in the study. The absence
of the point of view of the rest of care teamsis alimitation to
theinterpretation of the acceptability of theeDOL toal. In future
studies of the eDOL tool, we plan to include all the members
of the care team as well as the addition of a chatbot and a new
therapeutic education tool.

Conclusions

The study demonstrated the feasibility and acceptability of
eDOL for both patients with chronic pain and their physicians.
These pointsjustify continuing the deployment of the tool while
providing information to improve its use and adherence to
provide patients with chronic pain and their physicians with a
better longitudinal characterization of pain and its impacts for
an optimized and more personalized therapeutic management.
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Abstract

Background: Information behavior describesall human behaviorsin relation to information. Individual s experiencing disruption
or stigma often use internet-based tools and spaces to meet their associated information needs. One such context is pregnancy
loss, which, although impactful and common, has been absent from much of feminist and reproductive health and information
behavior scholarship. By understanding information behavior after pregnancy 1oss and accounting for it in designing internet-based
information spaces, we can take a meaningful step toward countering the stigma and silence that many who experience such loss
endure, facilitate coping, and make space for diverse pregnancy narrativesin our society.

Objective: Thisstudy’s objective isto provide a characterization of internet-based information behavior after pregnancy loss.

Methods: We examined internet-based information behavior after pregnancy lossthrough 9 in-depth interviewswith individuals
residing in the United States. We analyzed the data by using open and axia coding.

Results: We identified the following three themes in relation to participants’ information behavior in internet-based spaces:
needed information types, information-related concerns, and information outcomes. We drew from information behavior frameworks
to interpret the processes and concerns described by participants as they moved from recognizing information needs to searching
for information and to using information and experiencing outcomes. Specifically, we aligned these themes with information use
conceptsfrom theinformation behavior literature—information search, knowledge construction, information production, information
application, and information effects. Participants’ main concerns centered on being ableto easily find information (ie, searchability),
particularly on topics that had already been covered (ie, persistence), and, once found, being able to assess the information for
its relevance, helpfulness, and credibility (ie, assessability). We suggest the following design implications that support health
information behavior: assessahility, persistence, and searchability.

Conclusions:  We examined internet-based information behavior in the context of pregnancy loss, an important yet silenced
reproductive health experience. Owing to the prevalence of information seeking during pregnancy, we advocate that generic
pregnancy-rel ated information spaces should address the needs related to pregnancy loss that we identified in addition to spaces
dedicated to pregnancy loss. Such a shift could not only support those who use these spaces to manage pregnhancies and then
experience aloss but aso help combat the silence and stigma associated with loss and the linear and normative narrative by which
pregnancies are often represented.

(JMIR Form Res 2022;6(3):€32640) doi:10.2196/32640
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Introduction

Background

When humans face uncertainty, disruption, stigma, or distress,
helpful information encounters can be beneficial in making
sense of their experiences and assist in deciding how to move
forward. These encounters can occur through passive (eg,
finding information without seeking information) or active
information seeking. Information behavior is a concept that
describes al human behavior related to information, including
active seeking, browsing, and information use[1]. Social media
and other internet-based tools such as search engines are
important to modern information seekers, especially when
information needs are not met through traditional means [2,3]
and when a topic may carry a stigma in a given culture and
context. Thisisparticularly truefor health information behavior.

In fact, 59% of US adults report seeking health information on
the internet; 39% use the internet to determine their diagnosis,
and 53% of theseinter net-based diagnosers use theinformation
found on the internet in discussions with clinicians [4]. It is
well-established that individual s experiencing health conditions
(which can be disruptive, distressing, and stigmatizing) use
internet-based toolsto assist in managing their experiences. For
example, prior work at theintersection of health and information
behavior provides insights into information seeking [5], socid
support exchange [6,7], and how to design for better search
[8-10] or educational experiences [11], including the utility of
internet-based spacesin arange of reproductive health contexts
(eg, infertility [12,13] or pregnancy whilediabetic [14]). Inthis
work, we examine health information behavior (including
seeking, sharing, using, and the impact) as mediated and
facilitated through internet-based spaces and tools in a key
reproductive health context—pregnancy loss—for which such
behavior remains to be explored.

Pregnancy lossis often colloquially referred to as miscarriage.
By pregnancy loss, we mean the unintended loss of a desired
pregnancy at any gestational stage. Pregnancy loss is an
important context for investigating information behavior as it
is distressing, stigmatizing, disruptive, and traumatizing for
many. It challenges people’sidentities as expecting parents and
changesinterpersonal relationshipsbut isgenerally absent from
societal narratives of grief or reproduction [15]. Furthermore,
individuals experiencing pregnancy loss report negative
interactions with medical providers, family, and friends [15].
We dligned our work with that of Layne [16], a feminist
anthropologist, and Anddibi [17], ahuman-computer interaction
(HCI) researcher, who argued that pregnancy loss should be
included in feminist reproductive heath discourse and
pregnancy-rel ated technology design, respectively. Indeed, the
analysis of pregnancy-related mobile apps by Andalibi [17]
illustrates the lack of consideration for pregnancy loss as a
possible outcome of pregnancy in most apps that individuals
with pregnancies use and argues that this reinforces linear,
normative narratives about preghancy and is marginalizing and
harmful. The sociocultural context surrounding pregnancy loss
leaves many without basic information about it, which can
complicate and hinder coping.
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Prior information behavior research concerning stigmatizing
and distressing experiences[2,18,19] has explored the challenges
people face when engaging with authority figures (eg, care
providers) and how they can leverageinternet-based information
to fill needs not met in clinical encounters. Such work provides
insights into the information that specific groups seek [20,21],
how privileged and other communities differ in their use of
information to inform their care [22], and the benefits and
challenges individuals face when finding information on the
internet [12,21,23,24]. With respect to pregnancy loss, prior
work has examined topics such as social support and
self-disclosure at the intersection of pregnancy loss and
technology [25-27], showing how internet-based spaces are
sites for support exchange, sensemaking, and validation or
invalidation [28-30]. A recent study provided insights into
information needs after loss, including general information
about loss, counseling resources, others experiences, and
information from providers [28]. We built on these works to
explore the dimensions of information behavior after pregnancy
lossin relation to existing internet-based spaces, the needsthese
spaces help meet, challenges they pose to individuals enduring
apregnancy loss, and outcomes.

We conducted interviewswith women in the United Stateswho
had recently experienced a pregnancy loss and who used social
media. We reported on 3 themes related to needed information
types, information-related concerns, and information outcomes
as mediated through internet-based spaces and tools. We
interpreted these themes by drawing from conceptions of
information use synthesized by Kari [31]: information search,
knowledge construction, information production, applying
information, and the effects of information. We found two main
categories of information need—evidence-based and
experience-based information—echoing health information
needs research in other contexts [32,33]. Participants main
information concerns were related to their ability to find
information and their ability to assess the credibility of the
information they found. Finally, we found that internet-based
information encounters could lead to not only finding answers
to questions but also learning what questions to ask and
sometimes how to advocate for oneself in clinical encounters
or even consider advocating for oneself as an option.

By examining information behavior in relation to experiencing
personal uncertainty, disruption, stigma, or distress, we can
better understand the ways people go about meeting their
information needs, thus uncovering the challenges and benefits
they facein day-to-day information encounters. Thisknowledge
will (1) allow technologists and researchers to design
technologies that meet people’s information needs in times of
distress and fit into their existing practices with the potential to
positively affect their well-being and (2) improve clinicians
understanding of the pregnancy |oss experience.

It should be noted that we advocate that pregnancy loss is not
just a women’s health topic—individuals not identifying as
women can also experience pregnancy and loss, and these
experiences are important. In this study, athough our
recruitment efforts were not limited to individuals identifying
as women, al participants were women. Therefore, we used
this framing and terminology throughout this paper.
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Related Work

I nformation Behavior

Wilson [1] presented a general model of information behavior
comprising information need, seeking, processing, and use and
consideration of the role that an individual’s environment can
play in their information behavior. The model by Wilson [1]
has become afoundation for researchers exploring information
behavior. However, Wilson [1] only accounts for when one has
a known information need. Erdelez [34] extended the
information behavior theories to encompass the processing of
information that one was not actively seeking, termed
information encountering. This concept alows for the
exploration of the wuse of technologies in an
information-saturated environment [34-36].

Prior scholarships have examined information behavior by
examining information use. Kari [31] conducted a systematic
literature review on information use within the information
studies field and outlined 7 major conceptions that we draw
from in interpreting our findings. In this paper, we explore the
health information behavior of individualswho have experienced
pregnancy loss and seek information on the internet. These
conceptions, proposed by Kari [31], are relevant to our study
of information behavior related to pregnancy loss:

« Information search: the processes of information seeking
and information retrieval

«  Knowledge construction: mental constructs are shaped or
designed to function as a basis of thinking

« Information production: creating an expression of
knowledge, which others can also observe

«  Applying information: information functions as a resource
in some processes

« Effects of information: changes brought about by
information

HCI scholarship’s examination of information behavior has
mainly centered on the concepts of information need [28] and
information search (eg, how social contexts, environments,
specific disabilities, or even mood can influence individuals
information-seeking behavior [8-10,37,38]). In this study, we
recognized the need to go beyond information seeking and
consider information use concepts.

Health I nformation Behavior and I nternet-Based Spaces

Health information behavior encompasses the general model
created by Wilson [1] but with the information component being
health information, which includes how individuals seek
information about their health and health risks and examines
their engagement or disengagement with health information in
connection to information use concepts [31,39]. Health
information seekers, both offline and on the internet, admit a
heavy reliance on medical professionals for information.
Medical professionals are often the first choice; however, the
prevalence of internet-based resources and an optional social
component has madeinternet-based health information seeking
widespread in the United States [40,41]. Marginalized and
stigmatized communities may especially benefit from finding
additional health information, which they can present to their
medical professionalsto counteract language barriers, bias, and

https://formative.jmir.org/2022/3/e32640

Andalibi & Bowen

general dismissal [20,42]. Therefore, these groups are primed
to become innovative information seekers, as they are likely to
turn to and trust outside sources of health information [20-22].
Internet-based spaces can provide sources for information and
support for those who are denied it or who do not sufficiently
trust sources such as medical professionals to consult them
[27,43,44].

Prior research has identified two types of health information:
expertise-based information, which is produced by medical
professionals, and experience-based information, which refers
to information shared based on subjective first-hand health
experiences [32]. People use both evidence-based health
information and experience-based health information found on
internet sites, social networking sites, and blogs [33].
Experience-based information also affects people’'s heath
behaviors [33]. Examining health information behavior may
allow usto better design health information needs.

Previous scholarship has emphasi zed investigating the behavior
of medical professionalsto better design future technology that
can assist in streamlining their processes [45-48]. Noted asearly
as 10 years before this study [49], investigating the context of
health information searching and use by individual sexperiencing
health conditionsis also necessary to design information spaces
on the internet in support of health. There have been
developments in research on consumer health information
behavior, even if not framed using information behavior
theories, with communities such as older adults[50], pregnancy
(excluding loss) [51,52], and HIV information seekers [24].
There remains a need to examine the breadth of health
information topics, depth of health information seeker
communities, and varied behaviors and outcomes once
information is discovered. A context that is in and of itself
important but that can also teach us about other stigmatizing
and marginalized health experiencesis pregnancy 10ss.

Pregnancy, Pregnancy Loss, and | nformation Behavior
in I nternet-Based Spaces

Information behavior scholarship related to coping with
pregnancy loss is scarce, even as scholars examine the
information behavior of individuals with pregnancies. Women
with pregnancies use internet resources to manage pregnancies
[53,54]. Infact, social mediaand other internet-based resources
play an important role in the information needs of expectant
individualsin the United States [53-56].

The information needs of individuals with pregnancies have
been a research focus [57,58], although only with generic
mentions of pregnancy loss, with few exceptions[28]. Similarly,
design research [59,60] in the pregnancy space has largely not
accounted for pregnancy loss. The significance of pregnancy
loss is often minimized and rendered invisible. Gold et al [61]
were among thefirst to examineinternet-based support seeking
of individuals who have experienced pregnancy loss, finding
that internet-based support can provide a safe haven from
in-person stigma and revealing a preference for moderators
within these spaces. This highlights the need to understand
pregnancy loss—related information needs and behavior,
especialy asthereisno uniqueway inwhichlossisexperienced
[28].

JMIR Form Res 2022 | vol. 6 | iss. 3 [€32640 | p.95
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

We focus on pregnancy loss to examine how individuals who
are enduring a loss use internet-based spaces to meet their
information needs and identify the challenges and outcomes
they face in this process. We effectively examine information
behavior mediated through internet-based spacesfor individuals
enduring apregnancy loss. Pregnancy loss, inthissense, ismore
broadly situated within both reproductive health and women's
health.

Pregnancy lossis common, occurring in approximately 20% of
the identified pregnancies [62]. It is linked to stigma, mental
health challenges, and shifts in identity and personal
relationships [15]. It isalso difficult to find support because of
the stigma, shame, and guilt attached to it, although it tends to
be traumatizing [63]. Not only is the experience absent from
dominant pregnancy narratives [16], but also grieving such
losses is not socially acceptable, leading to inconsiderate or
unsupportive reactions from others [15]. Research at the
intersection of pregnancy loss and technology has examined
how and why people choose to disclose it on socia media
[26,27,64], how and why others respond to such content [65],
the outcomes of such disclosures[25], pregnancy-related apps
inclusion of pregnancy loss [17], validation seeking on the
internet after aloss [30], and information needs [28]. Kresnye
et al [28] found that forums, Facebook, and blogs are common
internet-based sources after pregnancy loss and that people
needed general loss-related information, counseling resources,
information about others’ experiences, and information from
medical providers. However, they also found challenges such
asdifficulty in locating resources and stigma. We have built on
such work to examine what needs are met by existing
internet-based spaces and what challenges they provide. We
address the following research question: What are
information-related processes (eg, needs, challenges, and
outcomes) for individual s enduring pregnancy losses, and how
are these mediated through internet-based tools?

Methods

Recruitment

We conducted 9 remotein-depth semistructured interviewswith
individua swho had experienced pregnancy lossor losseswithin
the past 2 years (to facilitate recall and similar social media
landscape). Interviews averaged 92 (range: 80-104) minutes.
In this study, pregnancy loss was defined as the unintentional
loss of a pregnancy at any gestational stage. Research has
suggested that the gestational stage of lossis not acausal factor
in the severity of grief and coping experience [66]; therefore,
we did not screen participants based on the | oss stage. We used
ascreening survey to purposefully [67] sample participantswho
varied in experience, demographics, and technology use to the
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extent possible. The screening survey was shared on the lead
researcher’s social mediaaccounts and, from there, beyond their
network. This choice was informed by prior work [68-70] that
used social mediafor reaching hard to reach populations. This
wasalso appropriate asacriterion for inclusion was social media
use. We do not know how many times the link was shared or
who shared it. We did not ask participants to share the study
call with those who may be eligible to participate.

Ethics Approval

This study was approved by the University of Michigan
Ingtitutional Review Board (HUM00156077).

Screening Survey

To qualify, respondents had to meet the following requirements:
live in the United States, have experienced a pregnancy loss
within the past 2 years, be a social media user, and be aged at
least 18 years. Only respondents who met these criteria went
on to the next stage of the screening survey, which included
guestions about the general use of internet-based platforms,
internet-based platforms used in connection to pregnancy |oss,
needs after alossto assist in processing, the month and year of
the most recent pregnancy oss, age, self-description of gender,
race, ethnicity, statuswithinthe LGBTQ (lesbian, gay, bisexual,
transgender, and queer or questioning) community,
self-description of whether they had children, relationship status,
education level, household income, primary religion, and
residence in an urban area (>50,000 residents) or rural areas
(<50,000). We asked respondents to self-describe whether they
had children or not (and how many) as this can be an
emotionally charged question for those who have experienced
pregnancy losses and to allow for diverse ideological views on
the matter.

The screening survey received 49 responses. After survey
completion, the lead researcher contacted respondents with an
internet-based consent form, additional study information (eg,
tools and devices they would need access to during the
interview), and scheduling options. A total of 9 people
completed this process and were included in the study.
Participant agesranged from 31 to 42 years. Of the 9 individuals,
8 identified as Caucasian or White and 1 as Black American; 5
identified as having children, 2 stated that they had none, and
2 chose not to answer. All identified as women, and all had
some college education, with most having an advanced degree.
Most were married, and one of the individuals identified as
single. Of the 9 individuals, 1 identified as LGBTQ and 8 as
heterosexual and cisgender. Of the 9 individuals, 1 made <US
$50,000; the rest had an income of 2US $75,000. Most lived in
urban areas, and one of the individuals lived in a rural area.
Table 1 presents the participants’ information.
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Table 1. Participant information.
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Characteristics  Participant ID

P1 P2 P3 P4 P5 P6 P7 P8 P9
Age (years) 31 34 42 32 37 30 39 31 37
Gender® Female Female Female Female Female Female Female Female Female
Race® Caucasian Caucasian White Caucasian Caucasian Black White White White
Ethnicity? White Adopted Ashkenazi Jewish White Black White White White
Jewish American
LGBTQP No No No No No Yes No No No
Children® Noanswer 2 1 0 1 Noanswer 1 1 0
Relationship Married Married Married Married Single Married Married Married Married
status
Education Graduate Graduate College College Some col- Graduate Graduate  Graduate College
degree degree lege degree degree degree
Income (US$) =75,000 >75,000 >75,000 >75,000 30,000- >75,000 >75,000 >75,000 >75,000
49,999
Religion Christian Catholic Jewish Jawish Catholic Atheist Agnostic  Nothing Atheist
Rura or urban  Urban Urban Urban Rura Urban Urban Urban Urban Urban
Technology FBC, FSGd, FB, FSG, FB, FSG, FB, IG, FB, FSG, FB, IG, TW, FB, FSG, FB,1G,and FB, FSG,
Uses 1GE and fer- _IG, andfertil- IG, and TWf Snapchat, IG, TW and and pregnan- IG,_T_W, infertility or |G, preg-
iili ' track ity or preg- pregnancy fertility or cy apps fertility pregnancy nancy
.' Ity track- nancy apps apps, andfo-  pregnancy apps, and  apps apps, and
Ing apps rums apps forums forums

8Responses to questions about gender, race, ethnicity, and having children were open ended to provide flexibility for self-descriptions. For others, we

used predefined choices with an option to self-describe.

bLGBTQ: lesbian, gay, bisexual, transgender, and queer or questioning.
°FB: Facebook.

9FSG: Facebook support groups.

G Instagram.

fTw: Twitter,

Interview Overview

Participants chose their preferred remote tool (eg, Skype or
Google Meet) as long as it alowed viewing our screen when
shared (required for a portion of the study that was not used in
this paper). To preserve participants’ privacy and facilitate their
comfort, only audio was recorded.

Interview Guide Overview

First, participants were asked about their life when they found
out they were pregnant and what followed. Next, participants
were invited to 3 illustration tasks, with their choice of words
or drawing on paper, their general social media use, and their
technology use during pregnancy and in relation to pregnancy
loss, respectively. After eachillustration, participantswere asked
to photograph their work and send it (viaemail and text) to the
interviewer during the call. They were then asked to provide
detailed verbal descriptions of their submissions. Visual
elicitation methods often help participants articulate mental
models associated with sensitive topics, facilitating flexibility
and reflection [71-73]. Studies on pregnancy support networks
[74] have used similar methods. We emphasized that only they
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needed to understand their submission and that we would ask
them to explain it to us later.

Next, we focused on understanding participants needs for
coping and support after loss and how these needswere or were
not met, including through the use of technology. Finaly,
participants used paper and pens to outline an ideal support
system and then shared and explained these to us, as in the
aforementioned activities. Here, we focus only on the results
of information behavior.

Analysis

We recorded the audio during interviews and transcribed them
for analysis. We conducted a qualitative analysis using open
coding, followed by axial coding [75]. That is, we did not base
our analysis on pre-existing codes asit was important to center
participants’ voices and pregnancy loss.

Guided by our research question, the first author (who also
conducted the interviews) developed initial codes by open
coding 3interviews. They iterated these codes and refined them
using memoing in the process. Then, ateam member trained in
qualitative analysis was given the data and codes who met with
the first author to discuss the definitions. The team member
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spent several weeks familiarizing themselves with all data and
codes, discussing them weekly with the first author. After
gaining a reasonable understanding, the team member
independently applied the codesto the same 3 interviews coded
by thefirst author. They created no new codes, despite keeping
an eye out for new observations. The first author and the team
member discussed any divergence in the coding of these 3
interviews to ensure mutual understanding. Then, the team
member coded the rest of the data, discussing the interviews
and code applications with the first author weekly. The first
author then assessed the codes and excerpts to ensure
consistency and grouped codes into larger categories. For
example, codes for various information needs were grouped
under the umbrella of information needs. The authors then
refined the observed themes and discussed them in relation to
the Kari [31] framework; in other words, we did not set out to
use the Kari [31] framework in our study as we did not know
what would be important to participants; we collected the data,
analyzed them, and consulted thework by Kari [31] to interpret
and organize our resulting themes. In this paper, we report
themesrel ated to our research question, focusing on information
behavior.

Results

Overview

We report on our findings in three main themes related to the
participants’ information behavior: (1) needed information type,
(2) information-related concerns, and (3) information outcomes.
In interpreting these themes, we draw connections to the five
information use conceptions conceived by Kari [31], presented
in the Information Behavior section: knowledge construction,
information search, applying information, information
production, and effects of information. We describe how these
concepts illuminate participants' use of internet-based spaces
(ie, forums, pregnancy apps, search engines, and Facebook
groups) for information related to pregnancy loss and coping,
grieving, and sense making.

Knowledge Construction and Needed I nformation
Types

Overview

An unmet need to gain knowledge motivated participants to
turn to internet-based spaces to seek information. Individuals
who arelikely to face discrimination or stigmatization in health
care settings often turn to other sources of information [2,3].
Our findings suggest that the main types of information
participants sought fell within these categories: (1) science and
evidence-based information about pregnancy loss, including
information about the individual with pregnancy and their
partner, and (2) experience-based information, including
information about pregnancy-related medical conditions and
others experiences with pregnancy loss. According to the
concept of knowledge construction by Kari [31], individuals
turn to information seeking (ie, information search) to resolve
unknown or unsure knowledge and enter the process of
developing new knowledge, ideas, and beliefs.
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Information sources for these needs were others' stories and
experiences (experience-based) and scientifically oriented
information (evidence-based), the categories in which
knowledge construction [31] occurred. Notably, P9 said, “First
and foremost | would say, | needed...information and...to hear
other people's stories.”

Similarly, 2 broad types of information paths were identified;
P8 noted the following:

S0 then there's the two paths...on the one side was
that the evidence based in...things that were actually
true like journal article or something that had
qualitative and quantitative research...and that, in
someways, that led to this down arrow of information,
which...was helpful...at times. But then after you
become a datistic like losing two...sometimes the
research doesn’t mean as much anymore because you
realize that you can be a two percent....

P8 continued by stating the following:

But then on the other side was the real experiences
and that’s what | would find through some of those
forums...that in some ways it didn’t lead to that
evidence-based information, but it led to in some ways
validation.

Other people and academic, evidence-based information were
important for P8's experience and were complementary. In fact,
many differentiated between medical, evidence-based
information, and other types. For example, P7 noted adistinction
between the 2 information sources:

And | think..the practical information doesn’t
necessarily have to be medically informed. Having
towels under you when you sleep doesn’t need to be
medically informed.

This speaks to information that one would need that is not
necessarily sourced from amedical professional but is till key.
In what follows, we delve deeper into the types of information
that participants sought on the internet.

Science- and Evidence-Based | nformation Needs

Participants often felt that medical professionals did not
adequately meet their information needs:

I think, if it were to happen to me again, | would
wanna talk to my OB at length, like, “ Why is it that
some people do it, some people don’'t?” ...stuff like
that, being able to know specifically related to
medical procedures, under what circumstances should
one have a D& C? What are the implications of it?
‘Cause I've heard that there's some negative side
effects. [P7]

P7 had questions not answered by her provider about dilation
and curettage. She turned to internet-based spaces such as
support groups, forums, and search engines.

Medical information needs were also informed by the gap
between the participants’ needs and their level of trust in their
medical care provider. Combined with the relationship aspect
is a hesitancy and inability to reach out to their medical care
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provider when concerns may be viewed as trivia but are
nonetheless crucial to participants experiences. Seeking
evidence-based information via Google and other internet-based
resources such as online support groups and forums was a way
of complementing the information received from medical
professionals.

P1 spoke of therolethat her provider could have played to meet
her information needs but did not:

I think that would have done wonders. Having my
doctor able to answer all the little insane questions
| would have all the time because when you'refeeling
thingsthat you' re not used to feeling...I automatically
thought something was wrong...Like oh, this is
happening to my body, let me Google it because |
can't just call my doctor every five minutes. So,
having access to a healthcare provider that doesn't
mind you badgering them.

Obtaining knowledge about | oss before both pregnancy and loss
was aso important. A lack of such information increased
confusion and difficulty when the loss occurred. Aswe seein
P5’'sremarks, being kept inthe dark by medical providersabout
the risks for and signs of pregnancy loss prompted her to seek
information and others’ stories via Google:

When | went into the first pregnancy, | was very
oblivious to a lot of stuff...I wish | would have had
the knowledge, either from the group or by reading,
researching, looking things up...I just assumed
everything’sgreat, you're pregnant...my doctor pretty
much kept me in the dark about it. He would just,
“ Okay. Everything's fine. Everything's fine” When,
in reality, it wasn't. | had to learn that the second
time around from other people.

For her first pregnancy, P5 trusted that her health care provider
had shared the needed knowledge and that trust contributed to
P5 not looking for outside information. However, after
experiencing thefirst pregnancy loss, P5 blamed herself for not
independently seeking evidence-based information. P5 had
unmet medical information needs, which were only learned
after her experience with pregnancy loss. P5 expressed how
much she would have benefited from the missing knowledge
in coping with the first pregnancy loss. These accounts align
with the finding by Kresnye et al [28] that individuals tend to
attempt to find information after aloss occurs, not before it.

Some participants also noted an unmet need for information
from their partners. This could take the form of resources for
conveying the information they received from a medical
provider to their partners and specific signsapartner could look
out for.

P6 said the following:

I think, also information to help the partners. Cause
like, I would go to my husband...but he didn’t have
any more information than | did. And...we're both
highly educated...But...all the information we had,
didn’t really prep usfor...under standing miscarriage.
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P2 discovered that internet-based groups could help fill that
need:

It was also nice for my husband because...| don’t do

a very good job of explaining my physical. | tend to

write everything off. I'm like “ I'm fine” ...And so it

was nice for him to be able to read what | was

physically going through since | wasjust saying | was

fine. And it was helpful because then when he did

read it, he would say “ Sop doing the dishes. Go sit

down” “Don't make dinner, I'm going to pick

something up tonight”
These quotes showed that P6 would appreciate guidance from
medical professionals for partners of individuals navigating
preghancy loss, whereas P2 found guidance on how to express
the toll of pregnancy loss to her husband and gain the support
she needed from him. While some parti ci pants viewed that they
experienced the loss together with their partner, the partner
could not always be helpful partially because of lack of
information. Partners can be caregivers and supporters in
pregnancy journeys|76], and we suggest that future work should
further consider partners experiencing losses as part of those
journeys.

The turn to internet-based spaces for knowledge construction
often stemmed from the unavailability of information from
health care providers, whether because of participants’ hesitancy
totrust health care practitioners or the health care practitioners’
unwillingness to provide it. What Kari [31] refers to as
knowledge construction is the processing of information to
devel op new knowledge or validate unsure knowl edge. Science-
and evidence-based information related to pregnancy loss was
an unmet need high in priority to participants, but so was
practical information from others' experiences. In the next
section, we address the importance of the latter information
type in internet-based spaces and the comfort offered by such
knowledge.

Experience-Based I nformation Needs

A need for medically related information, which may be
considered more reliable when the provider has first-hand
experience or shared cultural views and identities, related to
specific medical conditions or physical experiences connected
to pregnancy loss. This information, sought in spaces such as
blogs or internet-based support groups, was helpful, as these
concerns may have been thought of as trivial by health care
providers.

P3 described a need that may not easily be met by medical
professionals:

But | feel like a lot of my issues..are kind of
cultural...and that being able to speak about themin
a group that’s more culturally similar...like Jewish
rituals, superdtitions...being able to have other
people's input and guidance and what worked for
them would have been nice.

P3 wanted to find information sources who understood her
cultural beliefsand had insight into dealing with pregnancy loss
asaJewish person. Determining whether amedical professional
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could provide thisinsight may not be possible, so sheturned to
digital spaces.

Similarly, P6 emphasized the importance of receiving
information from individualswho share similarities, particularly
when one is a part of a group that can often receive less than
the standard of care from medical professionals.

WEI|...there's been a series of studies...about how, oh
black women are nearly four times more likely to die
giving birth..more likely to be denied pain
medication...their babiesare morelikely to die before
the age of one. So that's something | think about as
aresearcher. Like the gap between logistics, because
all of those are just the outcomes of logistic
models...you have to understand that statistics are
not a good way to tell the story. So, | started just
paying attention moreto women, black women telling
their stories. And...anecdotes aren’'t data. But those
stories do matter.... [P6]

P3 and P6 turned to internet-based spaces in search of
information that they deemed critical to their specific
experiences of pregnancy loss based on culture, race, medical
beliefs, and medical statitics. Individualswho have experienced
pregnancy loss may not have access to medical professionals
who can provide information that speak specifically to such
cultura or racial issues.

Often, medical information could originate from social tieswith
relevant personal experiences (as described above) or
professional expertise. For example, P2 mentioned needing
dietary information after her loss, which afamily member who
had a relevant scientific background was able to provide:

My kid's godfather...studies gut bacteria and he was
like" WeIl here are somethingsthat can actually help
with...absorption of nutrients” And so that wasreally
helpful. If I'm taking all these supplements, then |
want to know how I’ m actually absorbing them.

These examplesillustrate participants needsto find information
not only about pregnancy loss broadly but also about the variety
of relevant conditions that may not be shared across all
individual s experiencing pregnancy losses.

Participants also reflected on the need to know the basics of
pregnancy loss symptoms, what to physically expect, and how
to practically prepare:

I wish a girlfriend would have been like, hey, you
should lay down a bunch of towel sin the bed because
the second day is worse...it would have been very
useful...But people don’t tell you this...Little tiny
practical tips...Nobody would hurt from...sleeping on
towels. [P7]
In addition to information aligned with one's experience,
condition, and identity and culture, participants noted that
information from otherswho had experienced | osses could al so
be practical.

Another example included not only looking for symptoms of
loss but also gaining basic information on the stages of

pregnancy:
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Basically Glow was not only a way for you to track
your symptoms of your cycle...Do you have your
cervical discharge?, and any kind of other symptoms
that you have and if you've gotten a positive OPK.
The forums are also helpful because | didn’t know a
lot at the time. | didn’t know that it takes 6-12 days
for an egg to implant and 2-3 days...to get a positive
after that. [P4]

This basic information on the symptoms of loss and pregnancy
stages may be overlooked by medical professionals as obvious
or trivial, which makes internet-based groups an avenue for
education. Furthermore, we see that some information needs
after a loss tend to be about future pregnancies, which are
necessarily positioned within one's pregnancy history, including
theloss.

A combination of evidence-based, identity and culture-aligned,
and practical information from otherswho have experience with
pregnancy |oss made up most of theinformation that participants
sought or needed. However, participants also noted finding
information that they would have preferred from their
evidence-based sources that were not readily available. For
example, some were able to find information on forums that
were not available through Google searches (ie, deleted by clinic
businesses) and may not be readily shared by hedth care
professionals. For instance, P7 shared the following:

Those forums were super-duper useful. And...that
information wouldn't be out there at Google, because
these fertility clinics...don’t want people to actually
know how much these things cost. And...They clean
the web of reviews and stuff, because it's a business.

In this section, we described the information needs that health
care providers were either unwilling or unable to meet and the
sources that participants, in turn, used to construct knowledge.
Our analysis highlights two main overarching types of
information that participants sought: (1) science- and
evidence-based information about pregnancy loss, including
information about the pregnant individual’s partner, and (2)
experience-based information, including information about
pregnancy-related medical conditions and others’ experiences
with pregnancy loss, especially those aligned with one’'sculture
and identity. Participants were able to address many of these
information needsin internet-based spaces but would appreciate
and benefit from health care providers' input regarding the
credibility of medically related information and their assistance
in conveying their knowledge to partners. The next section
covers specific concerns that participants expressed related to
pregnancy loss—related information encountersin internet-based
spaces.

Information-Related Concernsin I nfor mation Search

Overview

Our findings suggested two main concerns in information
encounters. (1) being able to find information and (2)
determining the credibility of information. These are aligned
with the information search concept of Kari [31], as the ability
to useinformation or information resourcesisdirectly connected
to the feasibility of searching for and accessing information,
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which makes these concerns important for designing
internet-based spaces. Persistence (ie, “the extent to which a
platform affords the continued availability of content over time”
[77]) and searchability (ie, the extent to which aplatform affords
users the ability to search for content using search terms)
together afforded timely access to information.

Challenge 1: Ability to Find I nformation Shaped by
Persistence and Searchability

Persistence and searchability often went hand in hand. Easy
access to and almost real-time return on information was
important. Posting a question on an online forum or support
group and waiting for responses was not an appropriate method
to meet some needs.

For example, P7 used search enginesto quickly find information
from old forum posts:

For me at that stage, googling for info went infinitely
tothetop...l didn't necessarily wannatalk to a human
about what | was experiencing...l didn’t wanna wait
for a human to respond. | wanted in that minute to
be like, “How much blood loss is too much? When
should | call my doctor?” | need thisimmediately.

Participants appreciated the ability to search for information on
the internet, find it quickly, and be able to access it without
posting about their own experiences, which can be difficult
during moments of distress. The benefit of finding and reading
available posts and answers rather than posting oneself is seen
in P1's response:

I had lots of questions. The cool thing about the
Facebook group is not only do you have everything
that people are posting right now, but you can go to
the top and you can typein a specific thing. And then
all the posts that have to do with that come up.

P7 described the importance of the interfaces in supporting
search, evidence-based information, and archived information:

Medically informed information with citations...in
terms of the actual interface it hasto be super-duper
searchable, with a very good search. That's one of
the downsides to app-based stuff is that you can’t go
into the Ovia pregnancy app for example, and search
12 weeks or something...Also...making sure that it's
archived, sothat...| can see here's something someone
posted three years ago that was similar to my
situation, so | don't have to wait for answers in the
moment...therewas quite a while that the searchability
of Facebook was really poor, especially on
mobile...that’s really unfortunate.

Participants found value in archived information, collective
experiences, and searchability. Being ableto search for relevant
information required an effective search functionality and
permanent storage that allowed participants to draw from the
vast amount of experience-based and evidence-based
information shared over time. I nternet-based spaces can provide
swift access, in contrast to contacting, scheduling an
appointment, and then conversing with health care providers.
If an internet-based space maintains truly usable search
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functionality and stores information in a persistent manner, it
can bearesourcefor information needed at particular moments.
As seen in P7's comment on the difficulties of searching in
apps, when persistence and searchability are not maintained,
information seekers turn to other spaces to meet their
information needs.

Challenge 2: Determining I nformation Credibility

Facing misinformation or information perceived asless credible
or difficult to assess was another challenge. Participants often
turned to internet-based forums for information about specific
conditionsrelated to loss. There, they encountered the challenge
of assessing what information was credible and what was not.

P1 described this problem as follows:

As far as Baby Center, | used that a ton right after
the ectopic pregnancy because | didn’t know who else
to ask...I found a lot of helpful things...but...you also
find things like things that don't seem to be
helpful...oh, | heard my neighbor’sfriend’ssister had
thisresponse. Like well, isit that really...fact?

As another example, P4 said, “[That was] really helpful in
getting educated, but there’salso alot of garbagein there, which
| found out once | moved over to the Ava group.” Although P4
was able to gain some useful information in a Facebook group,
she also found misinformation, which became apparent to her
once she moved to a space that she thought included less
misinformation.

The amount of misinformation led someto |leaveinternet-based
forums altogether: “I did look at the forum but they drove me
nuts and | stopped looking a them. They're a lot of
misinformation...” [P6]. Thisis problematic as people cometo
these spaces to find information and social support; leaving
meansthat they will not be ableto access other types of support
either. Ideally, people who join these spaces would stay for
sometime, both to find support and information for themselves
and contribute to support others.

Participants found it difficult to find medically approved
information about pregnancy lossin general pregnancy forums.
This was particularly challenging and a cause for confusion
because of advice that was contested. To this point, P7 said the
following:

But medically informed information that...I could
trust...is hard to find in general forums. Those
infertility forums are pretty exceptional in how
knowl edgeabl e those people are about medical stuff,
but in general pregnancy forums, people are dumb
as rocks.

When participants sought information on Google or forums,
they noticed a preval ence of what they considered nonscientific
information. P3 reflected on a way of assessing the credibility
of evidence-based information shared in digital spaces:

| could imagine, in a way, an information center,
where it's not so much about feelings but the
guestions are more fact-based and the discussion is
morefact-based. | guessyou can't really have medical
advice becauseit’salways lawsuits. But where people
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are encouraged to give answers that are fact-based,
like studies and what they read.

Finding credible information that one can trust could have
helped P7 and P3 make sense of their experiences, plan for the
next steps, and regain control that was lost through the loss
experience.

A main motivator for turning to internet-based spaces was a
need to gain knowledge quickly; however, that benefit can be
negated when one is unable to determine the credibility of
information, when theinformation is deemed to be not credible,
or when digital spaces do not afford effective searching. In the
next section, we address the outcomes of looking for and finding
information on pregnancy loss in internet-based spaces.

Information Outcomes: Applying Information,
Information Production, and Effects of | nformation

Overview

Accessing information in internet-based spaces hasimplications
for participants future behaviors. We found that after new
knowledge construction, participants (1) used information to
advocate for themselveswith medical professionalsand (2) had
their concerns and ideas validated. These outcomes align with
the following information use conceptsidentified by Kari [31]:
applying information, which occurs when one uses new
knowledge, such asraising concernsto amedical professional;
information production, which involvesusing learned knowledge
to produce information for others, such aswriting a post on an
internet-based space; and the effects of information, where the
information influences one's future choices. In these
internet-based information spaces, participants devel oped tools
for clinical encounters, such as learning what to ask and how
to advocate for themsel ves. Newly obtained knowledge can also
provide insights into options that are not presented or even
discouraged by health care providers, in turn influencing one's
decisions.

Applying Information: Learning What to Ask

For some, internet-based spaces were places where parti cipants
learned what questions to ask. P9 said the following:

It'sonly with finding an online community that | also
found the language | needed to ask, should we be
doing thefollowing things? Should we be considering
thiskind of doctor? This kind of testing?

Thisisimportant, as the stigma surrounding loss contributes to
less discourse and education about the topic [26,63].

Learning without asking was also a benefit, described by P5 as
follows:

At the beginning of my pregnancy, there was a lot of
warning signs that | wasn't aware of: the heartbeat
was low, | had low progesterone. There's so many
different thingsthat | didn’t pick up on, becausel just
wasn't aware. And being part of this group...helped
me become aware, because these women had similar
stories.
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Thisis noteworthy, as lurking is often associated with negative
connotations [ 78]; however, we suggest that it can serve as an
effective learning strategy.

Overdll, internet-based spaces and tools not only provided
answers but al so inspired participants with questions they could
ask health care providers. Knowing what to ask and what to
look for can make an individual more informed and lead to
changed behavior. Participants expressed that they had used or
would use knowledge found in digital spaces to obtain the
needed information in conversationswith medical professionals
and prepare an outline of warning signsto try to avoid afuture
pregnancy loss; these examples align with the Kari [31] concept
of applying information.

Information Production and Effects of | nformation:
Changed Behavior

I nternet-based spaces al so become spacesfor sharing one’'sown
experienceto inform others. P3 used an internet-based space to
share information that she thought was needed and unavailable
from other sources:

The other thing I'll post about is with my third
miscarriage, | had the choice of getting...a different
procedure...that most women...don't realize is an
option...So that’s kind of my soapbox...I" |l often post
about it...if | feel like | can offer relevant, helpful
information.

In this case, P3 produced information to help others advocate
for themselves by contributing experience-based information
that she knew would otherwise be unavailable to others. This
is an example of the information production concept of
information use by Kari [31].

Another example is found in P2's choice to remain in an
infertility group as a source of information for others:

| debated...whether or not to stay, but | feel like if
anyone was going through what | went through, it
took so long for my doctors to diagnose the problem
that...I'd want to help somebody, because it was a
simple blood test that nobody bothered to run for a
year.

P2's role in the infertility group changed from information
seeker to information producer, a source of experience-based
information.

As noted in earlier sections, internet-based spaces such as
Facebook groups or forums fill an informational gap that can
occur when health care professionals are not available or refuse
to meet information needs and when other internet-based
resources (eg, Google) are unavailable or inaccessible (eg,
information related to fertility clinics deleted from Google by
clinic businesses). Here, we see how the knowledge gained in
these spaces can lead to more informed decisions. As an
example, P9 shared a story about finding instructions about in
vitro fertilization injections, which led to behavior change; this
content comprised questions that she did not get answers to
from her provider but instead from other patients, including
how to advocate for herself with her provider:
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But in that group...especially once we started
IVF...peopl e share tips about how to make injections
less painful, how to get the right angle...I know it can
sound...ill-advised to get medical advice from people
who aren’'t doctors, but a lot of the advice is more
about how to advocate for yourself as a
patient...something that | have learned almost
exclusively through being in these groups.

P5 offered another example of learning to advocate for oneself:

| had to be put on progesterone and | had to advocate
for myself with my doctor...to put me on whatever
progesterone they could...to maintain this pregnancy,
which | carried to full term..That was, again,
something | learned from the women in those
groups...You definitely want to be your own advocate,
and self-advocate for yourself...

The above examples align with the concept of effects of
information by Kari [31], where the information participants
found in these internet-based spaces influenced their future
choices, including how to navigate advocacy with a physician.

Discussion

Principal Findings

Our findings highlighted the following three novel themes
associated with information behavior after pregnancy loss as
mediated through internet-based spaces: (1) needed information
type, (2) information-related concerns, and (3) information
outcomes. These findings are significant as a first step in
designing internet-based spaces to account for pregnancy loss
information behavior. We found that participants shrank the
knowledge gap regarding what to ask by learning what
information othersfound worth knowing. They bridged language
barriers by using information from internet-based spaces to
supplement suggestions from medical providers, and thebarriers
of social stigma, cultural taboo, and lack of social and economic
capital were to some extent offset by participants’ ability to
advocate for themselves, stemming from the confidence gained
from interactions in internet-based spaces.

We showed how internet-based information spaceshelp alleviate
some information gaps for individual s experiencing pregnancy
losses and supplement information gained in clinical encounters.
Nevertheless, digital health resources pose their own obstacles:
people need to be able to find the information, understand and
determine its credibility, and know how to useit. In addition,
primary barriers to heath care for women from stigmatized
groups include knowledge gaps such as not knowing where to
find information and what resources are available or what
information to ask for, and a lack of understanding between
patients and providers[79], which we also saw examples of in
the case of pregnancy loss.

Information Behavior, Health, Pregnancy, and
Pregnancy L osson the Internet

In our dedication to fully engage with information theories
beyond search and need, we outlined our analysisin connection
with the information use concepts by Kari [31]; however, our
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participants responses also related to other information models.
The Wilson [1] model remains relevant, as seen in participant
responses first in their expression of unmet information needs
(ie, information types), which led to information seeking on the
internet, and in their insight into how the environment in which
they sought information can influence their behavior (ie,
information-related concerns), and finally in how they used
information (ie, information outcomes). However, participants
often learned what questions they should ask related to
pregnancy loss in these internet-based spaces, which isaform
of information encountering [34]. The internet, as an
information-rich environment, is a source for both active
information seeking and information encountering, which can
occur through browsing or as a part of active seeking.

Pregnancy loss—related information seekers were similar to
other health information seekers[40,41] in sharing high regard
for information from medical professionals but needing
additional information aswell. Medical professionalsare unable
to meet certain personal needsthat only knowledge gained from
lived experiences can provide [80,81]. The main typesof health
information sought in prior literature in other health contexts
[32,33] dignwith our participants’ expressed need for evidence-
and experience-based information. Participants did not expect
peersto act as pseudo—medical professionals providing medical
expertise or interpreting medical advice but instead to offer
suggestions on topics such as how to improve communication
with clinicians or insight into experiences with arecommended
treatment or procedure [80,81]. We note that in contrast to the
documented lack of trust between individual s who are socially
marginalized or stigmatized and heath care providers
[12,14,15], participants expressed trust in medical professionals,
their concerns centered on not receiving enough information
on this particular topic and possibly not knowing how to broach
it with medical professionals. Nevertheless, this expression of
trust in medical professionals could be because of our sample
limitations as most participants were White and of higher
Socioeconomic status.

Even so, we extend the scholarship on pregnancy-related
information behavior. Participants expressed a desire for
information on pregnancy loss early on in the pregnancy to
prepare for the possibility of complications arising, which
resonates with earlier research demonstrating that individuals
with pregnancies begin their search for information at the outset
of the process [53]; however, research on information needs
after pregnancy loss suggests that most seek this information
after theloss, not before it [28]. Similar to prior research on the
information-seeking (not accounting for loss) [53,82] of
individuals with pregnancies, participants in our study showed
a propensity for changing behavior in response to the
information they discovered on internet-based spaces.
Participants al so demonstrated atendency to usethisinformation
to advocate for themselves in clinical encounters, which has
not been heavily reported on in expectant parents whose
pregnancies do not lead to aloss [54].

Some barriers for participants were similar to those faced by
other pregnancy-related information seekers. not having
instruction on or assistancein conveying information to apartner
and lacking targeted information for individual experiences
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[76]. Gold et al [61] were one of the first to examine support
seeking for pregnancy loss on theinternet; our findingsreiterate
theimportant rol e that internet-based support and resources can
play. Participantsin the study by Gold et al [61] al so expressed
a need for additional evidence-based information, feeling
validated in internet-based spaces, appreciating the ready
information access that internet-based spaces can provide, and
the value of seeing others move on after pregnancy loss or
related medical issues. However, Gold et a [61] focused on the
benefits of these internet-based spaces and did not address the
barriersto acquiring pregnancy loss—related information or their
associated outcomes. Our findings on others’ experiences and
medical providers as sources of information also resonate with
the study by Kresnye et a [28]. Although Kresnye et a [28]
explored challenges in accessing information, such aslocating
resources and self-blame, we identified other challenges with
respect to accessing, understanding, and applying information
related to the technical features required for effective search
and assessing information credibility.

We discuss internet-based health literacy concerns and
considerations for design in the following section.
Pregnancy-rel ated apps generally do not account for pregnancy
loss [17], including information behavior—related needs. We
suggest that future pregnancy-related and pregnancy loss—related
information spaces should address the needs and challenges
that we identify herein [28].

Designing for Assessability, Sear chability, and
Per sistence

Overview

Animportant aspect of theinternet-based health literacy process
is assessing data quality within an information environment to
determine its usefulness [83,84]. Our participants described
internet-based health literacy and data quality as concerns in
connection to credibility challenges when seeking information.

The themes we identified resonated with the need to design for
populations based on their specific information needs and
barriers to meeting those needs, as emphasized in current
scholarship on health information behavior in internet-based
spaces. Individuals who have experienced pregnancy loss have
information needs that, although specific to them, also share
the concerns over determining credibility with others [21,85].
Our themes also resonated with current HCI literature on the
needs of patients managing chronic disease in internet-based
health and support groups [80,81], including consideration of
the user as a whole, personal and clinical information, clear
organi zation and the ability to search archived information, and
safeguards against misinformation. The remainder of thissection
addresses these concerns.

Designing for Assessability

Our findings speak to the need to extend the assessable design
framework [86] to the internet-based health context. Designing
for assessability was first introduced by Forte et al [86], fusing
information literacy concepts in various disciplines toward
developing a framework for the assessable design of

participatory information sources (eg, Wikipedia, forums, and
support groups). The authors established two concepts critical
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for assessability by reviewing the information credibility
literature: (1) information provenance, concerned with
determining whereinformation comesfrom, and (2) information
stewardship, which refers to how an information space is
maintained [86]. Assessable designs should facilitate the
understanding of how the information in internet-based
participatory environments is produced, how an environment
is sustained, and how to contribute to the space [86]. In fact,
prior research investigating the processes individuals use to
determine credibility found that users are likely to refer to the
source; sources are deemed more credible if the poster is a
professional expert or an expert according to community status
or past engagement [87-89].

Applying the assessable design framework to our results,
internet-based spaces could provide users with affordances that
allow them to identify and assess information sources and
contributors and their credibility; for example, internet-based
groups may consider adding identity tags to content producers
that would enable others to assess their contributions. These
recommendations resonate with prior suggestions for formal
patient—provider internet-based spacesfor patientswith chronic
diseases [80,81]; our findings extend these design needs into
informal digital spacesand beyond chronic disease management
to individuals managing experiences such as pregnancy 10ss
that can be acute or chronic.

Participants expressed the need for information in two
categories: others' stories and experiences (experience-based)
and scientifically oriented information (evidence-based).
Individuals want to know that their information source is a
knowledgeable expert, whether because of training or lived
experience. Therefore, designing for the clear identification of
the source can assist users in determining the credibility and
usefulness of theinformation, as people are morelikely to adjust
their attitudes or behaviors in response to a message from
someone deemed an expert [89]. These design directions could
assist in users' effectiveness and confidence in doing what we
found they already try to do: advocate for themselves with
medical professionals.

Although identity attributes should be devel oped together with
relevant stakeholders in future work, examples could include
determining whether a person has relevant professional
expertise. Encouraging or enforcing the citation of sources for
the information shared in internet-based spaces as part of the
community guidelines is another consideration; individuals
could be prompted to add references to the content they share
S0 that others can assess those sources and the information’s
credibility.

Similar to Forte et a [86], internet-based spaces could also
provide users with aggregate information (eg, through simple
visualizations) that show what sources contributors draw from.
For example, one may go to a Facebook pregnancy loss group
and see that 70% of posts link to outside sources, and out of
those, 30% are academic peer-reviewed articles about pregnancy
loss. Thiswould likely provide the user with an assessment of
the group as a whole. We advocate for including assessability
in design considerations.
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Designing for Searchability and Persistence

Our analysis led to identifying searchability and persistence as
desired affordances for participants. For example, some
participants shared successful experiences with a Facebook
group’s search feature and less successful experiences with
some pregnancy-related apps and forums. The point hereis not
to compare platforms (which requires other methods and is an
areafor futurework) but to learn from participants’ experiences.
Our findings show that people experiencing pregnancy loss
need both evidence-based and experience-based information.
There is a wide range of adjacent medical conditions (eg,
polycystic ovary syndrome) that shape peopl€'sloss experiences,
finding information about those conditions was also important
to participants. Taken together, future designs could experiment
with featuresthat allow peopleto tag the content they contribute
as evidence-based or experience-based or with adjacent health
condition labels to streamline searching for others. Although
this needs further exploration, this design application would
likely be well-suited for an integrated patient—provider
application, as described in the study by Huh et a [81], where
peers can share and discuss content with one another and consult
amedical professiona as needed. A possible added benefit of
such a design could be the ability for the expert medical
professional to shareinsightswithout compromising peer-to-peer
sharing, which was an issue observed by Huh et a [81].

Such an approach could also be used to provide aggregate
information about what experiences and information types are
represented within an internet-based space (eg, 79%
experience-based). This design approach could be combined
with the approach suggested by Huh et a [81], which calls for
designing systems that can suggest prior threads relevant to a
user's post, or with the suggestion of Hartzler et al [80] for
profile features that detail topics a user typically discusses or
posts information about.

In summary, our findings show that when there is a dire need
for information, accessto relevant experiences and information
and the ability to assess the credibility of such information are
key. The first can be supported by designing for easy retrieval
and organized storage of older content through searchability
and persistence. The second could be supported by an assessable
design. That said, privacy considerations are crucia; for
example, if contributorswant their datato expire after acertain
point, they should be able to easily achieve that goal. Privacy
concerns are especialy important when designing for
information retrieval in the context of well-being in
internet-based communities, which are not regul ated at the same
level as formal, traditional health information (eg, electronic
health records). Altogether, we argue that designing for
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assessability, persistence, and searchability isneeded to achieve
dimensions of health literacy (ie, access, understand, appraise,
and apply) [84]. Without these aspects of design, individuals
areless equipped to find information, make informed decisions
about how the information could assist in maintaining their
health, and effectively communicate thisinformation to others.
Researchers and technologists could consider these
recommendations when  designing  pregnancy-related
internet-based spaces, which tend to grossly neglect pregnancy
loss [17], as well as spaces dedicated to pregnancy loss.
Accounting for pregnancy loss in designing internet-based
information spaces will help counter the stigma many endure
and make space for diverse pregnancy narratives.

Limitations

Thelarger context within which survivors experience pregnancy
loss shapes their experiences. Therefore, we focused primarily
on the United States to examine pregnancy |oss experiencesin
this study. We encourage researchers to explore similar topics
in other countries. We hoped to include a wide range of
experiences (eg, technology use and pregnancy history) and
demographics such as age, race, and income level to the extent
possible. We were not entirely successful in achieving diversity
on al these levels. Although our sample represents a range of
technology experience and pregnancy history, it was primarily
White, cisgender, heterosexual, married, educated, and urban
and had an income >US $75,000. Our sample's demographics
are alimitation; however, the findings advance our knowledge
about information behavior after pregnancy loss. In the future,
we hope to build on this work by reaching more diverse
populations, for example, by partnering with community
organizations serving marginalized groups and including
partnersor caretakers. Although an accepted recruitment practice
for engaging hard to reach populationsin research [68-70], the
social media recruitment strategy has its limitations (eg, not
everyone who would have been eligible saw our study call).

Our findings are not generalizable; however, they still hold
value and contribute to our knowledge about social technologies
rolesin information behavior after pregnancy loss. In addition,
rather than achieving validity through quantity, in-depth long
interview studies with small sample sizes support interpretive
claims achieved through the careful selection of participants
who share experiences related to research questions [90]. As
such, our findings are not intended to be generalizable; rather,
they are presented as generative points to provide a conceptual
vocabulary for describing information behavior processes.
Future work may use representative samples and surveys to
assess the prevalence of the identified themes in this paper.
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Abstract

Background: The coronavirus pandemic hasincreased reliance on the internet asatool for disseminating information; however,
information is useful only when it can be understood. Prior research has shown that web-based health information is not aways
easy to understand. It is not yet known whether the Korean-language COVID-19 information from the internet is easy for the
genera public to understand.

Objective: We aimed to evaluate the readability of Korean-language COVID-19 information intended for the general public
from the national COVID-19 portal of South Korea.

Methods: A total of 122 publicly available COVID-19 information documents written in Korean were obtained from the South
Korean national COVID-19 portal. We determined the level of readability (at or below ninth grade, 10th to 12th grade, college,
or professional) of each document using a readability tool for Korean-language text. We measured the reading time, character
count, word count, sentence count, and paragraph count for each document. We al so eval uated the characteristics of difficult-to-read
documents to modify the readability from difficult to easy.

Results: The median readability level was at a professional level; 90.2% (110/122) of the information was difficult to read. In
all 4 topics, few documents were easy to read (overview: 5/12, 41.7%; prevention: 6/97, 6.2%; test: 0/5, 0%; treatment: 1/8,
12.5%; P=.006), with amedian 11th-grade readability level for overview, a median professional readability level for prevention,
and median college readability levels for test and treatment. Difficult-to-read information had the following characteristics in
common: literacy style, medical jargon, and unnecessary detail.

Conclusions: Inall 4 topics, most of the Korean-language COVID-19 web-based information intended for the general public
provided by the national COVID-19 portal of South Korea was difficult to read; the median readability levels exceeded the
recommended ninth-grade level. Readability should be a key consideration in developing public health documents, which play
an important role in disease prevention and health promotion.

(IMIR Form Res 2022;6(3):€30085) doi:10.2196/30085

KEYWORDS

COVID-19; hedlth literacy; readability; public health; health equity; consumer health information; information dissemination;
health education; eHealth; online; social media; pandemic; infodemic

problem[1]. Many people have difficulty understanding written
information worldwide, including approximately 9.6 million

Digital health literacy is the ability to seek, find, understand, Koreans [2] and approximately 75 million Americans [3].
and appraise health information from electronic sources, and Therefore, providing health information without considering

the subsequent ability to apply the knowledgeto addressahealth

Introduction
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the population’sliteracy level does not guarantee people’s ability
to understand and apply the information [4].

Society should ensure that vulnerable individuals are not |eft
behind. Health literacy isasocial determinant of health—people
with lower literacy skills are less likely to access information
or health care services at the same level as those with higher
literacy skills[5]. Thismay contribute to poor health outcomes,
such as lower adherence to infection control and prevention
measures, ineffective use of health care, and high mortality rates
[5-7]. In this context, public health researchers and policy
makers have recently extended the concept of health literacy
from personal reading skills to organizational health literacy
[5,8,9]. The US Department of Health and Human Services
health strategy [10] emphasized that it is the responsibility of
health care organizations to design and deliver health care
services and information relating to health in an accessible and
understandable format. The South Korean government also
includes devel oping easy-to-read health information initsaction
plan to reduce health inequity [11]. These public health efforts
to achieve health equity will reduce therisk of increasing health
disparities within and between countries [10-13].

Readability refersto how easy atext isto read and understand,
and it is commonly measured by school grade level
(kindergarten to postgraduate school) [14]. Generally, atext is
considered easy to read when written bel ow the average reading
level of an adult [14]. Health care authorities have encouraged
enhancing the readability of health care information,
recommending that health information intended for the public
bewritten below asixth-grade reading level [15-17]. The South
Korean government did not establish a standard for the
readability of health information despite doing so for other
information documents, with the Easy-to-Understand L egidation
Project in 2006, which recommended that documents for the
general public bewritten at or below aninth-gradereading level
[18]. This standard was based on the average reading level of
Korean adultsand the 9 years of free compul sory education that
South Koreansreceive[19]. The ninth-grade level wasalso used
as astandard for sufficient literacy skills required for daily life
in the 2017 Second Korean Adult Literacy Survey conducted
by the Ministry of Education and the National Institute for
Continuing Education [2]; thus, similarly, this study considers
public health information adequately readable when written at
or below that of a ninth-grade reading level.

The COVID-19 pandemic has changed the way we
communicate, with more people relying on theinternet astheir
primary source of information [20]. COVID-19—el ated searches
have surged and been predominant in 2020 [21,22].
Consequently, web-based communication regarding the risks
of the virus has become increasingly important [23,24].
AccordingtoaUN report [ 25], governments have used websites
to provide accurate information for the public since the early
days of the COVID-19 pandemic. Although health care'sdigital
transformation has increased the accessibility of information
[26], many people may not understand the COVID-19
information shared by health care authorities. Prior research
[15,27-34] has shown that most available health information is
difficult for the general public to understand. For example, a
systematic review [15] of 157 cross-sectiona studies concluded

https://formative.jmir.org/2022/3/e30085
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that the US and Canada's web-based health information is
written above the average reading level of the population that
it aimsto inform. Patient information |eafletswritten in Korean
were also found to be written above the average reading level
of South Korean adults [27-30], and recently, studies [31-34]
have reported that web-based COVID-19 information (written
in English) is considered too difficult to understand by the
public. However, no studies have been conducted on
Korean-language web-based COV1D-19 information. We aimed
to address this literature gap by evaluating the readability of
Korean-language COVID-19 resources. We investigated three
research questions. (1) Is Korean-language COVID-19
information provided for the genera public on the national
COVID-19 portal of South Korea written at or below the
recommended ninth-grade level? (2) Does readability differ
acrosstopics? (3) What arethe characteristics of difficult-to-read
information, and how can we improve readability?

Methods

Search Strategy

Information posted between February 3, 2020 and February 10,
2021 was downloaded from the national COVID-19 portal of
South Korea [35] on February 10, 2021. Any subsidiary
webpages or subdirectories that had information accessible by
the public were also assessed using software (Sitechecker,
version February 2021; BoostaInc). All documentswereinitialy
screened by title and the main text was reviewed by 2 authors
(HM and GHL) independently, using inclusion and exclusion
criteria. Any discrepancies were resolved through discussion
with the third author (YJC). Information that contained (1)
COVID-19information intended for the general public, (2) was
written in Korean-language, and (3) provided by the South
Korean government was included. Information that was (1) in
other languages, (2) noneducational (such as press releases or
daily case updates), (3) not in awritten format (ie, videos and
images), or (4) intended for public heath and hedlth care
professionals was excluded. We aso excluded duplicate
documents.

Ethics

In this study, there were no human participants or assigned
interventions; therefore, we did not seek specific ethical approval
from an institution review board.

Topic Classification

Included documents were classified by topic—overview,
prevention, test, or treatment—by 2 of the authors (HM and
GHL) independently, and any disagreement was resolved via
discussion with the third author (Y JC). The overview category
included documents about COV ID-19 risk factors, transmission,
and the natural course of the disease. The prevention category
included documents discussing cleaning, disinfection, physical
distancing, personal protective equipment, and vaccination. The
test category included documents discussing indications,
screening and confirmation tests, or the interpretation of test
results. The treatment category included documents about
self-care and patient care.
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Text Preparation

Documents were formatted as raw text files using Notepad
(Microsoft Inc). Any text not directly related to public education
was deleted, such as date, author information, titles, figures,
tables, legends, references, and copyright information
[31,33,36].

Readability Assessment

We assessed text readability using a tool for Korean text
(Natmal, version 2019; Lexical data-processing research
institute) that determines the readability level based on sentence
length and word difficulty [37]. The Natmal database contains
500,000 words classified into 9 difficulty levels by grade [38].
The frequency of words used in the text is measured for each
grade and then weighted according to the number of wordslisted
inthe database [37]. We grouped text into 4 levels: professional,
college, 10th to 12th grade, and at or below ninth grade.
Difficult-to-read information was defined as information with
areadability level exceeding the ninth-grade level (professional,
college, 10th to 12th grade), and easy-to-read information was
defined as information with a readability level at or below the
ninth-grade level [2].

Enhancing Readability

We analyzed the characteristics of difficult-to-read information
to determine common characteristics. Out of the documentsthat
were written at a professional level, 3 documents, each

Figure 1. Data collection flowchart.

Moon et al

representing a characteristic, were selected after discussion
among the authors. To modify the readability level, we
addressed each problem characteristic. The readability of each
revised document was reassessed with the tool.

Statistical Analysis

All analyses were conducted with the R statistical software
(version 3.6.3; R Foundation for Statistical Computing). Results
were considered significant with P<.05. Shapiro-Wilk testswere
used to assess the data normality. The categorical variable
(readability level) was presented as frequency and percentage,
and continuous variables (reading time, character count, word
count, sentence count, and paragraph count) were presented as
median and interquartile range. Chi-sguare testsor Fisher exact
tests were used to calculate P values for categorical variables.
Kruskal-Wallis tests were used to calculate P values for
continuous variables.

Results

Readability of the Documents

A total of 122 educational documents were included in this
study (Figure 1). The median readability level was professional;
9.8% (12/122) of documents were classified as easy to read,
and 90.2% (110/122) were classified as difficult to read (Table
1).

Information documents from the South
Korean national COVID-19 portal (n=5,552)

Inclusion criteria:

1) Information provided by the South Korean government
2) In Korean

3) Targeted at the general public

Included documents (n=122)

Exclusion criteria:

1) In other languages (n=373)

2) Non-educational documents such as press releases or daily case
updates (n=3,149)

3) Non-written format such as videos and images (n=1,764)

4) Intended for public health and healthcare professionals (n=121)

5) Duplicates (n=23)

Table 1. Readability characteristics by level.

Characteristic All (n=122) Level P value
Professional 10th to 12th grade At or below ninth
(n=66) College (n=33) (n=11) grade (n=12)
Reading time (seconds), medi- 78.4 (43.0, 161.3) 129.4(57.2,191.6) 64.4(43.9,107.7) 38.9(33.4,93.9) 32.8(24.9,48.8) <001
an (IQR)
Character count, median (IQR)  1350.5 (703.0, 2003.0 (945.0, 1242.0 (739.0, 701.0 (620.5, 632.5 (475.5, <.001
2418.0) 2926.0) 1837.0) 1609.0) 878.0)
Word count, median (IQR) 264.5 (145.0, 436.5 (193.0, 217.0 (148.0, 131.0 (1125, 110.5(84.0,164.5) <.001
544.0) 646.0) 363.0) 316.5)
Sentence count, median (IQR) 31.5(18.0,60.0) 47.0(24.0,68.0) 26.0(14.0,36.0) 21.0(17.5,36.0)0 17.0(10.0,21.5) <.001
Paragraph count, median (IQR) 35.5(20.0,84.0)  755(35.0,121.0) 27.0(17.0,41.0) 23.0(195,33.00 135(9.5,17.0) <.001
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Readability Among the Documentsof Different Topics

Included documents did not evenly cover the 4 topics (Table
2), with most (97/122, 79.5%) covering the topic prevention.
For al topics, median readability was classified as difficult

Table 2. Readability among the documents of different topics.

Moon et al

(overview: 11th-grade level; prevention: professional level; test:
college level; treatment: college level), and there were few (all
cases: P=.006) easy-to-read documents (overview: 5/12, 41.7%;
prevention: 6/97, 6.2%; test: 0/5, 0%; treatment: 1/8, 12.5%).

Characteristic All (n=122) Topic P value
Overview (n=12) Prevention (n=97)  Test (n=5) Treatment (n=8)

Readability level, Professional 11th grade Professiona College College _a
median
Readability level, n .006
(%)

Professional 66 (54.1) 3(25.0) 59 (60.8) 2(40.0) 2(25.0)

College 33(27.0) 3(25.0) 23(23.7) 3(60.0) 4 (50.0)

10th to 12th 11 (9.0 1(8.3) 9(9.3) 0(0.0) 1(12.5)

grade

At or below 12(9.8) 5(41.7) 6(6.2) 0(0.0) 1(12.5)

ninth grade
Reading time (sec-  78.4 (43.0, 161.3) 35.4(27.4,57.4) 97.6 (49.8, 170.5) 56.9 (32.0, 64.4) 42.1(29.9,93.8) <.001
onds), median (IQR)
Character count, 1350.5 (703.0, 663.0 (565.5, 1559.0 (830.0, 1049.0 (609.0, 763.5 (571.5, .01
median (IQR) 2418.0) 1176.0) 2544.0) 1331.0) 1556.5)
Word count, median 264.5(145.0,544.0) 119.5(92.5,193.5) 329.0(168.0,575.0) 192.0(108.0,217.0) 142.0(101.0,316.5) <.001
(IQR)
Sentence count, me- 31.5 (18.0, 60.0) 16.0 (10.0, 27.0) 37.0(20.0, 63.0) 19.0 (11.0, 29.0) 15.0(11.0, 29.0) <.001
dian (IQR)
Paragraph count, 35.5(20.0, 84.0) 14.0 (10.5, 30.0) 44.0 (23.0, 97.0) 26.0(16.0, 31.0) 18.5(11.5, 36.5) <.001
median (IQR)

T his comparison was not made.

Enhancing Readability

Difficult-to-read information had 3 characteristicsin common.
They were written in literacy style, with medical jargon, and
with unnecessary detail (Table 3).

Document A was the answer to the question, “Will | catch
COVID-19if | travel on abus or subway train previously used
by aconfirmed patient?’ It waswritten in literacy style, making
it difficult to read. It was changed from literacy style to
colloquial to improve its readability.

Document B was the answer to the question, “What are the
symptoms of COVID-19?" The original version described the
symptoms at length, making it difficult to identify important

https://formative.jmir.org/2022/3/e30085
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information. To make the document easier to understand, we
included only typical symptoms for each organ rather than all
possible symptoms. The medical jargon used in document B
was replaced with common words to improve its readability.
Medical terms, such as dyspnea, hemoptysis, emesis, anosmia,
and ageusia, were replaced with commonly used words, such
as shortness of breath, coughing up blood, vomiting, and loss
of smell or taste.

Document C was the answer to the question, “How is the test
for COVID-19 done?’ Theoriginal version used medical jargon
and included excessive detail in the explanation. To improve
its readability, the content was summarized, and the
unnecessarily detailed information included in document C was
replaced with information tailored to the general public.
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Table 3. Origina text [35] and text with revisions to enhance readability.
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Document

Origina version

Suggested revision

A, literacy style

B, medical jargon

C, unnecessary detall

When riding on public transportation such as buses or sub-
ways, if you touch ahandle that has been contaminated by the
coronavirus, you could becomeinfected with the virus through
your eyes, nose, and mouth. However, proper wearing of a
mask and hand sanitization can lower the risk of COVID-19
infection.

Symptoms such as afever of 37.5 °C or higher, cough, dysp-
nea, chills, muscle pain, headache, sore throat, anosmia,
ageusia, pneumonia, fatigue, decreased appetite, phlegm,
confusion, dizziness, and a runny or stuffy nose can indicate
COVID-19. Hemoptysis, chest pain, conjunctivitis, skin
symptoms, or digestive system symptoms such as nausea,
emesis, and diarrhea may also indicate COVID-19.

Samples are collected by physicians, nurses, and medical
technicians at designated locations. Upper respiratory tract
sampling is mandatory, whilelower respiratory tract sampling
is optional for patients with sputum. You may experience
discomfort or pain while the sample is being collected. The
upper respiratory tract sample isacombination of a nasopha-
ryngeal and oropharyngeal swab in onetube. A nasopharyngeal
swab involves inserting a cotton swab into the nostril until it
reaches the posterior nares. An oropharyngeal swab includes
inserting a cotton swab to scrape the inside of the throat. A
lower respiratory tract sampleis collected by spitting sputum
into a container, ensuring that it is not contaminated by other

You can catch the virus through your eyes, nose, or mouth
after touching a handle that has the virus on it. However, if
you wear amask and wash your hands, you can lower your
chances of contracting COVID-19.

Fever and cough are common. Having COVID-19 can make
you feel cold and tired, and you may have difficulty in
breathing. You may lose your appetite and have a sore throat,
body aches, nausea, or diarrhea. You may not have any sense
of smell or taste. Some people may not have any symptoms
and feel normal, but they can till spread the virus.

You can get tested at screening centers or drive-through facil-
ities. Thereisaswab and a spit test. In the swab test, a doctor
or nurse inserts a cotton swab into your nose or throat. You
may feel some discomfort. For the spit test, you are asked to
spit thick mucus from your throat into atube. You will receive
your test results through text message.

liquids.

Discussion

Principal Resultsand Study Strengths

This study showsthat 90.2% of theinformation availableto the
public was difficult to read. Of the documents discussing the
prevention of COVID-19, only 6.2% (6/97) could be rated as
easy to read. This is noteworthy as it shows that very few
documents would effectively be able to spread prevention
knowledge to the general population. To encourage people to
adopt personal protective measures, such aswearing masksand
washing hands during the pandemic, the government should
prioritize making information on prevention easier to
understand. Moreover, easy-to-read documents that were
available did not cover al relevant topics equally, such as
overview (n=5), prevention (n=6), test (n=0), and treatment
(n=1). To make sure that those with lower literacy skills have
access to information on public health and safety topics at the
same level as people with higher literacy skills.

To the best of our knowledge, thisis the first study to evaluate
the readability of web-based COVID-19 information writtenin
Korean. Korean isthe 20th most spoken language globally, with
approximately 82 million speakers[39]. Moreover, South Korea
hasalarge population of older individuals; in 2020, adults aged
65 years and older accounted for 15.7% of the population [40],
and it is estimated that South Korea will become a super-aged
society in 2025, when the proportion of older adultsis expected
to reach 20.3% [40]. The proportion is likely to increase to
43.9% by 2060 [40]. Older adults are an important target group
when assembling easy-to-understand COVID-19 information
because they are at high risk for developing serious
complications from COVID-19 [41]. In addition, many older
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adults have low literacy skills [42]. For example, 71% of
Americansolder than 60 yearswere reported to have difficulties
understanding written information [3]. Nearly one-third
(31.27%) of Korean adults aged 55 to 65 years could read the
words but could not understand sentences or long texts [19].
Older adults with lower literacy skills are more likely to be
marginalized by the government’s health care or welfare system
because they cannot follow instructions for filling out forms.

The documents used in this study, from the national COVID-19
portal run by the government, which is an integrated
communication channel that compiles al the COVID-19
information created by various government agencies [35], are
likely an accurate reflection of the information currently
accessible to the public. The Korean government’s message
was amplified through social media platforms (such as Twitter
and Facebook) and traditional media (TV and newspapers), thus
reaching every corner of the country [43].

Advantages and Disadvantages of the National
COVID-19 Portal of South Korea for Distributing
I nformation

The national COVID-19 portal of South Korea has severa
advantages for disseminating information. First, the website is
highly accessible; it appears at the top of thefirst search results
page when searching for COVID-19 on 3 major local search
platforms: Naver, which has a 68.9% search engine market share
in South Korea; Google, which has a 21.4% market share; and
Daum, which has a 7.5% market share [44]. This nationa
COVID-19 portal ranked first in web traffic among South
Korean government websites[45], and the website ranked 10th
inglobal rankingsfor health conditions and concerns[46]. Most
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health information seekers begin their search activities with
search engines [47]; therefore, it is highly likely that Koreans
who searched for COVID-19 information on theinternet visited
the national COVID-19 portal of South Korea. Furthermore,
theinformation on the national COVID-19 portal are convenient
for users because they can access any page without logging in,
the documents can be downloaded in various formats, and
anyone may freely use these documents for public purposes
without any copyright restrictions.

Although the national South Korean COVID-19 portal may
serve as a key communication platform between health care
authorities and the public, it does not have a user-friendly
interface. Theweb pages of the portal are not divided according
to thetarget audience. Asaresult, medical professionalsvisiting
this website may waste time reading superficial information,
and users who are not medical experts may be overwhelmed
with unnecessarily detailed explanations. By separating the
pages or sections according to audience type (heath care
workers, the general public, people with low literacy skills),
users may then have a more convenient way to access
user-friendly information.

Readability of Web-Based COVID-19 Information
Generated by Other Public Health Agencies

The websites of the US Centers for Disease Control and
Prevention and the National Health Service England have
distinct sectionsfor health care workers, the general public, and
peoplewith low literacy skills[48-51]. Theweb pagefor health
care professionals provides COVID-19 training, such asclinical
guides for managing cancer patients and patients requiring
endoscopy during the COVID-19 pandemic [50]. Their
easy-to-read sections provide information on COVID-19 basics,
such as advice surrounding staying at home, COVID-19 vaccine
during pregnancy, and what to expect after receiving a
COVID-19 vaccine [51].

However, recent studies[34,52,53] have shown that some public
health agencies have also failed to provide information in an
easy-to-read form. Valizadeh-Haghi et a [52] examined the
readability of English-language COVID-19 information based
on website categories (ie, news, governmental, commercial,
organization, educational) and concluded that that the readability
levels in all categories exceeded the recommended level and
that commercia websites had better readability than
governmental websites. Mishra et a [34] reported that the
readability of English-language COVID-19 information on 18
government and international public health agency websitesdid
not meet the recommended readability level. Halboub et al [53]
investigated 36 Arabic-language websites on COVID-19 and
reported that 66.7% of the included websites were easy for the
general public to read. Kruse et a [33] conducted a study of
COVID-19 information provided by 8 US academic medical
centers and reported that 0.7% of information was written at or
below the sixth-grade level.

Comparison With Literature on Readability of
Outbreak-Related I nformation

Reading outbreak-related information poses extra challenges
to a layperson because of the use of medical jargon [54-56].
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Unfamiliar terms, such as waterborne, vertical, zoonotic
infection, herd immunity, incubation period, cohort isolation,
outbreak, epidemic, and pandemic, are frequently used. Previous
studies [57,58] have shown that information on infectious
diseases had poor readability; for example, Ebolavirus—+elated
information provided by public health agencies was written at
readability levels higher than recommended [57], and Basch et
al [58] reported that 93% of web-based Zika virus—related
information was difficult to read.

Moreover, understanding COVID-19 information is more
challenging because of the use of new words and phrases, such
as social distancing, un-tact (noncontact), new normal, and
covideo party. COVID-19 search results are aso difficult for
the public to understand—only 17.2% of COVID-19—elated
web pages were at areadable level [32], and Google-searched
information regarding COVID-19 (0/150 articles) did not meet
recommended readability levels.

Recent readability studies on English texts have been conducted
on various types of texts on specific topics such as those used
with vaccine clinical trials, privacy policies, and tests. For
example, Emanuel and Boyle [59] reported that informed
consent texts for COVID-19 vaccine trials were long and
difficult to read. Zhang et al [60] reported that explanations of
privacy policies of COVID-19 contact-tracing appswerewritten
at readability levels higher than those recommended. Garcia et
al [61] investigated the readability of web-based information
on COVID-19 testing and reported that only 6 of 50 websites
had appropriate readability.

Interestingly, Mishra et al [34] included information written in
English posted on the South Korean government website and
reported that it waswritten above the 11th-gradelevel; however,
these results may not truly represent COVID-19 information
commonly shared by Koreans, as South Korea is not an
English-speaking country. Korean is the only official language
of South Korea; paperwork and internet activitiesin thisregion
aremainly in Korean. Therefore, information in Korean, rather
than information in English, should be analyzed to yield results
that represent COVID-19 information commonly shared by
Korean.

Implications for Practice

To improve the readability of COVID-19 information aimed at
the genera public, we urge the South Korean government to
introduce the following measures. First, the national COVID-19
portal should be organized according to audiencetype (ie, health
care workers, the general public, and those with alow level of
education) to optimize the user experience of each type of
audience. Second, guidelines on how to draft easy-to-understand
health information for Korean speakers should be devel oped
using plain-writing guidelines that include the principles and
skills for easy-to-read writing—the target audience should be
identified, important points should be prioritized, information
should be provided step by step, foreign words should be
reduced, short sentences should be used, important topics should
be summarized at the end [62],and synonyms should be used
to replace medical jargon with everyday words [63,64].
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Limitations

Our study has severa limitations. First, the results might be
biased since only one tool was used to assess readability.
Second, our results are representative only of the search time
frame. Numerous COV I D-19 studies have been conducted, and
web-based information related toit is constantly changing [65].
Third, there is no verifiable information regarding who has
accessed or read what information in the study because
collecting or using any persona information was not allowed.
Fourth, we only used the readability tool and did not test any
information with actual reader. Fifth, we only analyzed text and
did not consider other factors that could affect readers
understanding, such as layout, figures, or videos.

Future Directions

Future research should investigate the impact of nontext
elements (ie, figures, infographics, videos) on information
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comprehension. In regions where two or more languages are
spoken, it is aso necessary to assess the readability of
COVID-19 information in other languages. and differencesin
readability between languages should be assessed.

Conclusions

Readability levels of COVID-19 web-based information
provided by the national COVID-19 portal of South Korea
exceeded the recommended ninth-grade level. Effortsare needed
to provide easy-to-read information to reach more people during
a public health crisis. We hope that this study serves as a call
to action for health care authorities to devel op better guidelines
that encourage an easy-to-read format so that information is
provided at alevel that most readers can understand and apply.
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Abstract

Background: Anxiety and mood problems in adolescents often go unnoticed and may therefore remain untreated. Identifying
and preventing the devel opment of emotional problems requires monitoring and effective toolsto strengthen adol escents resilience,
for example, by enhancing coping skills.

Objective: This study describes the developmental process, feasibility, and acceptance of Grow It!, a multiplayer serious game
app for adol escents aged 12-25 years. The app consists of the experience sampling method (ESM) to monitor thoughts, behaviors,
and emotionsin daily life to enhance self-insight and daily cognitive behavioral therapy—based challenges to promote adaptive
coping.

Methods: Our approach entails an iterative game design process combined with an agile method to develop the smartphone
app. The incorporated game features (ie, challenges, chat functionality, and visua representation) in the Grow It! app were
co-designed with adolescent end users to increase participant engagement and adherence.

Results:. The Grow It! app was delivered for Android and iOS in May 2020. Grow It! was offered to adolescents during the
COVID-19 crisis between May and December 2020. Participants of the Grow It! COVID-19 study (sample 1. N=685; mean age
16.19, SD 3.11 years; 193/685, 28.2% boys, sample 2: N=1035; mean age 18.78, SD 3.51 years; 193/1035, 18.64% boys) completed
31.5% (13.2/42) to 49.5% (10.4/21) of challenges. Compliance of ESM was suboptimal (35.1/210, 16.7% to 32.5/105, 30.9%).
Follow-up questionnaires indicated an overall score of the app of 7.1 out of 10. Moreover, 72.6% (278/383) to 75.6% (487/644)
would recommend the app to friends.

Conclusions: To our knowledge, Grow It! isthe first gamified ESM app that both measuresindividual differencesin emotional
dynamics and offers an integrated cognitive behavioral therapy—based intervention. Our findings support the feasibility and
acceptance, and therefore applicability, of the Grow It! app in adolescents. Further iterations of this serious game app will focus
on the increase of compliance and on providing participants feedback through their personal mood profiles.

(IMIR Form Res 2022;6(3):€29832) doi:10.2196/29832

KEYWORDS

ecological momentary assessment; EMA; serious game; CBT; depression; internalizing problems; adolescents; high risk; digital
health; mobile health; mHealth; game design; app devel opment; mobile phone
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Introduction

Background

Internalizing problems, such as anxiety and mood problems,
have a substantial impact on young people’s lives. These
internalizing problems are often associated with school dropout,
reduced socia functioning, loneliness, unemployment, and
reduced quality of life[1-3]. Anxiety and mood disordersusually
begin in adolescence [4,5], and unfortunately, they often go
unnoticed or untreated [6]. When persistent, internalizing
problems often result in emerging psychiatric disorders affecting
young people’s daily lives, their future, and society [1-3,6].
Therefore, early identification and timely intervention are crucia
to prevent further deterioration, improve prognosis, and reduce
the burden on health care systems and society in general [1,7,8].

Mobile health (mHealth) can play an important rolein accurate
recognition of symptomsand timely treatment [9-11]. mHealth
is defined as wireless technologies, such as smartphone apps,
to support or achieve hedth objectives. In terms of its
advantages, first of all, mHealth is scalable, accessible, and
maybe less stigmatizing than traditional treatment for youths
because of thelevel of anonymity and privacy [12]. Furthermore,
mHealth offers the possibility of incorporating motivational
elements such as playfulness and gamification, which is
advantageous because humans supposedly learn best by playing
[13-17]. Finally, mHealth offered in an attractive and fun way
through adolescents' own devicesfitsvery well with their daily
life and activities [18,19]. Use is flexible, asit is independent
of time and place and can be at a self-determined pace, which
is thought to enhance sef-efficacy [12]. Indeed, most
adolescents indicated that they would use an app to screen for
emotional problemsand treatment if available [20]. Even though
there are already several mHealth apps[21], preventive mHealth
apps that integrate novel methods for early identification and
preventive intervention are still lacking.

A promising method for the early identification of emotional

problemsis the experience sampling method (ESM). The ESM

isastructured diary method in which participants obtain multiple
random notifications on their phone during the day. When a
notification pops up, they fill out amicroquestionnairein which
they report on their behaviors, thoughts, and feelings in real

time (eg, how are you doing right now?). The strength of the
ESM is the high ecological validity. Moment-to-moment
assessmentsin real-world settings address the problem of recall

bias [22,23]. The promise of ESM data for early identification
of adolescents at risk for the development of psychopathology
has been demonstrated in aresearch setting with adults[24] and
adolescents[25]. Moreover, self-management may be enhanced
by obtaining insightsinto everyday functioning dynamics, based
on ESM data[22,26,27].

https://formative.jmir.org/2022/3/e29832
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Thefirst choice of treatment of anxiety and mood problemsin
adolescents is psychological therapy, especially cognitive
behavioral therapy (CBT) [28-30]. It is known that the way
adolescents cope with stress or handle negative emotions in
daily life may increase or buffer against the development of
anxiety and depressive symptoms [31-33]. That iswhy CBT is
one of the effective interventions aimed at improving coping.
Recently, results of an internet-based CBT intervention revealed
that positive effects occur already after 4 weeks of CBT [34].
CBT is mostly used in clinical practice but increasingly also
applied for preventive purposes [28,29].

Therefore, we cocreated the Grow It! app (Android and i0S)
for adolescents aged 12 to 25 years. Grow It! is a multiplayer
serious game, a game that is designed for a primary purpose
other than entertainment [30]. Incorporated in the Grow It! app
are ESM, to enhance self-management and identify mood
problems earlier on, and gamified CBT-based challenges, to
increase coping. Initially, the app was developed for high-risk
adol escent popul ations, such as adolescentswith chronic somatic
conditions, offspring of parents with psychiatric disorders, or
adolescents  experiencing extreme  stressful  societal
circumstances, for example, the COVID-19 pandemic. However,
the app may also serve a broader purpose of prevention for
adolescents from a general population.

Objectives

Thefirst aim of this study isto give an elaborate description of
the devel opmental process of the multiplayer serious game app
Grow It! Second, we aim to study the feasibility and acceptance
of Grow It! among end users.

Methods

Developmental Process

Overview

The Grow It! app was developed, with intermittent periods,
from March 2016 to February 2020 (Figure 1). During its
development, we cocreated the app with alarge multidisciplinary
team of child and adolescent psychiatrists, developmental and
clinical psychologists, data analysts, game designers, and
multipletest panels (adol escents aged 12-25 years) [35,36]. The
initial concept was devel oped with University of the Arts Utrecht
(test 1a-1b). With IJsfontein BV and consultancy company
Game Architect Studio, an agile process (defined as a software
development methodology including iterative development,
where requirements and solutions evolve in multidisciplinary
teams [37]) then was used to devel op and evaluate the minimal
viable product (MVP, test 2a-2€). For all tests, informed consent
was obtained.
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Figure 1. The developmental process of the Grow It! app. ESM: experience sampling method; VAS: visua analog scale.
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I nitial Concept

In March 2016, the devel opmental process of Grow It! started
with a prepilot (test 1a, N=10), which resulted in a paper-based
prototype and wireframes. Later on, in the pilot (test 1b),
adol escents from the general population (N=21) tested the app’s
beta version during a 6-week trial. Weeks 1 and 6 of the test
consisted of an ESM-only study with 8 mood assessments per
day. During weeks 2 to 5, the mood assessments were given
twice a day and combined with CBT-based challenges. In al
weeks, users received feedback through push messages
complimenting them. Lessons learned were that adolescents
were motivated by the game mechanics of Grow It! and liked
completing the ESM questionnaires and daily challenges.

Minimal Viable Product

In June 2019, an MV P was built. Weaimed to improvethe app's
content, visual design, interaction design, and reliability of
assessments and ran a technical test. The app was developed
using agile development and user-centered design methods,
including different tests and collaboration with focus groups.
Different groups of adolescents (n=6 and n=9) received
instructions and were invited to design CBT-based challenges
aiming at adaptive coping [36]. Thereafter, all ideas were
formulated into specific challenges and were rated in terms of
their clinical appropriateness and coping effectiveness by 11
child and youth psychologists and psychiatrists. As aresult of
these focus groups (test 2a), 126 challenges were formulated,
which were later used as the challenges in the Grow It! app.
Furthermore, asurvey among 107 adolescents (test 2b) resulted
inthe choicefor avisual design that (1) was accepted by abroad
range of ages and by both boys and girls and (2) was low cost
in maintenance. In interviews (N=4, test 2c) with regard to the
navigation of the app, specia attention was given to the
answer-scale development (Likert and visual analog scale) to
increase the assessments' reliability. In empirical studies on
ESM data [22], visua analog scales had demonstrated the
anchor-influenced results, and therefore, different approaches
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were tested (eg, add acursor above the anchor line). Interviews
with adolescents indicated that Likert scales are more intuitive
if they run from highto low on the screen instead of low to high.
In December 2019 and February 2020, user experience tests of
the Grow It! app wererun (test 2d). Adolescents (N=23) played
the Grow It! app for 1 week. On the basis of interviews, we
improved and extended the content of the app by (1) adding a
limited chat function with predesigned stickersto motivate team
members, (2) allowing usersto choose from 3 challenges a day
for 6 weeks, and (3) adding a tour in which game mechanics
are explained. Finally, a handbook for errors arose from our
technical test and quality assessment, which was performed by
the research team (N=10, test 2e).

Feasibility and Acceptance Test

In May 2020 and in December 2020, at the first 2 peaks of the
COVID-19 pandemic, the Grow It! app was launched to assess
the game mechanics and user acceptance of the MVP. Owing
to government restrictions, all adolescents had to follow social
distancing measures (eg, staying at home because schoolswere
closed). Through (socia) media, the app was made available to
Dutch-speaking adolescents living in the Netherlands, aged
12-25 years, who owned a smartphone. Participants were
consecutively enrolled in a Grow It! team after completion of
the baseline questionnaire that was linked to the web-based
informed consent procedure on a secure website. This way,
participants started with the app as soon as possible.

In total, 685 adolescents (sample 1: mean age 16.19, SD 3.11
years, 193/685, 28.2% boys) played the Grow It! app for 6
weeks, and in the second sample, another 1035 adolescents
(sample 2: mean age 18.78, SD 3.51 years; 193/1035, 18.64%
boys) played the Grow It! app for 3 weeks. A follow-up
guestionnaire was filled out by 383 and 644 adolescents for
samples 1 and 2, respectively (see Table 1 for demographics).
Inthe Grow It! app, participantswere given 5 ESM notifications
per day and daily challenges. Users who did not show activity
inthe app (0 or 1 activity in ESM or challenges) were excluded
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from the sample, because to evaluate the user experience of the
Grow It! app we were interested in participants who were
involved in playing the app.

A complete overview of al (ESM) instruments and
guestionnairesis provided in our internet-based codebook [38].

Table 1. Sample characteristics and demographics.

Dietvorst et al

The outcomes of our feasibility and acceptance test can befound
inthe Results section. Statistical analyses are descriptive (means,
SDs, and freguencies) and performed using SPSS (version 25;
IBM Corp) [39].

Sample 1
App engagement (Grow It!

Follow-up questionnaire

Sample 2

App engagement (Grow It!  Follow-up questionnaire

activity; N=685) (n=383; 55.9% retention) activity; N=1035) (n=644; 62.2% retention)

Age (years), mean (SD)  16.19 (3.11) 16.26 (3.07) 18.78 (3.51) 18.48 (3.43)
Gender, n (% boys) 193 (28.2) 100 (26) 193 (18.6) 120 (18.7)
Education level®, n (%)

Primary school 30 (4.4) 9(2.3) 9(0.9) 6 (1)

Low 104 (15.2) 54 (14.1) 167 (16.1) 98 (15.2)

Medium 152 (22.1) 92 (24.1) 337(32.6) 201 (31.2)

High 399 (58.2) 228 (59.5) 438 (42.3) 293 (45.5)

Other N/AP N/A 84 (8.1) 46 (7.1)
Cultural identity, n (%)

Dutch 622 (90.8) 348 (90.7) 1013 (97.9) 631 (98.1)

Mixed 57 (8.3) 4(1.1) 17 (1.6) 11(1.7)

Other 6(0.9) 31(8.1) 5(0.6) 2(0.3)

8_ow: (preparatory school for) technical and vocational training; medium: (preparatory school for) professional education; and high: (preparatory school

for) university.
BNI/A: not applicable.

End Product of Developmental Process. The Grow It!
App

User Journey

The user journey first entails a phase of enrollment, during
which participants can personalizetheir account. After receiving
a6-digit code (letters and numbers) from the research team via
SMSS text messaging, they log in to Grow It! and choose their
nickname based on 2 turntables. The first turntable shows an

https://formative.jmir.org/2022/3/e29832

adjective (eg, Adorable, Dangerous, Lucky, Creative, and
Romantic), and the second turntable shows an animal name (eg,
Alpaca, Snake, Iguana, Rabbit, and Crocodil€). Participants can
rotate the turntables as often as they want to personalize their
nickname. For example, one participant nickname could be
Lucky Rabbit or Adorable Alpaca (Figure 2). The game
mechanics (ie, personalization, collaboration, competition, and
feedback) are explained in the mandatory tour of the Grow It!
app.
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Figure2. Nickname.

PROFILE

You will remain anonymous
throughout the game, but you can
create a nickname!

PRICKLY DRAGON
P bpizzy CHICKEN <
LUCKY LAMA

DIZZY CHICKEN

Collaboration Adolescents are alocated to a team by the researchers. To
support team members, participants can chat by sending and
As adolescents are sensitive to peer influence and can be receiving positive stickers (Figure 3). Via this chat system,
motivated by interactions with peers [40-42], each participant  participants can motivate each other, while the system minimizes
collaborates anonymously in ateam with 3 to 7 other players.  the possibilities of bullying and negative peer pressure.

Figure 3. Chat function with positive stickers.
< CHAT
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Competition

Competition is encouraged at the team level, where teams play
versus each other. Each team has avirtua tree with aname (eg,
Oaks, Pines, and Palms), which allows participants to compare
their team performance with that of other teams (Figure 4). At
the start of the game, the tree is empty. Teams grow their tree
when participants receive points by reporting their feelings and
behaviors (ESM) and doing daily challenges. These reportsare
personal and shielded. Team members only see the amount of
points their teammates have collected. After ateam collects a
specified amount of points, they achieve a spurt (ie, level-up),
which means that the tree grows in height, and every team
member receives a gift to embellish the tree (Figures 5 and 6).
Asgame mechanics, these provide apositive feedback loop and
a progress update and establish the reward scheme or the

Figure 4. Comparing own tree with trees of other teams.

Dietvorst et al

behavioral conditioning that increases retention. Upon earning
agift (ie, loot box) from a growth spurt, a participant can then
select his or her choice from 3 gifts. The gifts are wrapped so
that thereisno indication of what isinside. Asagame mechanic,
selecting a random gift creates surprise and moments of
anticipation essential to maintaining a state of play [43]. When
teams have just started using the app, it does not take many
points to achieve the first spurt and earn a gift. As the game
progresses, however, and teams move to higher levels, more
and more points are needed to earn a spurt and gifts. In this
way, adolescents are stimulated to keep playing and remain
engaged with the app. The difficulty level is scaffolded by
incrementally increasing difficulty, which supports retention
by continuously challenging the participants as they progress
through the game.

I
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Figure5. Receiving agift.
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Do you want to receive this prize or do you

prefer other prizes?

You may choose 3 times.

Figure 6. Tree decorated with gifts.

Feedback

The game mechanics of Grow It! provide feedback at different
levels. Whereas users can see their own and their team members
scores in the score overview screen (Figure 7), on their profile
page, they obtain an overview of how many timesthey reported
their feelings, behaviors, and challenges that day (Figure 8).
Finaly, the Grow It! app has acontact button in case of technica
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issues or urgent psychological problems. Whenever aparticipant
pushesthe contact button, a phone number isdisplayed through
which the research team can be reached by tel ephone or texting
on working days during office hours. On the study website,
information can be found on how to reach help in acute
situations or outside working hours, referring to professional
and free services.
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Figure 7. Overview of earned points.
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Figure 8. Profile page with the number of completed questionnaires.

PROFILE
LEGENDARY LAMA

TODAY

Completed 1 of 2 questionnaires

Challenge: done

FR1/11

Completed 1 of 3 questionnaires

Challenge: done

TH 31/10

Completed all questionnaires

WE 30/10

Completed 6 of 7 questionnaires

Q o

Q Q

Daily Emations

The ESM is an integra part of the app, which can be used for
early identification of emotional problems and enhancing
self-management in adolescents [22]. To prompt adolescents
to report on their feelings, they receive several notifications per
day, which are randomized to prevent structural answering
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patterns (eg, always in math class at 11 AM) [22]. In the first
studies, adolescents answered 5 microguestionnaires per day
(taking approximately 1-2 minutes) regarding their sleep,
activity, affective well-being (eg, | feel happy or sad), coping
strategies, pain, fatigue, social behavior, loneliness, stress, and
coping (Figure 9).
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Figure9. Examples of daily experience sampling method questions.

Dietvorst et d

Right now | feel With who are you? Where are
you now?
relaxed
® Parents
Very Friends Home
@® Peers At work
L Unknown adults At school
Moderately | am alone ® Somewhere else
Other

Our ESM approach's novelty is that it is gamified to increase
motivation, which intendsto result in ahigher rate of compliance
(percentage completed self-evaluations) as well as improved
data quality [15]. Compliance is one of the critical quality
markersfor ESM studies [22].

Daily Challenges

To teach adol escents how to cope with setbacks and to promote
emotional resilience, the Grow It! app contains daily challenges
aimed at strengthening adaptive coping, supporting physical
activation, and preventing emotional problems. Coping styles
incorporated in the challenges promote distraction, problem
solving, social support, and acceptance [44,45]. Participants

Figure 10. Daily challenges.

Pick a challenge!

can choose 1 out of 3 challenges per day (Figure 10). Challenges
aredivided into three categories: photo challenges, quizzes, and
assignments. Examples of challenges are as follows: make a
picture of something you hold dear (photo challenge; aimed at
distraction), ask someone what they like about you and write it
down (assignment; aimed at social support), or answer a
multiple-choice question such as What is sushi usually rolled
in? (quiz; aimed at problem solving). An additional randomly
available assignment isthe photo check. Participants are shown
a matrix of 9 photos and assess which photos fit a particular
theme. In thisway, they act as the photo challenge jury and can
award points to participants and earn extra points themselves
for thistask.

BAKE A CAKE

WHO ARE YOU

Earn extra points?
Do the photo check!

&

PHOTO CHECK

Q o aaQ
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Ethical Considerationsand Privacy

Risks related to privacy were mitigated by making all
participants pseudonymous and only identifiable in the app by
participation codes and pseudonyms. Participants determine
their pseudonym (ie, nickname) from a presel ected set of words
provided by the app. Participants cannot be identified, and only
the research team has insight into the private data of the
participants. Data collected with the app pertain to the user's
game data (eg, game-specific actions) and responsesto the ESM.
The app aso accesses the mobile device's camera, but only
when a participant takes a photo for a challenge (not at other
times), and the app does not access other functionalities (eg,
Google, GPS, or health apps). All user data are encrypted and
sent directly to a secure server at the researcher’singtitute. The
privacy and security of the Grow It! app is approved by the
privacy and security office of Erasmus Medical Center, and the
app complieswith the Dutch Genera Data Protection Regulation
(Algemene Verordening Gegevensbescherming) and NEN-norm
7510:2017 (Dutch standard of information security management
systems in health care). The app is available for research
purposes in the Google Play store [46] and Apple store [47].
This study has been approved by the Medical Ethics Committee
of the Erasmus Medical Center (MEC-2020-0287).

Results

Overview

As shown in Table 1, participants of sample 1 (N=685; mean
age 16.2, SD 3.1 years) were somewhat younger than
adolescentsin sample 2 (N=1035; mean age 18.8, SD 3.5 years).
In general, participants of both samples were relatively highly
educated and mostly of Dutch ethnicity. The follow-up
guestionnaire was filled out by 55.9% (383/685) and 62.2%
(644/1035) of the usersin sample 1 and sample 2, respectively.

https://formative.jmir.org/2022/3/e29832
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Feasibility and Acceptance

An overview of app engagement (ESM compliance and
challenges) and answers of the user evaluation questionnaire
carried out in the follow-up can be found in Tables 2 and 3.

Regarding the ESM component, overall compliancewas 16.7%
(35.1/210 natifications, sample 1) and 30.9% (32.5/105
notifications, sample 2). About 56.77% (583/1027) of the
participantsindicated that they thought the number of questions
per day wastoo high, whereas about 40.7% (418/1027) indicated
the number of questions as sufficient. Some participants also
reported that they did not understand why the same questions
were asked repeatedly (sample 1: N=20, sample 2: N=16; ie, at
each notification, the same ESM questions were asked to
monitor their feelings and behavior over the study weeks).
Moreover, 15% (97/644) to 22.9% (88/383) reported no effect
of the ESM. However, 66.8% (256/383) to 72.4% (466/644)
reported reflecting more on their feelingsasaresult of the ESM.

With regard to the daily CBT-based challenges, participants
completed 31.5% (216/685) to 49.47% (512/1035) of all
challenges. Whereas in sample 1, a total of 1.2% (8/685)
participants completed all 42 chalenges (100%), 6.57%
(68/1035) participants completed all 21 challenges (21/21,
100%) in sample 2. The self-reported effect of the challenges
showed that 20.6% (79/383) to 44.2% (285/644) of the
participants became more active as a result of the Grow It!
challenges.

The overal user evaluation of Grow It! was positive. The
average app evaluation score was 7.1 of 10 (SD 1.5) in sample
1land 7.2 of 10 (SD 1.3) insample 2. Moreover, the app’sdesign
was evaluated with a score of 7.7 to 8.0 of 10. Finally, 72.6%
(278/383) to 75.6% (487/644) would recommend the app to
their friends.
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Table 2. App engagement and user evaluation of Grow It! (sample 1).

Dietvorst et al

Total Aged12-17years Aged 18-25years Differencetest (aged 12-17 vs 18-25 years)
t test (df) Chi-square (df) P value
App engagement (Grow It! activity) N/A2
Number of users 685 500 185 N/A N/A
Compliance of EsmP (n=210), number of 35.1(16.7) 34.4(16.4) 41.8 (19.9) 1.89 (683) .06
notifications (%)
Challenges (n=42), n (%) 132(315) 13.3(3L6) 131 (31.2) 0.19 (683) 85
User evaluation (follow-up questionnaire) N/A
Number of users 383 273 110 N/A N/A
Evaluation of the app (1-10), mean (SD) 7.1(1.5) 7.4(1.3) 6.6 (1.7) 4,70 (381) <.001
Evaluation of the design (1-10), mean (SD) 7.7 (1.5) 7.8(15) 7.5(15) 2.21(381) .03
Self-reported effect of ESM, n (%) N/A 1.99(1) .58
| got to know myself better 20(5.3) 17 (6.3) 3(29)
It made me feel better 19 (5) 13(4.7) 6(5.7)
It made me think about how | feel more 256 (66.8) 181 (66.4) 75 (67.6)
No effect 88 (22.9) 62 (22.5) 26 (23.8)
Evaluation amount of ESM per day, n (%) N/A 9.18 (1) .002
Few 15 (4) 8(3) 7(6.5)
Sufficient 155(40.3) 122 (44.8) 32(29)
Alot 213(55.7)  143(52.2) 71 (64.5)
Self-reported effect of challenges, n (%) N/A 5.26 (1) .26
| have had more contact with others 10(2.5) 6(2.3) 3(2.9)
| am better at solving problems 8(2.2) 4(15) 4(3.8)
| am better at accepting situations 32(8.3) 22 (8.1) 10(8.7)
| have become more active 79 (20.7) 64 (23.6) 15 (13.5)
| have started to feel less lonely 28 (7.4) 20(7.3) 8(7.7)
Evaluation chat function, n (%) N/A 579 (1) 22
Not nice at all 79 (20.7) 51 (18.7) 28 (25.5)
A little bit nice 175(45.7) 122 (44.7) 53 (48.1)
Quite nice 54 (14.1) 41 (14.9) 14 (13.3)
Nice 45(11.7) 33(12.2) 11 (10.4)
Very nice 30(7.9) 26 (9.5) 4(3.8)
Would recommend Grow It! to friends, n (%) 278 (72.6) 212 (77.7) 66 (60) N/A 12.28 (1) <.001
Want to help with future development of theapp, 133 (34.7) 93 (33.9) 41 (36.9) N/A 0.35(2) .55

n (%)

3N/A: not applicable.
bESM: experience sampling method.
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Table 3. App engagement and user evaluation of Grow It! (sample 2).

Dietvorst et al

Total Aged 12-17years Aged 18-25years Difference test (aged 12-17 vs 18-25 years)
t test (df) Chi-square (df) P value
App engagement (Grow It! activity) N/A2
Number of users 1035 405 630 N/A N/A
Compliance of EsmP (n=105), number of 325(30.9) 30(28.6) 33.9(32.3) 2.17 (1033) .03
notifications (%)
Challenges (n=21), n (%) 10.4(49.5) 105 (50.1) 10.3 (49.2) 0.45 (1033) 65
User evaluation (follow-up questionnaire) N/A
Number of users 644 256 388 N/A N/A
Evaluation of the app (1-10), mean (SD) 7.2(1.3) 75(1.3) 6.9 (1.3) 1.59 (624) A1
Evaluation of the design (1-10), mean (SD) 8.0 (1.3) 8.2(1.3) 7.8(1.3) 4.48 (624) <.001
Self-reported effect of ESM, n (%) N/A 8.54 (1) .003
| got to know myself better 62 (9.6) 27 (10.49) 35(9)
It made me feel better 19(3) 13(5.2) 6(1.5)
It made me think about how | feel more 466 (72.4) 174 (68.0) 292 (75.3)
No effect 97 (15) 42 (16.4) 55 (14.2)
Evaluation amount of ESM per day, n (%) N/A 5.77 () .06
Few 11(1.7) 5(1.8) 7(17)
Sufficient 263(40.9) 119 (46.5) 144 (37.2)
Alot 370(574) 132(51.6) 237 (61.2)
Self-reported effect of challenges, n (%) N/A 10.47 (1) .001
| have had more contact with others 106 (16.5) 31(12) 78 (20)
| am better at solving problems 29 (4.5) 16 (6.3) 12 (3)
| am better at accepting situations 120 (18.7) 47 (18.3) 74 (19)
| have become more active 285 (44.2) 121 (47.2) 162 (41.7)
| have started to feel less lonely 104 (16.1) 41 (16.2) 62 (16.1)
Evaluation chat function, n (%) N/A 28.11 (1) <.001
Not nice at all 142 (22) 35(13.5) 107 (27.6)
A little bit nice 288(44.7) 109 (42.7) 179 (46)
Quite nice 106 (16.4) 54 (21.2) 51 (13.2)
Nice 77 (12) 41 (16.1) 36 (9.4)
Very nice 31(4.9) 17 (6.6) 15(3.8)
Would recommend Grow It! To friends, n (%) 487 (75.6) 215 (84) 272 (70) N/A 16.12 (1) <.001
Want to help with future devel opment of the 263 (40.9) 117 (45.7) 146 (37.7) N/A 0.74 (1) .39

app, n (%)

3N/A: not applicable.
bESM: experience sampling method.

Resultsfor Adolescents Compared With Emerging
Adults

Given the broad age range in which adolescents participated
(12-25 years), we aso reported outcomes separately for
adolescents (12-17 years) and emerging adults (18-25 years) in
Tables 2 and 3. Higher user evaluations of the Grow It! app
were found in the adolescent group in comparison with the

https://formative.jmir.org/2022/3/e29832

emerging adult group (ie, samples 1 and 2: adolescents rated
the design of the app higher, and more adolescents would
recommend the app to their friendsin samples 1 and 2; sample
1: adolescents’ evaluation of the app was higher, and number
of ESM natifications per day was evaluated better; sample 2:
evaluation of the chat function was better in adolescents).
Moreover, no differences between age groups were found with
regard to app engagement with the exception of slightly higher
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compliance of ESM in emerging adultsthan in adolescents (only
in sample 1).

Discussion

Principal Findings

The Grow It! app emerged from a lack of and need for
preventive interventionsfor emotional problemsand promoting
adaptive coping for adolescents; in addition, these interventions
need to be low key, nonstigmatizing, fun, attractive, private,
and secure. On the basis of the developmental process and
acceptance and feasibility of Grow It!, key lessons learned and
directions for future research are formulated and shared. Our
approach entails an iterative game design process combined
with an agile method to develop the smartphone app. The
incorporated game featuresin the Grow It! app were co-designed
with adolescent end users to increase participant engagement
and adherence. With regard to the app engagement and user
evaluation filled out at follow-up, we indicated that we have
some evidence that supports the feasibility and acceptance, and
therefore applicability, of Grow It! in adolescents.

Earlier studies suggest that adolescents are open to using
mHealth [48]. Indeed, the large interest as well as the positive
user evaluation provide reason to believe that adolescents, at
least a large group, are positive and open to using mHealth.
Grow It was co-designed with youths, which was reflected in
age-adequate daily challenges and an overall positive rating of
the Grow It! app. Moreover, 66.8% (256/383) to 72.4%
(466/644) of the participants felt they reflected more on their
emotions.

Limitations

Although the results of the developmental process, acceptance,
and feasibility are informative and promising for mHealth,
several limitations should be mentioned. First, the majority of
the study sample consisted of girls. The design of the app seems
more appealing to girls, despite the long process of cocreation
with both boys and girls. One of the explanations might be that
girls are more inclined to seek help [49] and therefore are also
more inclined to participate in our study.

Second, the COVID-19 pandemic and related governmental
restrictions might have influenced the results. Owing to remote
working during the COVID-19 pandemic, participants had no
or minimal personal contact and received minimal instructions
on how to participate in an ESM study, although this is stated
as an important factor to obtain reliable data [22]. Third,
concerning self-monitoring, it isnotorioudy difficult to motivate
adolescents. In this study, compliance of ESM was lower than
inatypical research design [22]; however, participants received
no financial incentive and were entirely motivated by the game
structure to answer questionnaires. We, therefore, expect that
with more targeted use (eg, in blended care when the app is
explained by a professiona), the compliance and user
sati sfaction might be more favorable. Furthermore, the dropout
rates were comparable with other web-based studies [50]. In
order to increase app engagement, improvements are needed;
for instance, designs may need to be tailored to the individual
(personalization) and (in-person) feedback is needed.
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Future Directions

With regard to the early identification of emotional problems,
ESM data of the Grow It! app provides an opportunity to
develop algorithms in future research for the early detection of
emotional problems, which often go unnoticed in adolescents
[6]. Identifying emotional problems early on would require
capitalizing on novel developmentsin clinical psychology [51]
combined with the motivational game architecture codevel oped
with youths [36]. The ESM has aready shown to be areliable
method to investigate variation in thoughts, feelings, and
symptoms over time and context in research settings [22,23].
Dietvorst et a [25] have demonstrated that ESM data helps to
identify the onset of depressive feelings among adolescents 3
months ahead. Specifically, this was done by differentiating
typical adolescents (eg, grumpy at home), from early depressive
feelings. In future work, analyzing highly rich ESM data with
more powerful analytical techniques, such as machinelearning,
could potentially improve this early identification.

In clinical practice, self-management and self-insight may be
enhanced by obtaining insights into one's emotion dynamics
[22,26,27]. A feature such as providing participants with
feedback through a daily life emotion chart (eg, mood profile)
could provide participants with better insight and feedback into
their well-being [52,53]. It may also serve as a therapeutic
function, asintegrating real time mood profilesinthe app could
encourage adol escentsto reflect more on their emotions, coping,
and behavior in different contexts [26] and could aso be used
asaroutine outcome measure during therapy. To test the effects
of the app upon adolescent well-being and resilience, an
additional in-depth evaluation is required. Research questions
and hypotheses that are beyond the scope of the devel opmental
process focusing on the main effect of the app are preregistered
[54,55] and will be executed in the future accordingly, including
arandomized controlled trial study to test the effectiveness of
the Grow It! app.

Conclusions

The Grow It! app has been developed and improved through
iterations in collaboration with alarge multidisciplinary team.
It isinnovative, age-attuned, easily accessible, fun, and visually
appealing and, most importantly, servesthe needs of adolescents.
The app waswell received by adolescents, and thefirst findings
presented here indicate that adol escents were motivated by the
game mechanics of Grow It! and liked completing the ESM
guestionnaires and daily challenges. Initialy, the app was
developed for high-risk adolescent populations, such as
adol escents with chronic somatic conditions, offspring of parents
with psychiatric disorders, or adol escents experiencing extreme
stressful societal circumstances, for example, the COVID-19
pandemic. However, the app may also serve a broader purpose
of prevention for adolescents from a general population. Our
findings support the feasibility and acceptance, and therefore
applicability, of the Grow It! app in adolescents.

The ambition is to further improve the app after each research
study by including new features and resolving usability issues.
The next step will be to focus on the increase of compliance
and providing participantsfeedback through their personal mood
profiles.
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Abstract

Background: Thereisgrowing interestin digital platforms as a means of implementing scalable, accessible, and cost-effective
mental health interventions in the workplace. However, little is known about the efficacy of such interventions when delivered
to employee groups.

Objective:  This study aims to evaluate the feasibility and preliminary efficacy of a digital mental health platform for the
workplace, which incorporates evidence-based practices such as cognitive behavioral therapy and acceptance and commitment
therapy. A total of 3 brief, unguided interventions designed to address stress, anxiety, and resilience, respectively, are evaluated.
The primary aim isto determine the feasibility of the study methods and interventionsin preparation for a definitive randomized
controlled trial.

Methods: The study used a fully remote, parallel, multi-arm, external pilot randomized controlled trial, with 3 intervention
arms and a no-intervention control group. Participants were working adults representative of the general UK population with
respect to age, sex, and ethnicity who were recruited from aweb-based participant platform. Primary outcomesincluded objective
and self-report measures of feasibility, acceptability, engagement, transferability, relevance, and negative effects. Secondary
outcomesincluded 4 self-report measures of mental health and well-being, completed at baseline (time point 0[t0]), postintervention
(time point 1 [t1]), and the 1-month follow-up (time point 2 [t2]). Secondary outcomes were analyzed via linear mixed-effects
models using intention-to-treat principles. Preregistered criteriafor progression to a definitive trial were eval uated.

Results: Data were collected between January and March of 2021. A total of 383 working adult participants meeting trial
eligibility were randomized, of whom 356 (93%) were retained at t2. Objective engagement data showed that 67.8% (196/289)
of participants randomized to an intervention arm completed their intervention. Overall, 87.1% (203/233) of participants reported
being satisfied or very satisfied with their intervention and rated the quality of their intervention asgood or excellent. All intervention
groups reported significantly greater improvements than the control group on at least one secondary outcome at t1, with
between-group Hedges g effect sizesfor the pooled interventions ranging from 0.25 (95% CI 0.05-0.46) to 0.43 (95% CIl 0.23-0.64).
All the improvements were maintained at t2.

Conclusions: The study methods were feasible, and all preregistered criteria for progression to a definitive trial were met.
Severa minor protocol amendments were noted. Preliminary efficacy findings suggest that the study interventions may result in
improved mental health outcomes when offered to working adults.

Trial Registration: ISRCTN Registry 80309011; http://www.isrctn.com/ISRCTN80309011

(IMIR Form Res 2022;6(3):€34032) doi:10.2196/34032
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Introduction

Background and Rationale

Mental illness affects hundreds of millions of peopleworldwide,
resulting in decreased quality of life, family and community
disruption, increased health care costs, and a significant
economic burden for employers[1,2]. Employee performance,
rates of illness, absenteeism, and staff turnover are al affected
by employees’ mental health status. In the United Kingdom,
workplace mental health problems result in an estimated 70
million lost workdays and atotal cost of up to £45 hillion (US
$61 billion) each year for businesses [3]. This is compounded
by an estimated global treatment gap of >50% for people with
mental health disorders[4,5].

There is growing interest in web and smartphone apps as a
means of increasing the reach of mental health and well-being
interventions [6,7]. Digital platforms can offer a broad range
of content within astandardized environment that isinteractive
and dynamic while also being widely accessible, cost-efficient,
and nonstigmatizing. With fewer access barriers, digital
platforms also have the potential to offer a preventative solution
to common mental health problems by facilitating sustained,
proactive engagement [8,9]. Such platforms can vary widely in
their means of delivery (web vs mobile app), the core therapeutic
approach they use (with cognitive behavioral therapy [CBT],
mindfulness meditation [MM], and positive psychology being
common), and the duration and format of their content.

Thereisnow convincing evidencefor the effectiveness of digital
interventions when delivered in health and community settings
[10], as well as emerging evidence that they may be effective
when delivered in occupational settings [11,12]. Previous
meta-analyses have found small positive effects on
psychological well-being (Hedges ¢=0.37) and work
effectiveness (Hedges g=0.25) [ 11] and small to moderate effects
on common mental health outcomes, such as stress (Hedges
0=0.54), anxiety (Hedges g=0.34), and symptoms of depression
(Hedges g=0.30) [12]. However, the current evidence base is
limited by considerable heterogeneity across studies and an
insufficient number of high-quality trials. Moreover, only a
fraction of for-profit mental health apps (MHapps) are supported
by empirical evidence [13], with added concerns that such
platformsarefrequently characterized by low adherence[14-16].
Together, these suggest the need for further research.

In this study, we conduct an external pilot randomized controlled
trial (RCT) as part of the initial testing of Unmind—a novel
digital mental hedth platform for the workplace. Unmind
provides employees with tools to help them track, maintain,
and improve their mental health and well-being. It features a
broad range of content that draws on multiple evidence-based
approaches such as CBT [17], MM [18], behavioral activation
[19], acceptance and commitment therapy (ACT [20]), and
positive psychology [21]. Central to the platform areindividual
learning and devel opment courses (known as Series) designed
to address specific topics of mental health and well-being. Series

https://formative.jmir.org/2022/3/e34032

are short, standalone interventions, typically ranging between
5and 7 sessions, each of approximately 10 minutesin duration,
and can feature amix of audio and video content, infographics,
and interactions with a chatbot.

Study Objective

Consistent with recent guidelines on pilot trials [22,23], the
primary aim of this study is to evaluate the feasihility of the
study methods, and 3 separate Unmind Series that address the
topics of stress, anxiety, and resilience, respectively, in
preparation for a future definitive RCT. We chose to evaluate
content relating to stress and anxiety as these are highly
prevalent in theworkplace [3] and have been extensively studied
in previous evaluations of MHapps [24-26], alowing for a
comparison of the current findings to previous evidence. In
addition, we chose to evaluate content relating to resilience, as
evidence suggests that it plays an important role in the
prevention of mental health problems [27] and thus may be
integral to the effectiveness of a preventative platform. A
secondary aim is to establish the preliminary efficacy of each
intervention with respect to self-report measures of stress,
anxiety, symptoms of depression, and resilience, including
establishing between-group effect sizes and 95% Cls (for each
intervention compared with the control group). Although
depression was not a specific target of any of the study
interventions, we choseto includeit asan outcomeasitishighly
comorbid with stressand anxiety [28,29] and acommon problem
in workplace settings [3]. Finally, we also aim to report on the
combined effects of all interventions compared with the control
group.

Asthe Unmind app comprisesan extensivelibrary of standalone
interventions, it isimportant that each component of the app is
evaluated. We choseto include 3 intervention armsin this study
asthisis more efficient than performing sequential 2-armtrials
and increases the proportion of participants randomized to an
intervention arm [30]. In addition, if a definitive RCT is
warranted, an aim might be to evaluate whether each
intervention arm has a greater effect on the specific outcome
targeted by that intervention relative to the other intervention
arms. Thus, this study uses a parallel, multi-arm, external pilot
RCT design and recruited UK-based, community-dwelling,
working adult participants who are randomly allocated to 1 of
3 intervention arms or to a no-intervention control group. We
chosetoimplement ano-intervention control as (1) participants
were not selected on the basis of poor mental health or seeking
help for a problem, (2) recent evidence suggests that wait-list
groups may introduce nocebo effects in psychotherapy trials
[31], and (3) participants received monetary compensation for
taking part.

Thefeasibility of each intervention arm isassessed viaobjective
and self-reported outcomes capturing recruitment, retention,
i ntervention uptake and adherence, acceptability, transferability,
relevance, and negative effects. The preliminary efficacy of
each intervention arm is assessed via self-report outcome
measures delivered before (time point O [t0]) and after the
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interventions (time point 1 [t1]; 2 weeks after t0) and at the
1-month follow-up (time point 2 [t2]). The results of this study
areintended to inform whether a definitive RCT to evaluate the
efficacy of each intervention arm is warranted and provide
estimates of the parameters required for its design and
implementation.

Methods

The authors followed the CONSORT (Consolidated Standards
of Reporting Trials) 2010 guidelines [32] when preparing this
study, including recent extensions to pilot trials [22] and
multi-arm trials [33].

Trial Design

This study was a parallel, multi-arm, external pilot RCT with
pre- (t0) and postintervention (t1; 2 weeks after t0) assessments
and a 1-month follow-up (t2). Participants were randomly
allocated to 1 of 3 brief, self-guided psychological interventions
(Series) featured on the Unmind platform or to ano-intervention
control group in a 1:1:1:1 alocation ratio. Participants were
working adultsrecruited from the Prolific web-based recruitment
platform [34], and the entire study was conducted on the web
between January and March 2021. Of note, the study
commenced several weeks after the start of athird national UK
lockdown (in response to the SARS-CoV-2 pandemic), and t2
datawere collected after the commencement of a phased easing
of lockdown restrictions. Thetrial waspreregistered at ISRCTN
80309011, and afull study protocol was preregistered at Open
Science Framework in December 2020.

Ethics Approval

Thetrial received ethical approval from the University of Sussex
sciences and technology research ethics committee
(ER/IKC226/2).

Participants

Participants were recruited via the Prolific web-based
recruitment platform, which has been empirically tested across
attributes such as participant response rates and data quality
[35]. Inclusion criteria were (1) aged at least 18 years, (2)
currently residing in the United Kingdom, (3) self-identifying
asbeing in full- or part-time employment, (4) having an active
account on Prolific, (5) having accessto an internet connection
via a smartphone or desktop device, and (6) being fluent in
English. Prolific indicated that there were 50,978 eligible
individuals at the time of conducting the study.

Prolific implements a prescreening system that allows
researchers to screen for digibility without implementing a
screening questionnaire. Prolific also supports the recruitment
of study samples representative of the national UK population
with respect to age, sex, and ethnicity based on guidelinesfrom
the UK Office of National Statistics. This study drew upon this
feature to maximize the generalizability of the findings.

https://formative.jmir.org/2022/3/e34032
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Procedures

All study assessments were hosted on the Qualtrics survey
platform [36], and participants were required to provide
informed consent via a form built into each study assessment
alongside a digital information sheet. All participants who
completed the tO assessment were invited to complete the t1
and t2 assessments via the Prolific recruitment platform.
Participants were offered a £7 (US $9.50) incentive for
completing each of the 3 study assessments (baseline,
postintervention, and 1-month follow-up), delivered viaPralific.
Participants randomized to one of theintervention armsreceived
reminder messages on days 5 and 10 of the intervention
(delivered via Pralific's anonymousinbox system), encouraging
them to complete | intervention sessions. However, participant
reimbursement was not contingent on intervention adherence.

Randomization

Randomization occurred at the end of t0 and was implemented
via the Qualtrics randomizer feature, which uses block
randomization to ensure balanced groups. It was not possible
to blind the participants to group assignments. After
randomization, participants assigned to one of the intervention
arms were sent a message via Prolific’s anonymous inbox
system with instructions on how to access their intervention,
including using aunique voucher codeto sign up to the Unmind
platform. The research team remained blind to group assignment
for the duration of data collection but was unblinded during
data analysis.

Interventions

Overview

Unmind is a digital platform designed to be used by working
adultsto measure, manage, and improvetheir mental health and
well-being. It can be accessed via the web, mobile, or tablet
(Android or i0S), and the Unmind smartphone app can be
downloaded viathe Apple or Google Play stores. The platform
features a wide range of resources and content created by
academics and clinicians with expertise in adult mental health,
which arerooted in evidence-based practicessuchasCBT [17],
MM [18], behavioral activation [19], ACT [20], and positive
psychology [21].

Although Unmind includes awide range of content and features,
this study focused on evaluating Series. Series are brief,
unguided learning and development courses, typically
comprising between 5 and 7 sessions, each of approximately
10 minutes in duration, that are designed to be completed
sequentially, and include a mix of audio and video content,
infographics, and interaction with a chatbot (see Figure 1 for
example screenshots). Each Series focuses on a specific
symptom, topic, trait, or behavior related to mental health and
typically uses a key therapeutic approach, such as CBT, MM,
or ACT. Series are designed to provide both reactive support
(to manage or address an existing problem) and proactive
support (to prevent the onset of afuture mental health problem).
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Figure 1. Screenshots of the Unmind smartphone app showing the Series tab (panel A) and examples from the combatting stress intervention (panels

B-D).
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The intervention arms in this study comprised 3 individual
Series designed to address stress, anxiety, and resilience,
respectively. For the purposes of the study, participants were
instructed to only engage with their allocated intervention,
despite having access to the full Unmind platform, and were
excluded from standard email campaigns that encourage
interaction with content not evaluated in this study. Participants
had 2 weeks to complete their alocated intervention and were
free to progress through the intervention at their own pace. A
description of each intervention armis provided in thefollowing
sections.

Combatting Stress

Thisintervention draws upon CBT and ACT techniquesand is
designed to hel p users better manage their day-to-day stressors.
Over the course of 7 sessions, it provides psychoeducation on
stress and its physical manifestations, helps users spot personal
triggers, and explores different approaches to coping. It also
introduces the idea of acceptance. Users are taught stress
management techniques and are encouraged to practice between
sessions.

Working With Worry

This intervention is underpinned by theoretical models of
generalized anxiety disorder (GAD), athough it is targeted at
users who identify as worriers rather than those meeting any
predefined criteria for a diagnosis of GAD. Content spans 7
sessions and covers key elements of CBT, including tolerance
of uncertainty, challenging worry beliefs, problem solving, and
working with imagery. It also encourages users to apply
evidence-based techniques, including relaxation and attentional
focus.

https://formative.jmir.org/2022/3/e34032
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Building Resilience

This intervention aims to help users apply evidence-based
techniquesto aid the cultivation of essential qualities of personal
resilience, drawing upon CBT and ACT. Over the course of 7
sessions, learning coverstopics such as honing strengths, facing
challenges, and tolerating discomfort. It also explores aspects
such as coping styles and redlistic optimism. The Series
encourages users to increase their self-awareness and guides
them to build a personal resilience plan.

In each Series, learning is optimized by the use of a chatbot to
allow note-taking and aid reflection, as well as the use of short
recap videos at the beginning of each new session. Each Series
also hasits own accompanying brief handbook, whichisemailed
to participants as a PDF file on starting their first session.
Handbooks contain a summary of key learning points and
infographics from the Series and include space for participants
to write any further reflections on their learning from each
session.

For the purposes of this study, participants were instructed not
to engage with other content and features included in the
Unmind app (and not described here) so that the feasibility of
the study interventions could be assessed in isolation. The app
also includes aHelp page containing information and resources
for key well-being topics and signposting to urgent problems.
Participants had access to versions 2.56.0 to 2.59.0 of the
Unmind app, and no major app changes or updates were
launched during the 2-week study period.

Outcomes

Overview

Participant demographics and other variables were captured at
t0, including whether each participant had engaged with therapy
or counseling, and a mental health or well-being app within 6
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months before taking part in the study. Participants were also
asked to rate the extent to which they agreed with the statement,
“Do you agree that it's important for people to look after their
mental health and wellbeing?’ on a 5-point Likert scale from
strongly agree to strongly disagree.

Primary Outcome Measures

Recent guidelines suggest that complex health interventions
should be feasible, acceptable, engaging, transferable to other
settings, and relevant [37]. In addition, psychological
interventions should be evaluated for negative effects [38].
Therefore, preregistered primary outcomes included the
following:

1. Feasihility: recruitment, intervention uptake, and retention
(attland t2)

2. Acceptability: intervention adherence and completion rates,
participant satisfaction, and reasons for discontinuing the
intervention

3. Engagement: average sessions completed and 3 questions
adapted from the Mobile App Rating Scale [39]

4. Transferability: 1 question adapted from the Mobile App
Rating Scale

5. Relevance: 1 question assessing subjective relevance

6. Negativeeffects: 1 question adapted from recent guidelines
on assessing negative effects [40] and the proportion of
participants that reliably deteriorated across all secondary
outcome measures.

Outcomes were measured through a combination of objective
data (captured by the Unmind platform) and self-reported data
captured at t1 (Multimedia Appendix 1).

Secondary Outcome Measures

Preregistered secondary outcomesincluded self-report measures
capturing symptoms of common mental health problems.

The Perceived Stress Scale-10

The Perceived Stress Scale (PSS) is a 10-item scale that asks
respondents to rate how often they feel or think that their lives
are unpredictable, uncontrollable, and overloaded on a 5-point
Likert scale from O (never) to 4 (very often) [41]. Total scores
range from 0 to 40, with higher scores indicating greater
perceived stress. The PSS has a Cronbach a >.70 across 12
individual studies (and .91 in this study at t0) and good
test—retest reliability across 4 individual studies [42]. The
original scale uses a 1-month reporting period; however, this
has been shortened in several previous studies [43,44], and this
study used a 2-week reporting period.

The GAD-7 Scale

The GAD-7 is a 7-item scale used to screen for the presence
and severity of an anxiety disorder [45]. Participants rate each
item on a 4-point Likert scale from O (not at al) to 3 (nearly
every day), with total scoresranging from 0to 21. A score>10
is suggestive of the presence of anxiety, and scores of 5, 10,
and 15 are taken as cutoff pointsfor mild, moderate, and severe
anxiety, respectively. The GAD-7 has excellent reliability and
internal consistency (Cronbach a of .89intheoriginal validation
and .91 in this study at t0) and has been validated in both the
general population and primary care settings [45,46].

https://formative.jmir.org/2022/3/e34032
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The Patient Health Questionnaire-8

The Patient Health Questionnaire (PHQ)-8 is an 8-item scale
derived from the PHQ-9, which screens for the presence and
severity of depression [47]. The PHQ-8 omits an item that
assesses suicidal ideation and is more appropriate for use in
nonclinical samplesand settings [48]. The response optionsare
equivalent to those of the GAD-7, with total scores ranging
from 0 to 24. A score 210 suggests the presence of depression,
and scores of 5, 10, 15, and 20 are taken as cutoff points for
mild, moderate, moderately severe, and severe depression,
respectively. The PHQ-8 has excellent internal consistency
(Cronbach a of .89in primary care settingsand .88 in this study
at t0) and excellent test—retest reliability [49].

Brief Resilience Scale

The Brief Resilience Scale (BRS) is a short, 6-item scale
designed to assess people’s ability to bounce back or recover
after stressful events [50]. Participants rate each item on a
5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree) or the reverse for negatively worded items. The BRS is
scored by reverse coding items 2, 4, and 6 and computing the
mean of the 6 items. The creators of the scale have suggested
that scores <3 be interpreted as low resilience and scores 4.3
be interpreted as high resilience [51]. The BRS displays good
internal consistency (Cronbach a=.80-.91 and .91 in this study
at t0) and test—retest reliability.

Progression Criteria

Asper formal guidelines[52], preregistered progression criteria
were defined as follows: (1) full study recruitment within 1
month; (2) at least 30% intervention compl etion rates based on
aprevious meta-anaysis of adherence to unguided psychological
interventions [53]; (3) at least 75% adherence to protocol
instructions (defined as the proportion of participants who
refrain from engaging with =1 Series session outside of their
allocated Series); (4) at least 50% of participants reporting being
satisfied or very satisfied with the intervention and rating the
quality of theintervention asgood or excellent; and (5) the 95%
Cl on between-group effect sizes for secondary outcomes
including at least asmall effect (Hedges g=0.2) for =1 outcome
measures.

Progression criteriawere considered for each intervention arm
individually.

Sample Size

This study was powered for Cls on the feasibility outcomes. A
sample size calculation indicated that approximately 100
participantswere required to estimate feasibility outcomeswith
a margin of error <10% (based on a conservative population
proportion of 50% for retention and adherence, and a 95% Cl).
Thisis consistent with previous guidelines suggesting that 60
to 100 participants per intervention arm are optimal for
estimating binary outcomesin pilot RCTs [54]. Therefore, we
aimed to recruit 400 participants in total.

Statistical M ethods

The results from all preregistered primary and secondary
measures are reported. Minor deviations from the preregistered
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data analysis plan are reported in Multimedia Appendix 2
[40,41,55].

Primary Analyses

Descriptive statistics were used to report primary outcomes.
Categorical datawere reported as proportionsin each response
category, and Fisher exact test of independence was used to
compare responses between intervention arms (with P values
computed using Monte Carlo simulation and 2000 iterations).
Where tests were significant, post hoc pairwise comparisons
between study armswere performed (using fal se discovery rate
methods to adjust P values).

Objective in-app usage data were provided by Unmind. For
simplicity, intervention sessions were only characterized as
complete if al components of the session were played.
Descriptive statistics were used to characterize engagement and
stratify participantsaccording to whether they completed, started
but did not complete, or faled to start their alocated
intervention.

We computed the proportion of participants who self-reported
reliable deterioration in mental health scoresfrom tO to t1, and
t1 to t2, based on an estimate of the reliable change index for
each outcome measure. Thereliable changeindex was computed
based on methods provided by Jacobson and Truax [56], using
Cronbach a as a measure of reliability and an a level of .05
(Multimedia Appendix 3). Participants with missing data or
those who were unableto reliably deteriorate based on tO scores
were excluded from this analysis.

Secondary Analyses

Secondary outcome measures were analyzed using both
intention-to-treat (ITT) and per-protocol (PP) approaches. For
the ITT analysis, all participants with complete tO data were
included, regardless of intervention adherence and any deviation
from instructions. Participants were excluded from the PP
analysis if they failed to complete all 7 intervention sessions,
if they started an Unmind Series outside of their allocated
intervention, or if they werelost to follow-up at t1. Asfindings
from the PP analysis were largely equivalent to ITT, we opted
to omit these results (although a comparison of effect sizesis
reported in Multimedia Appendix 4).

Analyses were performed using linear mixed-effects models
(LMMs) with restricted information maximum likelihood
estimation (via the Ime4 package in R [57]). Each model
included a within-subject factor time (with levels: tO, t1, and
t2), abetween-subject factor group (combatting stress, working
with worry, building resilience, or control), their interaction as
fixed effects, and a separate baseline for each participant. Time
was modeled as a categorical factor. Model residuals were
checked via Q-Q plots to assess model assumptions and
goodness of fit. For each outcome, we reported (1) the estimated
marginal means (EMMs) with 95% Clsfor each time point and
intervention arm, (2) P values for within-group contrasts
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comparing changes from t0 to t1 and tO to t2, and (3)
between-group contrasts (with 95% Cls) comparing changes
from t0 to t1 and tO to t2 for each intervention arm (and all
intervention arms combined) rel ative to the control group (with
both unadjusted and Tukey-adjusted P values). P values <.05
were considered significant. We also report a standardized effect
size (Hedges g with 95% CI) for each between-group contrast.
Hedges g was calculated using EMMs (as opposed to raw data,
which require the use of complete cases only) and pooled SDs.
The 95% Cls were calculated using equations 15 and 16 from
Nakagawa and Cuthill [58]. P values were reported to a
maximum of 3 decimal places, with values <.001 reported as
P<.001.

Subgroup Analyses

Subgroup analyses were performed to examine changes in
secondary outcome measuresfor participants who self-reported
having at least mild symptoms at tO or at least moderately low
resilience. Thresholds for subgroup analyses were as follows:
a score =16 on the PSS, =5 on the GAD-7, =5 on the PHQ-8,
and <3 on the BRS. For simplicity, we report a comparison of
Hedges g effect sizesfor these subgroupsversusthe I TT anaysis
but omit the full output of each LMM. In addition, we analyzed
theintervention feedback ratingsfor these subgroups separately.
As the findings were similar to the ITT sample, these are
reported in Multimedia Appendix 5.

Finally, multivariate logistic regression was conducted on the
intervention group data only to explore whether any baseline
variables were predictive of intervention completion (defined
as 1 for randomized participants who completed all sessions of
their alocated intervention and O for all other randomized
participants). Predictor variables included all demographic
variables and other baseline characteristics, as well as al
self-report secondary outcome measures at t0. For categorical
predictors, categories that included <10 observations were
dropped from the regression analysis.

Results

Participants

Participant demographics and other baseline variables are
presented in Table 1. The mean age of the participants was 44.6
(SD 14.3) years, 52% (199/383) were femae, and 81.2%
(311/383) were White, suggesting that the study sample was
broadly representative of the general UK population [59]. All
participants were employed (part-time: 94/383, 24.5%;
self-employed: 49/383, 12.8%) across abroad range of industries
and most had not used an MHapp (306/383, 79.9%) or not
engaged intalking therapy (352/383, 91.9%) in a6-month period
beforetaking part in the study. Almost all participants (372/383,
97.1%) either agreed or strongly agreed with the statement,
“It’s important for people to look after their mental health and
wellbeing.”
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Table 1. Participant demographics and baseline variables (N=383).

Variable Overall Study arm
Control (n=94)  CS*(n=94) WWP (n=97) BRE (n=98)
Age (years), mean (SD; range) 44.6 (14.3;18-75) 45.6(14.2; 18-69) 44.8(14.3;19-75) 43.6 (14.7; 19-72) 44.7 (14.3; 18-69)
Sex, n (%)
Female 199 (52) 53 (56.4) 41 (43.6) 55 (56.7) 50 (51)
Male 184 (48) 41 (43.6) 53 (56.4) 42 (43.3) 48 (49)
Ethnicity, n (%)
Whited 311(81.2) 76 (80.9) 79 (84) 74 (76.3) 82(83.7)
Black® 19 (5) 4(43) 2(21) 7(7.2) 6(6.1)
Mixed or multiple 12 (3.1) 2(21) 332 5(5.2) 2(2)
Asian 35(9.1) 11 (11.7) 9(9.6) 9(9.3) 6(6.1)
Other9 6 (1.6) 1(1.1) 1(11) 221 2(2)

Employment, n (%)

Full-time 238 (62.1) 60 (63.8) 63 (67) 55 (56.7) 60 (61.2)
Part-time 94 (24.5) 26 (27.7) 18 (19.1) 28(28.9) 22 (22.4)
Self-employed 49 (12.8) 8(8.5) 13(13.8) 13(13.4) 15(15.3)
Other 2(0.5) 0(0) 0(0) 1(1) 1(0)
Industry, n (%)
Agriculture, forestry, or mining 1(0.3) 1(1.1) 0(0) 0(0) 0(0)
Industrials 22 (5.7) 4(4.3) 9(9.6) 3(31) 6 (6.1)
Energy or utilities 7(1.8) 2(21) 1(1.1) 2(21) 2(2)
Transport or logistics 17 (4.4) 2(21) 5(5.3) 6(6.2) 4(4.2)
Mediaor creative industries 24 (6.3) 6 (6.4) 9(9.6) 4(4.1) 5(5.1)
Data or telecommunication 18 (4.7) 5(5.3) 5(5.3) 2(21) 6(6.1)
Health care 40 (10.4) 13(13.8) 6 (6.4) 12 (12.4) 9(9.2)
Education 63 (16.4) 17 (18.1) 17 (18.1) 12 (12.4) 17 (17.3)
Life sciences 4(1) 0(0) 1(11) 2(2.1) 1(1)
Retail 32(84) 2(21) 11(11.7) 8(8.2 11(11.2)
Hospitality, leisure, or travel 22 (5.7) 8(8.5) 7(7.4) 3331 4(4.1)
Public or social service 30(7.8) 8(8.5) 6 (6.4) 7(7.2) 9(9.2
Finances, insurance, or real estate 22 (5.7) 5(5.3) 4(4.3) 8(8.2) 5(5.1)
Professional services 25 (6.5) 7(7.4) 4(4.3) 8(8.2) 6(6.1)
Other 56 (14.6) 14 (14.9) 9(9.6) 20 (20.6) 13(13.3)
Education, n (%)

None 4(1) 0(0) 2(21) 1(1) 1(D)
High school 138 (36) 30(31.9) 33(35.1) 36(37.1) 39(39.8)
Undergraduate degree 172 (44.9) 46 (48.9) 41 (43.6) 42 (43.3) 43 (43.9)
Postgraduate degree 69 (18) 18 (19.1) 18 (19.1) 18 (18.6) 15 (15.3)

M Happh use (6 months), n (%)

Yes 74 (19.3) 15 (16.0) 17 (18.1) 23(23.7) 19 (19.9)

No 306 (79.9) 78 (83.0) 76 (80.9) 73(75.3) 79 (80.6)

Maybe 3(0.8) 1(1.1) 1(1.2) 1(2) 0(0)
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Variable Overall Study arm
Control (n=94)  CS?(n=94) WWP (n=97) BRC (n=98)
Therapy (6 months), n (%)
Yes 31(8.1) 6 (6.4) 3(32) 12 (12.4) 10 (10.2)
No 352 (91.9) 88 (93.6) 91 (96.8) 85 (87.6) 88 (89.8)
Proactive MH' careimportant, n (%)
Strongly disagree 6(1.6) 0(0) 2(21) 1(1) 3(31)
Disagree 1(0.3) 1(11) 0(0) 0(0) 0(0)
Neither 4(1) 0(0) 1(1y) 1(1) 22
Agree 75 (19.6) 19 (20.2) 25 (26.6) 15 (15.5) 16 (16.3)
Strongly agree 297 (77.5) 74 (78.7) 66 (70.2) 80 (82.5) 77 (78.6)

8CS: combatting stress.

Bww: worki ng with worry.

°BR: building resilience.

%\White British and other British.

€African, Caribbean, and Black British.

fChinese, Indian, Bangladeshi, Pakistani, and other Asian.
9Arabian or any other ethnicity.

M Happ: mental health app.

'MH: mental health.

Patient-reported outcome scores suggested that participants
were, on average, experiencing mild symptoms of depression
and anxiety at t0 (mean PHQ-8 6.9, SD 5.2; mean GAD-7 6.5,
SD 5.1). The proportion of participants scoring above the cutoff
for mild symptomswas 59.3% (227/383) for anxiety (GAD-7=5)
and 59.8% (229/383) for depression (PHQ-8>5), whereas the
proportion scoring above the cutoff for moderate symptoms
was 26.9% (101/383) for anxiety (GAD-7=10) and 28.2%
(108/383) for depression (PHQ-8>10). Self-reported stresslevels
were approximately consistent with population norms (mean
PSS 17.0, SD 7.7 [55]).

Primary Outcomes

Enrollment and Retention

The study was enrolled in January 2021 within 48 hours of
launching the study advert. Figure 2 shows the participant flow

https://formative.jmir.org/2022/3/e34032

through thetrial. One of the participants withdrew consent after
randomization, and 4% (16/400) of participants reported not
being employed at t0 (in contrast to their prescreening responses)
and were excluded from al analyses. Of the remaining 383
eligible participants, 367 (95.8%) completed an assessment at
t1, and 356 (93%) completed an assessment at t2. Retention
rates at t2 significantly differed across the intervention arms
(P=.02; control 97.9%, combatting stress 93.6%, working with
worry 93.8%, and building resilience 86.7%). Pairwise post hoc
comparisons suggested significantly lower retention for building
resilience than the control arm (adjusted P=.03); however, no
other comparisons were significant. All groups exceeded the
prespecified minimum retention for progression to a definitive
trial.
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Figure 2. CONSORT (Consolidated Standards of Reporting Trials) flow of participants through the study. tO: time point O; t1: time point 1; t2: time

point 2.
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Engagement and Adherence

Overview

A summary of the intervention engagement is shown in Table
2. Of the 289 participants randomized to an intervention, 237
(82%) started their allocated intervention, and 196 (67.8%)
completed all intervention sessions. Of those who completed
at least one session, 82.7% (196/289) proceeded to complete
all sessions, which differed across intervention arms (P=.02).
Pairwise post hoc comparisons suggested significantly higher
completion for combatting stress (74/81, 91.4%) than for
building resilience (59/78, 75.6%; adjusted P=.03) but not
working with worry (63/78, 80.8%). Of the 289 participants
randomized to an intervention, 47 (16.3%) did not start their
intervention, and 5 (1.7%) incorrectly engaged with an
intervention outside of the onethey were allocated. Participants
took an average of 6.38 (SD 4.10, range 0-15) daysto complete
al 7 intervention sessions, which did not significantly differ

https://formative.jmir.org/2022/3/e34032
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acrossintervention arms (F;193=1.58; P=.21). Those who started
but did not complete their allocated intervention completed a
median of 3 out of 7 sessions (mean 3.24, SD 1.96, range 1-6).
A summary of participants self-reported reasonsfor not starting
or discontinuing their intervention can be found in Multimedia
Appendix 6. The most common reasonsfor lack of engagement
included insufficient time or technical difficulties (although
these data were missing for participants who self-reported
completing their intervention, regardless of objective adherence).

Overall, participants who objectively completed at least one
intervention session self-reported spending a mean of 60.1
(median 60, SD 29.1, minimum 10, maximum 210) minuteson
the Unmind platform, which differed significantly across groups
(F2231=3.12;, P=.046). Post hoc Tukey tests suggested that
participants in the combatting stress arm reported spending
more time on the platform than participants in the building
resilience arm (mean difference 11.49, 95% Cl 0.64-22.34;
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adjusted P=.04) but not the working with worry arm (adjusted
P=.40). Of the 274 participants who completed an assessment
at t1, 177 (64.6%) reported receiving a handbook via email
(combatting stress 58/90, 64%, working with worry 61/92, 66%,
and building resilience 58/92, 63%) while completing their
intervention. Of these 177 participants, 45 (25.4%) reported
reading the entire handbook (combatting stress 12/58, 21%,

Economides et al

wor king with worry 16/61, 26%, and building resilience 17/58,
29%), and 84 (47.5%) reported reading some of the handbook
(combatting stress 27/58, 47%; working with worry 31/61, 51%;
and building resilience 26/58, 45%). Overall, 4.2% (12/289) of
participants deviated from the study instructions by engaging
with =1 session outside their allocated intervention arm.

Table 2. Intervention adherence and engagement across the 3 intervention arms (N=289).

Variable Overall Study arm
CS? (n=94) WWP (n=97) BRC (n=98)
Completers
Value, n 196 74 63 59
Percentage of those randomized (95% Cl) 67.8 (62.1-73.2) 78.7 (69.1-86.5) 64.9 (54.6-74.4) 60.2 (49.8-70)
Percentage of those starting intervention (95% Cl) 82.7 (77.3-87.3) 91.4 (83.0-96.5) 80.8 (70.3-88.8) 75.6 (64.6-84.7)

Days taken to complete intervention, mean (SD; range)

Partial completers

6.38 (4.10; 0-15)

6.59 (3.94; 0-15)

6.86 (3.85; 0-14)

5.61 (4.51; 0-14)

Value, n 41 7 15 19

Percentage of those randomized (95% Cl) 14.2 (10.4-18.8) 7.45 (3.1-14.7) 15.5(8.9-24.2) 19.4 (12.1-28.6)
Number of sessions completed by partial completers

Values, mean (SD) 3.24 (1.96) 2.71(1.80) 2.80 (1.47) 3.79 (2.27)

Values, median (range) 3(1-6) 3(1-5) 3(1-5) 4(1-6)
Did not start intervention

Value, n 47 11 16 20

Percentage of those randomized (95% Cl) 16.3 (12.2-21) 11.7 (6-20) 16.5 (9.7-25.4) 20.4 (12.9-29.7)
Engaged only with nonassigned intervention

Value, n 5 2 3 0

Percentage of those randomized (95% Cl) 1.7 (0.6-4) 2.1(0.3-7.5) 3.1(0.6-8.8) 0(0-3.7)
Engaged with assigned and nonassigned interventions

Value, n 12 4 5 3

Percentage of those randomized (95% Cl) 42(2.2-7.1) 43(1.2-10.5) 5.2 (1.7-11.6) 3.1(0.6-8.7)

8CS: combatting stress.
Bww: worki ng with worry.
®BR: building resilience.

Satisfaction and Feedback Ratings

Table 3 showsasummary of feedback ratings from participants
who were retained at t1 and who also completed at least one
intervention session based on objective app use (233/383,
60.8%; see Multimedia Appendix 1 for feedback questions).
Importantly, most (203/233, 87.1%) participants were either
satisfied (99/233, 42.5%) or very satisfied (104/233, 44.6%)
with their intervention and rated the quality of their intervention
as either good (96/233, 41.2%) or excellent (107/233, 45.9%).
Feedback did not significantly differ across the intervention
arms, except for the intervention quality (P=.02). Post hoc

https://formative.jmir.org/2022/3/e34032

pairwise comparisons suggested that ratings differed between
wor king with worry and combatting stress (adjusted P=.02) and
differed marginally between combatting stress and building
resilience (adjusted P=.07). Compared with building resilience,
participants in the combatting stress arm were more likely to
rate the intervention as good than okay or poor, and participants
in the working with worry arm reported the highest ratio of
excellent to good ratings.

Feedback ratings from participants scoring above predefined
cutoffs for inclusion in subgroup analyses were largely
equivalent to the overall sample and areincluded in Multimedia
Appendix 5.
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Table 3. Postintervention feedback ratings from participants who were retained at time point 1 (t1), both overall and for each intervention arm (N=233).

Feedback ratings Overall n (%) Study arm n (%) P value?

cs? (n=79) WWE (n=76) BRY (n=78)

Design of intervention .16
Dull, not fun 1(0.4) 0(0) 0(0) 1(1.3)
Mostly boring 14 (6) 1(1.3) 7(9.2) 6(7.7)
OK, fun enough 55 (23.6) 17 (21.5) 15(19.7) 23(29.5)
Moderately interesting and fun 103 (44.2) 41 (51.9) 32(42.1) 30(38.5)
Highly interesting and fun 60 (25.8) 20 (25.3) 22 (28.9) 18 (23.1)
Content of intervention 46
Dull, not fun 3(13) 0(0) 1(1.3) 2(2.6)
Mostly boring 11(4.7) 2(2.5) 5 (6.6) 4(5.1)
OK, fun enough 46 (19.7) 13 (16.5) 13(17.2) 20 (25.6)
Moderately interesting and fun 94 (40.3) 35 (44.3) 28 (36.8) 31 (39.7)
Highly interesting and fun 79 (33.9) 29 (36.7) 29 (38.2) 21(26.9)
Relevance of intervention .59
Strongly disagree 7(3) 1(1.3) 3(3.9) 3(3.8)
Disagree 16 (6.9) 3(3.9) 7(9.2) 6(7.7)
Neither agree nor disagree 40(17.2) 14 (17.7) 9(11.8) 17 (21.8)
Agree 97 (41.6) 36 (45.6) 33(43.4) 28(35.9)
Strongly agree 73 (31L.3) 25 (31.6) 24 (31.6) 24 (30.8)
Satisfaction with intervention 71
Very dissatisfied 3(1.3) 0(0) 1(13) 2(2.6)
Dissatisfied 8(3.4) 2(25) 3(3.9 3(3.8)
Neither satisfied nor dissatisfied 19(8.2) 4(5.1) 7(9.2 8(10.3)
Satisfied 99 (42.5) 36 (45.6) 28(36.8) 35 (44.9)
Very satisfied 104 (44.6) 37 (46.8) 37(48.7) 30(38.5)
Quality of intervention .02
Poor 5(2.1) 0(0) 3(3.9) 2(2.6)
Okay 25 (10.7) 4(5.1) 9(11.8) 12 (15.4)
Good 96 (41.2) 42 (53.2) 23(30.3) 31(39.7)
Excellent 107 (45.9) 33(41.8) 41 (53.9) 33(42.3)
Likelihood of recommending intervention A3
| would not recommend it to anyone 7(3) 1(13) 2(2.6) 4(5.1)
There are very few people | would recommend it to 29 (12.4) 5(6.3) 11 (14.5) 13 (16.7)
There are several people whom | would recommend itto 65 (27.9) 28 (35.4) 17 (22.4) 20 (25.6)
There are many people | would recommend it to 74 (31.8) 20 (25.3) 29 (38.2) 25(32.1)
Definitely—I would recommend it to everyone 58 (24.9) 25 (31.6) 17 (22.4) 16 (20.5)
Ease of use of Unmind app and intervention .96
No (limited instructions, confusing, and complicated) 1(0.4) 0(0) 0(0) 1(1.3)
Useable after alot of time and effort 1(0.4) 0(0) 1(1.3) 0(0)
Usable after some time and effort 12 (5.2) 4(5.1) 4(5.3) 4(5.1)
Easy to learn how to use 75 (32.2) 26 (32.9) 22 (28.9) 27 (34.6)
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Feedback ratings Overdl n (%) Study arm n (%) P value?
CS? (n=79) WWE (n=76) BRY (n=78)
Able to use app immediately 144 (61.8) 49 (62) 49 (64.5) 46 (59)
Negative effectsduring theintervention A1
Yes 2(0.9) 0(0) 2(2.6) 0(0)
No 231 (99.1) 79 (100) 74 (97.4) 78 (100)

8Fisher exact tests comparing ratings across study arms.
bCS: combatti ng stress.

SWW: working with worry.

9BR: building resilience.

Negative Effects

Of the 76 participants in the working with worry arm, 2 (3%)
reported experiencing negative effects while completing their
intervention. Qualitative feedback suggested that in both
instances, this referred to frustration with the intervention (not
understanding the content or not finding it useful). Table 4
shows the proportion of participants whose self-reported
outcome scores reliably deteriorated from t0 to t1 and t1 to t2
for each study arm and each secondary outcome measure. Across

all outcomes, the proportion of participants who self-reported
reliable deterioration ranged from 1.1% to 8.9% for tOto t1 and
2.4%1t012.4% for t1 to t2 (during which participants no longer
had access to any interventions). These rates were largely
equivalent between the intervention arms and the control group
and are consistent with previous estimates that 5% to 10% of
participants are expected to deteriorate following in-person
psychotherapy [60]. Thus, the interventions in this study did
not appear to be associated with symptom deterioration or other
unwanted negative effects.

Table 4. Number and percentage of participants per study arm (and overall) that reliably deteriorated from time point O (t0) to time point 1 (t1) and t1
to time point 2 (t2) based on reliable change index for each secondary outcome measure.

Outcome Overdl, n (%) Study arm, n (%)
Control cs? wwP BR®

pssd

t1 to t0 (n=365) 15 (4.1) 4(4.3) 8(8.9) 1(11) 2(22)

t2to t1 (n=349) 35(10) 9(9.9) 6(7.1) 11 (12.4) 9(10.7)
GAD-7°

t1 to t0 (n=353) 18 (5.1) 4(4.4) 7(8.0) 1(11) 6(6.9)

t2 to t1 (n=340) 27 (7.9) 9(10.2) 3(3.6) 7(8.4) 8(9.9)
PHQ-8f

t1 to t0 (n=359) 17 (4.7) 7(7.5) 6(6.7) 1(11) 3(3.4)

t2to t1 (n=344) 13(3.9) 3(3.4) 224 4(4.5) 4(4.8)
BRSY

t1 to t0 (n=356) 14 (3.9) 4(4.4) 3(3.4) 4(4.4) 3(35)

t2to t1 (n=347) 22 (6.3) 5(5.4) 6(7.1) 7(7.9) 4(4.9)

8CS: combatting stress.

ByWW: worki ng with worry.

®BR: building resilience.

dpss: Perceived Stress Scale.

€GAD-7: Generalized Anxiety Disorder-7.
fPHQ-8: Patient Health Questionnaire-8.
9BRS: Brief Resilience Scale.
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Secondary Outcomes eligibility criteria; see Multimedia Appendix 4 for PP results).

EMMsfor each secondary outcome (grouped by study arm and
ITT Analyses time point) are shown in Table 5. All study arms reported
Overview significant within-group improvements from t0 to t1 on all
secondary outcomes (all P<.05), except for symptoms of

Thefollowing arebased on ITT analysesthat include datafrom depression (PHQ-8) and resilience (BRS) in the control group.

all randomized participants (except for those not meeting the

Table 5. Estimated margina means (EMMs) from linear mixed-effects models at each of the 3 study time points shown for each intervention arm and

each secondary outcome measure.

QOutcome Time point
Baseline (t0) Postintervention (t1) Follow-up (t2)
EMM (SE; 95% Cl) EMM (SE; 95% Cl) EMM (SE; 95% Cl)
pss?
Control 16.86 (0.76; 15.37-18.3) 15.19° (0.76; 13.69-16.69) 14.62° (0.76; 13.12-16.12)
csd 16.35(0.76; 14.86-17.84) 13.30° (0.77; 11.79-14.80) 12.59° (0.77; 11.08-14.10)
wwe 17.14(0.75; 15.68-18.61) 12.93¢ (0.76; 11.44-14.42) 12.73° (0.76; 11.24-14.22)
BR' 17.76 (0.74; 16.29-19.22) 13.49° (0.76; 12.01-14.98) 13.17° (0.77; 11.66-14.68)
GAD-7Y
Control 6.38 (0.50; 5.41-7.36) 5.26° (0.50; 4.28-6.24) 5.42" (0.50; 4.44-6.40)
Cs 6.20 (0.50; 5.23-7.18) 4,53 (0.50; 3.54-5.52) 4.01° (0.51; 3.02-5.00)
ww 6.57 (0.49; 5.61-7.53) 4.12° (0.50; 3.15-5.10) 4.12° (0.50; 3.15-5.10)
BR 7.02(0.49; 6.06-7.98) 4.69° (0.50; 3.72-5.66) 4.42° (0.51; 3.43-5.41)
PHQ-8
Control 6.62 (0.51; 5.61-7.63) 6.39 (0.52; 5.37-7.39) 6.06) (0.52; 5.04-7.08)
Cs 6.68 (0.51; 5.67-7.69) 4.94° (0.52; 3.92-5.96) 4.56° (0.52; 3.53-5.50)
wWw 6.85(0.51; 5.85-7.84) 4.36° (0.51; 3.35-5.36) 4.56° (0.51; 3.55-5.57)
BR 7.34(0.50; 6.35-8.33) 5,53 (0.51; 4.53-6.54) 5.33 (0.52; 4.31-6.36)
BRS¢
Control 20.37(0.52; 19.36-21.38) 20.90) (0.52; 19.89-21.92) 21.18" (0.52; 20.17-22.20)
cs 19.63(0.52; 18.62-20.64) 21.03° (0.52; 20.01-22.05) 21.30° (0.52; 20.27-22.33)
ww 19.00(0.51; 18.00-20.00) 20.70° (0.51; 19.70-21.71) 20.85° (0.51; 19.84-21.86)
BR 19.05(0.50; 18.06-20.04) 20.52° (0.51; 19.51-21.52) 21.29° (0.52; 20.27-22.32)

3pSS: Perceived Stress Scale.
st.Ol; denotes significance of within-group contrasts comparing t0 to t1 and tO to t2 for each outcome (P values are unadjusted).
®P<.001; denotes significance of within-group contrasts comparing t0 to t1 and tO to t2 for each outcome (P values are unadjusted).

dcs: combatti ng stress.
SWW: working with worry.
BR: building resilience.

9GAD-7: Generalized Anxiety Disorder-7.
hP<.05; denotes significance of within-group contrasts comparing t0 to t1 and tO to t2 for each outcome (P values are unadjusted).
'PHQ-8: Patient Health Questionnaire-8.

ip>.05.

KBRS: Brief Resilience Scale.
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Combatting Stress

Participantsin the combatting stress arm reported atrend toward
larger decreasesin perceived stress (t1-t0: Hedges g=0.24, 95%
Cl -0.05t0 0.53; t2-t0: Hedges g=0.27, 95% CI —0.02 to 0.56)
and larger increases in resilience (t1-t0: Hedges g=0.24, 95%
Cl -0.05t0 0.53; t2-t0: Hedges g=0.24, 95% CI —-0.05t0 0.53)

https://formative.jmir.org/2022/3/e34032

RenderX
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at both time points; however, none reached significance at an
a level of .05 in this sample. Participants also reported greater
improvement in symptoms of depression at t1 and t2 (t1-t0:
Hedges g=0.37, 95% CI 0.08-0.66, P=.01; t2-t0: Hedges
0=0.38, 95% CI 0.09-0.67, P=.009) and in symptoms of anxiety
at t2 (Hedges g=0.30, 95% Cl 0.01-0.59; P=.04) than the control
group (Table 6).
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Table 6. Contrasts and between-group (intervention versus control) effect size calculations from linear mixed-effects models (LMMs) applied to each
secondary outcome for both intention-to-treat (ITT) and subgroup analyses.

Outcome Estimate® (SE; 95% Cl) P value Hedges g (95% Cl)
LMMP Tukey adjusted® ITT Subgroup
psste
t1 minusto?
cgh 1.38(0.83; -0.57t0 3.33) .10 .34 0.24 (-0.05 t0 0.53) 0.29 (-0.08 to 0.66)
Wwi 2.54(0.82; 0.93 10 4.16) .002 01 0.45 (0.16 to 0.74) 0.66 (0.28 to 1.04)
BRI 2.59 (0.82; 0.97 t0 4.21) .002 .009 0.45 (0.17 t0 0.74) 0.47 (0.10t0 0.84)
AllK 2.18 (0.67; 0.86 to 3.50) .001 .004 0.38(0.1810 0.58) 0.47 (0.2110 0.73)
t2 minusto
(O] 1.52 (0.83; —0.11 to 3.16) .07 .26 0.27 (-0.02 to 0.56) 0.41 (0.04t0 0.78)
wWw 2.18 (0.83; 0.55 to 3.80) .009 .04 0.38 (0.09t0 0.67) 0.64 (0.26 10 1.02)
BR 2.34(0.84; 0.70 to 3.98) .005 .03 0.40 (0.12 t0 0.69) 0.53 (0.16 to 0.90)
All 2.02 (0.68; 0.69 to 3.34) .003 .008 0.35 (0.15 t0 0.55) 0.52 (0.26 10 0.78)
GAD-7™"
tO minustl
cs 0.55 (0.59; —0.61 to 1.71) 35 79 0.14(-015t00.42)  0.29 (-0.09 to 0.66)
wWw 1.32(0.59; 0.17 to 2.48) .02 11 0.33(0.04t0 0.61) 0.46 (0.09 t0 0.84)
BR 1.21 (0.59; 0.06 to 2.36) 04 17 0.30 (0.01 to 0.58) 0.41 (0.04t0 0.78)
All 1.03 (0.48; 0.09t0 1.97) .03 .08 0.25 (0.05 t0 0.46) 0.39 (0.12 0 0.65)
t0 minust2
cs 1.23 (0.59; 0.06 to 2.40) .04 16 0.30 (0.01 t0 0.59) 0.49 (0.11 0 0.88)
ww 1.48 (0.59; 0.33to0 2.64) .01 .06 0.36 (0.08 t0 0.65) 0.64 (0.25t0 1.02)
BR 1.64 (0.60; 0.47 to 2.81) .006 .03 0.40 (0.11 t0 0.68) 0.58 (0.20 t0 0.96)
All 1.45 (0.48; 0.51 to 2.40) .003 .008 0.35(0.15t0 0.56) 0.57 (0.30t0 0.84)
PHQ-8°P
t0 minustl
cs 1.51 (0.59; 0.34 10 2.67) 01 .06 0.37 (0.08 10 0.66) 0.47 (0.08 t0 0.85)
wWw 2.25 (0.59; 1.09 to 3.41) <.001 .001 0.55 (0.26 t0 0.84) 0.70 (0.32 to 1.09)
BR 1.57 (0.59; 0.41 t0 2.73) .008 04 0.38 (0.10t0 0.67) 0.46 (0.08 t0 0.83)
All 1.78(0.48; 0.83t0 2.72) <.001 <.001 0.43 (0.23 t0 0.64) 0.54 (0.28t0 0.81)
t0 minust2
cs 1.56 (0.60; 0.39 t0 2.74) .009 045 0.38 (0.09t0 0.67) 0.57 (0.19 t0 0.96)
wWw 1.72 (0.59; 0.56 to 2.89) .004 02 0.42 (0.13t0 0.71) 0.62 (0.24 10 1.00)
BR 1.44 (0.60; 0.27 t0 2.62) 02 .08 0.35 (0.06 t0 0.63) 0.46 (0.09 t0 0.84)
All 1.58 (0.49; 0.63 t0 2.53) .001 .003 0.38 (0.18 10 0.59) 0.55 (0.28 10 0.82)
BRSY
tO minustl
cs 0.87 (0.52; -0.15 to 1.90) .10 34 0.24(-0.05t00.53)  0.35(0.16t0 0.85)
Ww 1.18 (0.52; 0.16 t0 2.19) .02 A1 0.33(0.0410 0.62) 0.66 (0.19t0 1.13)
BR 0.94 (0.52; -0.08 to 1.96) 07 27 0.26 (-0.02t00.55)  0.44 (-0.06 to 0.93)
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Outcome Estimate® (SE; 95% Cl) P value Hedges g (95% ClI)
LMMP Tukey adjusted® ITT Subgroup
All 1.00 (0.42; 0.17 to 1.83) .02 .049 0.28 (0.08t0 0.48) 0.50 (0.16 t0 0.83)
t0 minust2
cs 0.86 (0.53; —0.17 to 1.89) .10 36 0.24(-0.05t00.53)  0.18 (-0.32t0 0.68)
WW 1.04 (0.52; 0.01 to 2.06) 047 19 0.29 (0.00 to 0.58) 0.47 (0.00 to 0.94)
BR 1.43 (0.53; 0.40t0 2.47) .006 .03 0.39 (0.11t0 0.68) 0.38 (-0.11 t0 0.87)
All 1.11 (0.43; 0.27 to 1.94) .01 .03 0.30(0.10t0 0.51) 0.36 (0.02 to 0.69)

8Contrast estimates from LMMs.
5p value from LMM (groupxtime interaction terms).

P value following Tukey adjustment for all pairwise comparisons (only comparisons of interest are shown).

dpsS: Perceived Stress Scale.

®Sample size for ITT analyses n=383; sample size for subgroup analyses n=236.

ft1: time point 1.

9t0: time point O.

hCs: combatti ng stress.

"Ww: worki ng with worry.

IBR: building resilience.

Kpooled effect of all intervention arms.

t2: time point 2.

MGAD-7: Generalized Anxiety Disorder-7.

NSample size for ITT analyses n=383; sample size for subgroup analyses n=227.

°PHQ-8: Patient Health Questionnaire-8.

PSample size for ITT analyses n=383; sample size for subgroup analyses n=229.

9BRS: Brief Resilience Scale.

"'Sample size for ITT analyses n=383; sample size for subgroup analyses n=142.

Working With Worry

Participants in the working with worry arm reported greater
improvements in symptoms of anxiety at t1 and t2 than the
control group (t1 minust0: Hedges g=0.33, 95% CI 0.04-0.61,
P=.02; t2 minust0: Hedges g=0.36, 95% CI 0.08-0.65, P=.01),
as well as greater improvements across all other secondary
outcomes (all P<.05; Hedges g range 0.33-0.55; Table 6). All
improvements were maintained at t2 (all P<.05; Hedges g range
0.29-0.42). Effect sizeswerelargest for symptoms of depression
at both t1 (Hedges g=0.55, 95% CI 0.26-0.84) and t2 (Hedges
g=0.42, 95% Cl 0.13-0.71).

Building Resilience

Participants in the building resilience arm reported a trend
toward larger increasesin resilience at t1 than the control group
(t2 minus t0: Hedges g=0.26, 95% CI -0.02 to 0.55), which
emerged as significant at t2 (t2 minus t0: Hedges g=0.39, 95%
Cl 0.11-0.68; P=.006). In addition, participants reported
significantly greater improvements across all other secondary
outcomes at t1 (all P<.05; Hedges g range 0.30-0.45), which
were maintained at t2 (all P<.05; Hedges g range 0.35-0.40;
Table 6).

A comparison of the overall (pooled) effect of all intervention
arms relative to the control group revealed significantly greater
improvement for al 4 secondary outcome measures (Hedges g
range 0.25-0.43; Table 6). In addition, post hoc contrasts on

https://formative.jmir.org/2022/3/e34032

theLMM estimates suggested that none of theintervention arms
were significantly different from one another when comparing
t0 to t1 or t2 for any of the secondary outcome measures (all
P>.05), athough this study was not powered to detect such
differences. Finally, when comparing score changes fromt1 to
t2, there were no significant differences between the control
group and any of theintervention armsfor any of the secondary
outcome measures (all P>.05).

Subgroup Analyses

Subgroup analyses were performed for all secondary outcome
measures to explore intervention effects for participants
self-reporting at least mild symptoms (or moderately low
resilience) at t0 (see Multimedia Appendix 7 for subgroup
sample sizes and baseline scores). Findings were largely
equivalent to the ITT analysis, although between-group effect
sizes were generaly larger, ranging from 0.39 (95% CI
0.12-0.65) to 0.54 (95% Cl 0.28-0.81) when pooling the
intervention arms (Table 6).

Exploratory Analyses

Exploratory multiple logistic regression suggested that
participants working in health care (b=-2.11, SE 0.86; P=.01),
finance, insurance, or real estate (b=—-2.57, SE 0.88; P=.004),
and professional services (b=—1.87, SE 0.91; P=.04) were less
likely to complete their allocated intervention relative to those
working inindustrials (the reference category). The completion
rate for industrials was 83.3% compared with 51.9% for health
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care, 41.2% for finance, insurance, or real estate, and 55.6% for
professional services.

In addition, participants with higher PHQ-8 scores at baseline
were less likely to complete their intervention (b=-0.17, SE
0.05; P<.001). None of the demographic variables collected in
thisstudy predicted completion (all P>.05). These analysesalso
confirmed that participants allocated to combatting stress were
more likely to complete their intervention than those allocated
to building resilience (b=-1.05, SE 0.37; P=.005) while
controlling for all other baseline variables.

Discussion

Principal Findings

Intervention research can be undermined by problems with
intervention delivery, acceptability, participant retention, and
smaller than anticipated effect sizes. Therefore, guidelines
suggest conducting pilot studies to test trial feasibility and
estimate important trial parameters before running a definitive
trial [61]. This study reports on the feasibility and preliminary
efficacy of 3interventionsfeatured on the Unmind MHapp when
delivered to working adults in the United Kingdom. The study
methods and interventions were found to be feasible, and all
preregistered progression criteria were met. This suggests that
adefinitivetrial is warranted, although several minor proposed
protocol amendments are discussed.

Participant retention and intervention adherence were largely
consistent with or higher than those in comparabl e studies. For
instance, only 7% (27/383) of participants were lost to attrition
a follow-up, which compares favorably with recent
meta-analyses reporting average attrition rates of 23% to 48%
for MHapp trials[11,16,62]. This may be because of the use of
the Pralific recruitment platform, which is associated with high
participant response rates [ 35], and reimbursing participants at
each study assessment. It may also suggest that participants, on
average, perceived the Unmind platform as helpful and engaging
and were thus motivated to complete the study.

Objective engagement data suggested that 67.8% (196/289) of
randomized participants (and 196/237, 82.7% of those starting
their intervention) completed all intervention sessions, which
is similar to or higher than average completion rates ranging
between 30% and 65% for other MHapp interventions
[11,16,53,63]. These engagement rates are particularly
encouraging, considering that participants were not recruited
on the basis of seeking help for a mental health problem and
were not randomized to an intervention based on scoring poorly
on the target outcome at baseline.

Despitethese high levels of engagement, the study interventions
were brief, comprising approximately 60 to 80 minutes of
learning over 7 sessions. In addition, the study used anonclinical
sample, and regression anal yses suggested that participantswith
higher symptom severity at baseline werelesslikely to complete
their alocated intervention. Thus, these findings may not be
generalizableto other interventions featured on the Unmind app
or to other study populations. Future studies designed to evaluate
the use of the Unmind app in subclinical populations are
currently being planned. Interestingly, although participants

https://formative.jmir.org/2022/3/e34032
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with higher baseline symptoms were less likely to complete
their intervention, feedback ratings at postintervention were
largely equival ent across the study sample. For example, 87.1%
(203/233) of al participants reported being either satisfied or
very satisfied with their intervention and rated the quality of
their intervention as either good or excellent, and these ratings
did not differ for participants with more severe symptoms at
baseline.

Although all 3 interventions met progression criteria,
participants randomized to the building resilience arm were
marginally less likely to start their allocated intervention and
complete al intervention sessions after starting. A potential
explanation isthat participants may have felt less motivated by
the theme of resilience as compared with stress and anxiety. In
addition, participants in the building resilience arm reported
marginally worse mental health scores at baseline, which may
have negatively affected engagement. Although participant
feedback waslargely equivalent acrossthe 3 interventions, there
were several marginal (not statistically significant) differences
that may be a contributing factor. For example, compared with
combatting stress, participants in the building resilience arm
weredlightly lesslikely to rate the intervention as good relative
to okay or poor. Althoughit isdifficult to draw firm conclusions
from these data, it will be important to test whether such
differences persist in a definitive trial and the extent to which
any changes or improvements to the building resilience
intervention are warranted.

Thefindingsfrom thispilot study reveal ed several opportunities
for minor protocol improvements before running a definitive
trial. First, of the 383 participants, 11 (2.9%) reported not fully
understanding the study instructions, and 1.7% (5/289) of
participants randomized to an intervention engaged with the
wrong intervention. This could be addressed by providing
participants with detailed video instructions and implementing
a brief quiz to ensure that all participants understand how to
accesstheir allocated intervention. If feasible, participants could
be given access to a modified, study-specific version of the
Unmind platform that only includes the interventions being
tested. Second, discrepancies between self-reported and
objective in-app engagement meant that 48% (45/93) of
participantswho stopped using the Unmind app did not provide
feedback on their reasons for discontinuing their intervention.
This could be addressed by restructuring the feedback
guestionnaire to capture data from all participants, regardless
of self-reported engagement. Third, 0.9% (2/233) of participants
reported experiencing negative effects while completing their
intervention; however, qualitative feedback suggested that both
instances referred to frustration with the intervention (not
understanding the content or not finding it useful). Thisquestion
could be modified to capture lasting bad effects (refer to the
study by Crawford et al [64]) with more specific clarifying
guestionsto better differentiate harmful effectsfrom frustration
and/or lack of intervention enjoyment. Finally, 4% (16/400) of
participants were excluded from the analysis as they reported
being unemployed at baseline, which was in contrast to their
prescreening responses. Although the Prolific platform precludes
the use of additional screening questions at baseline, the sample
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size calculation for adefinitivetrial could be adjusted to account
for this potential discrepancy.

Although the study was not powered for formal hypothesis
testing, preliminary efficacy findings suggested that the study
interventions were associated with small to moderate
between-group improvements in =1 mental health outcomes,
which were maintained at the 1-month follow-up. This is
consistent with findings from meta-analyses of previous MHapp
trials [11,12,26]. All 3 interventions resulted in larger
improvements in symptoms of depression, anxiety, perceived
stress, and resilience than the control group, although smaller
effects (Hedges g<0.3) did not reach statistical significance. An
appropriately powered definitive trial may be more likely to
capture such small effects with greater precision and, where
possible, should aim to report on the clinical importance of these
findings (eg, with regard to minimal important difference
threshol ds). These efficacy findings were consistent across both
PP and ITT analyses and are particularly promising, given the
brevity of theinterventions. In addition, the findings were robust
across subgroup analyses that only included participants with
at least mild problems at baseline. However, 2 further patterns
emerged that merit discussion.

First, relative to baseline, participants in the control group
reported statistically significant improvements in stress and
anxiety at both study time points and improvementsin resilience
at the 1-month foll ow-up, despite not having accessto any study
interventions. Although this may reflect phenomena such as
practice effects or regression to the mean, it isworth noting that
baseline data were collected several weeks after the
commencement of athird national UK lockdown (in response
to rising cases of SARS-CoV-2), whereas follow-up data were
collected after the start of a phased easing of restrictions. A
longitudinal survey conducted in England suggests that
symptoms of anxiety and depression tend to rise rapidly during
the early stages of a lockdown but decline quickly thereafter
[65], which may partly explain the changes in mental health
scores reported by the control group. Thus, the present efficacy
findings may not be directly generalizable to other contexts.
Importantly, the intervention groups reported larger
improvements in mental health despite significant changes in
the control group, and MHapps such as Unmind may be an
effective way of delivering accessible mental health support to
workforcesworking remotely or during times of national crisis.

Second, although al 3 interventions resulted in significant
improvementsfor at |east one mental health outcome, the study
interventions did not appear to be sensitive or specific to their
target outcome. For example, the combatting stressarm resulted
in small between-group (intervention vs control) improvements
in perceived stress (not statistically significant), as well as
significant reductions in symptoms of depression. Similarly,
participants in the working with worry arm reported significant
improvements across all outcomes, despite the intervention
specifically targeting anxiety. A potential explanation for this
isthat different facets of mental health tend to strongly covary
with one another [66], and transdiagnostic research suggests
that symptoms of different mental health problems often respond
to the sametreatments[67]. The present findingslend credence
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to this, as the study interventions all primarily involve similar
CBT-based techniques (identifying and challenging negative
thinking patterns, problem solving, and breaking negative cycles
of thinking or behaviors). As this study was not powered to
detect differences between intervention arms (or to test whether
effect sizesfor some outcomeswere significantly different from
others), it is not possible to draw meaningful conclusions from
these data. Future studies should aim to test for any such
differences so that users of the Unmind app can access
interventions that are most likely to benefit their individual
problem areas.

Strengthsand Limitations

This study had several strengths. First, intervention adherence
and engagement were objectively captured via Unmind (the
intervention platform). This is important, given the recent
evidence of substantial discrepancies between self-reported and
objective adherence in digital interventions [68]. Second,
participant retention was very high, which is extremely
important as missing data can reduce statistical power and lead
to biased intervention effects. Second, all study outcomes and
analyses were prospectively registered, precluding any selective
reporting of outcomes or nonpublication of findings[69]. Third,
the study recruited a sample representative of the general UK
population with respect to age, sex, and ethnicity, and
participants were employed across a variety of industries. This
isimportant as Unmind isdesigned for use acrossabroad range
of demographics, and alack of diversity within study samples
can limit the generalizability of the study findings.

A limitation of this study isthe use of a passive no-intervention
control group, as opposed to an active control group in which
participants engage with activities matched for duration,
attention, and interest. Passive controls do not alow true
intervention effectsto be differentiated from nonspecific placebo
effects and may introduce nocebo effects [31]. Although it is
useful in practical termsto estimate this combined effect of the
Unmind app, active controls are needed to fully understand the
mechanisms underlying its effects. In addition, despite being
randomly assigned, participantsin the control group had dightly
higher levels of self-reported resilience at basdling, and it is
unknown whether this may have affected between-group
differences in resilience scores over time. In addition, as with
most web-based trials, participants were not blinded to group
alocation. Finally, although the Pralific recruitment platform
has several strengths, the participant pool was entirely
self-selected, and it remains unknown to what extent the present
findings are generalizabl e to working adults nationwide.

Conclusions

This study assessed the feasibility of conducting a future
definitive RCT to evaluate the efficacy of 3 brief interventions
featured on the Unmind MHapp. The study methods and
interventions were found to be feasible, and all preregistered
criteria for progression to a definitive trial were met. Several
minor protocol amendments have been suggested. Preliminary
efficacy findingsindicate that the study interventions may result
in improved mental health outcomes when offered to working
adults.
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Abstract

Background: For patients with multiple myeloma receiving high-dose chemotherapy followed by autologous stem cell
transplantation (SCT), acute life disruptions and symptom burden may lead to worsened quality of life (QOL) and increased
emotional distress. Digital life coaching (DLC), whereby trained coaches deliver personalized well-being—related support via
phone calls and SMS text messaging, has been shown to improve QOL among SCT survivors. However, DLC has not been
investigated during the acute peri-SCT period, which is generally characterized by symptomatic exacerbations and 2-week
hospitalizations.

Objective:  We launched a single-arm pilot study to investigate the feasibility of patient engagement with DLC during this
intensive period.

Methods: We approached English-speaking adult patients with multiple myeloma undergoing autologous SCT at our center.
Enrolled patients received 16 weeks of virtual accessto alife coach beginning on day -5 before SCT. Coaches used structured
frameworksto help patientsidentify and overcome personal barriersto well-being. Patients chose the coaching topics and preferred
communication styles. Our primary endpoint was ongoing DL C engagement, defined as bidirectional conversations occurring at
least once every 4 weeks during the study period. Secondary endpoints were el ectronic patient-reported outcome assessments of
QOL, distress, and sleep disturbances.

Results. Of the 20 patients who were screened, 17 (85%) chose to enroll and 15 (75%) underwent SCT as planned. Of these
15 patients (median age 65 years, range 50-81 years), 11 (73%) demonstrated ongoing DL C engagement. The median frequency
of bidirectional conversations during the 3-month study period was once every 6.2 days (range 3.9-28 days). During index
hospitalizations with median lengths of stay of 16 days (range 14-31 days), the median frequency of conversations was once
every 5.3 days (range 2.7-15 days). Electronic patient-reported outcome assessments (94% adherence) demonstrated an expected
QOL nadir during the second week after SCT. The prevalence of elevated distress was highest immediately before and after SCT,
with 69% of patients exhibiting elevated distress on day —5 and on day +2.

Conclusions: DLC may befeasiblefor older patients during intensive hospital-based cancer treatments such as autologous SCT
for multiple myeloma. The limitations of our study include small sample size, selection bias among enrolled patients, and
heterogeneity in DLC use. Based on the positive results of this pilot study, a larger phase 2 randomized study of DLC during
SCT isunderway to investigate the efficacy of DL C with regard to patient well-being.
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Introduction

Multiple myeloma (MM) is an incurable hematologic
malignancy in older adults. Unlikein many other malignancies,
upfront use of myeloablative chemotherapy followed by
autologous stem cell transplantation (SCT) remainsthe standard
of care for MM in eligible patients [1,2]. Autologous SCT is
marked by acute symptomatic toxicities during the first 100
days after transplantation, such as fatigue, pain, and anorexia
[3-6]. Sudden functional limitations, increased isolation, and
nonrestful inpatient environments may also contribute to
emotional distress. Patients must be monitored closely for other
post-SCT toxicities and may, on average, spend over 30% of
their days during this 3-month period either hospitalized or at
clinic appointments|[7,8]. Furthermore, most patientswith MM
who are employed prior to undergoing SCT are unableto return
to work thereafter [9]. These factors, in turn, may lead to
significant personal costs from transportation-related expenses
and missed workplace productivity.

Specific manifestations of peri-SCT lifedisruptionsmay include
worsened quality of life (QOL), elevated anxiety or emotional
distress, and worsened sleep disturbances. These symptomsare
particularly relevant for patients with MM who tend to be ol der
and may have poorer baseline QOL than patients with other
malignancies[10]. Previous studies, whilelimited by substantial
heterogeneity in patient populations and survey-based
inventories, suggest that well-being reachesits nadir 1-2 weeks
after SCT before recovering in subsequent months [5,11-16].
Even so, long-term consequences of these short-term
exacerbations may include persistent decreasesin QOL, lowered
posttransplant  medication  adherence,  psychological
comorbidities, reliance on potentially inappropriate medications
such as benzodiazepines, and increased risk of hospital
readmissions[17-23]. Severa hospital-based interventions have
thus been studied to target well-being during SCT, such as
scheduled palliative care consultations, structured exercise
programs, acupuncture, music therapy, and programmed room
lighting [24-29]. However, these strategies may be limited by
in-person provider availability in the inpatient setting or the
need for “extra’ clinic appointments in the outpatient setting.

Digital life coaching (DLC), whereby patients receive
well-being-related support from trained coaches via
bidirectional phone calls and SMS text messaging on their
personal phones, may be able to address these limitations
because of its virtual and location-agnostic nature. Life
coaching, whereby trained coaches provide support and
longitudinal accountability to empower patients to set and
accomplish personal goals, has been effective in several
ambulatory cancer populations[30-39]. DL C can reach patients
both during and after their index SCT hospitalizations, which

https://formative.jmir.org/2022/3/e33701

is a priority for patient-facing digital tools in this population
[40]. While feasible among SCT survivors [41,42], DLC-type
interventions have not been studied during the acute 100-day
period immediately preceding and following SCT. Given the
paucity of studies on the use of communication-based digital
technologies among older adults [43], it is similarly unclear
how acceptable DLC can be for patients with MM. We thus
launched apilot study to assessthefeasibility of aDLC program
for patients with MM actively undergoing SCT.

Methods

Study Design and I ntervention

Welaunched asingle-arm, pilot feasibility study of DLC among
adult patientswith MM undergoing nontandem autologous SCT
at our center. English proficiency and mobile phone ownership
were required for study participation; however, neither
smartphone ownership nor mobile app installation were needed.
There were no restrictions on time frames for pre-SCT stem
cell collection or on agents used for stem cell mobilization.
Based on a 68% rate of engagement in a prior study of DLC
among SCT survivorsand an assumption that DL C engagement
below 33% would not merit further study [41], we enrolled 15
patients to exclude the possibility (with 1-sided a .05 and 90%
power) of DL C engagement falling below thisthreshold. Patients
who enrolled in the study but did not ultimately undergo
autologous SCT werereplaced. All patients provided informed
consent prior to study enrollment. This study was approved by
the University of California San Francisco Institutional Review
Board (Clinical Trials.gov NCT04432818).

Regarding the DLC platform itself, 2 life coaches employed by
Pack Health [44] were paired with al patients enrolled in this
study. Both coaches were certified by the National Board for
Health and Wellness Coaching [45]. Coaches reached out to
patients to coordinate their first coaching call beginning no
earlier than day —5 before SCT. Patientsthen received 16 weeks
of free unlimited accessto their life coach by phone, SM S text
messaging, or email. Coaches used structured frameworks
longitudinally, including the Transtheoretical Model, Fogg
Behavior Model, SMART (Specific, Measurable, Achievable,
Relevant, and Time-based) Framework, and Pathways Thinking,
to help patients identify and overcome personal barriers to
well-being [46-53]. The content of the coaching curriculum was
highly personalized to each patient at any given time and was
not standardized per the study protocol. However, coaches did
attempt to discuss several components of wellness (physical
health, mental health, nutrition, exercise, seep, and financial
health) at least once during the study period. Coaches were not
medical providers and were not licensed to address medical or
psychiatric issues; as such, coaches were instructed to refer
patients back to their SCT providerswith any clinical concerns.
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Patients could communicate bidirectionally with their coach by
SMS text messaging, phone call, or email. This contact
information was standardized for each coach; in other words,
patients could add their coach to their list of phone contacts and
communicate with them asthey would communicate with loved
ones. While coaches encouraged the use of weekly check-in
phone calls, the actual cadence and communication methods of
coaching were personalized to each patient based on their
individual goals and preferences. Caregivers were alowed to
join or participate in coaching aswell, although all content was
specifically geared toward patients themselves. Coaches
organized phone calls and responded to messages during
business hours for the DLC vendor (8 AM to 5 PM CST,
corresponding to GMT -6); al enrolled patients were on PST
(GMT -8). If patients did not respond to messages from their
coaches, follow-up messages were sent no more frequently than
3 times per week. Patients were not contacted by coaches after
the conclusion of the study period.

Data Collection

The primary objective of this study was to assess the rate of
ongoing patient engagement with the DLC program using an
intent-to-treat approach during the 16-week study period. We
adopted the definition of feasibility used in a previous study of
DLC among SCT survivors—patient-initiated engagement at
least once with the DLC platform in at least 68% of patients
over a3-month period [41]—with 2 apriori modifications. First,
we focused on bidirectional conversations (including phone
cals lasting at least 1 minute) as examples of meaningful
engagement even if initiated by the coach. Second, we adopted
a stricter definition of feasibility as at least one bidirectional
conversation every 4 weeks during the 16-week period rather
than at least once over 3 months. Our rationale for this second
modification was to assess the practicality of ongoing
patient-coach conversations across a dynamic 100-day period
including index hospitalizations as well as the initiation of
post-SCT maintenance therapy.

The secondary objectives of this study were to explore the
results of email-based electronic patient-reported outcome
(ePRO) assessments measuring QOL, emotional distress, and
sleep disturbances. ePROs were assessed in accordance with
the Checklist for Reporting Results of Internet E-Surveys[54].
To measure QOL,, we administered the 10-item Patient-Reported
Outcome M easurement | nformation System (PROMIS) Global
Health Scale instrument v1.2. To measure emotiona distress,
we administered the single-item National Comprehensive Cancer
Network (NCCN) Distress Thermometer excluding the problem
list. To measure sleep disturbances, we administered the 4-item
PROMI S Sleep Disturbance Short Form 4a. These inventories,
comprising 15 questions across 4 pages including a welcome
page, were assessed through a secure web-based Research
Electronic Data Capture (REDCap; Vanderbilt University)
platform hosted on the study site’'s server. Patients received
unique weblinksto complete ePRO assessments through emails
sent from REDCap to their personal email addresses. These
emails were sent at 12 discrete timepoints: weekly for the first
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8 weeks of the study (day -5 to day +50) and then biweekly
thereafter (day +51 to day +106). No ePRO questions were
mandatory, no incentives were provided for ePRO assessment
completion, and responses were not editable or rewritable after
completion of each timepoint. The results of ePRO assessments
were not shared with patients' coaches or clinical teams at any
time.

Data Analysisand Statistical Considerations

For our primary endpoint of ongoing DLC engagement, we
calculated SCT-relative dates for each bidirectional conversation
within each of four 4-week study subperiods. day -5 to +22,
day +23 to +50, day +51 to +78, and day +79 to +106. Based
on our sample size of 15 patients, we defined feasibility asthe
presence of ongoing engagement in 10 or more patients (ie, at
least 68% of patients) based on a previous study of DLC among
SCT survivors [41].

For our secondary objectives involving ePRO assessments, we
converted raw PROMISinventory scoresinto T-scoresto reflect
a reference population with a mean score of 50 and SD of 10
as per their respective scoring manuals. We analyzed PROMIS
inventory scores and Distress Thermometer scores at each
timepoint descriptively using medians and ranges. Based on
previous studies of patients with cancer, we defined clinically
meaningful changesin PROMIS instruments as an increase or
decrease of 5 or more points[55-57]. Specifically, we compared
median T-scores at each timepoint to their baseline values. We
defined worsened physical or mental QOL as a decrease of 5
or more points and worsened sleep as an increase of 5 or more
points. We separately calculated the percentages of patients at
each ePRO timepoint with elevated distress, defined as a
Distress Thermometer score of 4 or higher [58].

Given our small sample size, we did not perform any
longitudina modeling of ePRO data. All analyses were
performed using Stata (StataCorp) and R version 4.0.2 (R
Foundation for Statistical Computing).

Results

Enrollment and Baseline Char acteristics

Of the 20 patients approached between June 2020 and November
2020, 17 (85%) enrolled as outlined in Figure 1. However, 2 of
these 17 (12%) patients did not undergo planned SCT for
medical reasons and thus were replaced before DLC initiation.
Of the 15/20 (75%) remaining patients, 2 (13%) dropped out
of the study before coaching was initiated: one because shefelt
that the planned frequency of coaching would become too
intense during SCT hospitalization and another because of a
personal emergency (wildfire-rel ated evacuations) that prevented
her from coordinating a time to speak with her coach before
arriving to the hospital to undergo SCT. Thus, 13/15 (87%)
patients completed ePRO assessments beyond the baseline
assessment and were evaluable for our secondary endpoints of
QOL, emotional distress, and sleep disturbances.
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Figure 1. Flow diagram of enrolled patients. Abbreviations: DLC, digital life coaching; MM, multiple myeloma; SCT, stem cell transplantation.

20 patients initially approached for study

3 declined DLC study enrollment
+ 2 preferred their friends with MM
» 1 preferred their psychiatrist

v

17 patients enrolled in study

2 replaced due to screen failure
+ 2 did not undergo SCT for medical
reasons after study enroliment

v

15 patients evaluable for DLC feasibility

2 dropped out of study
+ 1 felt coaching too intense
* 1 unable to meet with coach pre-
SCT due to personal emergency

v

13 patients evaluable for all assessments

Baseline characteristics of the 15 patients evaluable for DLC
feasibility are summarized in Table 1. The median age of the
enrolled patients was 65 years (range 50-81 years); 4/15 (27%)
patients were 70 years or older at the time of SCT. The median
time between MM diagnosis and SCT was 7 months (range
4-108 months). A total of 4/15 patients (27%) had an Eastern

https://formative.jmir.org/2022/3/e33701

RenderX

Cooperative Oncology Group performance status of 1; the
remainder had a performance status of 0. Most patients (12/15,

80%) received full-dose melphalan conditioning (200 mg/m?)
prior to SCT. All patients were hospitalized for SCT, with a
median length of stay of 16 days (range 14-31 days).

JMIR Form Res 2022 | vol. 6 | iss. 3 |€33701 | p.163
(page number not for citation purposes)


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

JMIR FORMATIVE RESEARCH

Table 1. Baseline characteristics of evaluable patients (N=15).
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Characteristic

Value, n (%)

Ageat thetime of SCT? (years)
50-59.9
60-69.9
70-79.9

Female
Time since diagnosis (months)
0-11.9
212
Performance status
ECOG PS”0
ECOGPS1
Caregiver
Spouse
Other®
Melphalan dose (mg/m 2)
200
140

3(20)
8(53)
3(20)
1(7)

7(47)
8 (53)

11 (73)
4(27)

11(73)

4(27)

13 (87)
2(13)

12 (80)
3(20)

8SCT: stem cell transplantation.
PECOG PS: Eastern Cooperative Oncology Group performance status.

Other caregiversincluded an ex-spouse for one patient and a sibling for another patient.

Feasibility of the DLC Platform

Bidirectional conversations during the 16-week study period
are depicted in Figure 2. Of the 15 enrolled patients who
underwent SCT, 11 (73%) met our primary endpoint of ongoing
engagement. Of the remaining 4/15 (27%) patients, 2 (50%)
dropped out of the study prior to DLC initiation while an
additional 2 (50%) demonstrated ongoing engagement only for
thefirat 3 of the 4 study subperiods. For the 13/15 (87%) patients
who received any coaching, the median number of
conversation-days (defined as discrete days with at least one
bidirectional conversation) during the 16-week study period
was 18 (range 4-29). This corresponded to amedian engagement
frequency of 1 conversation every 6.2 days (range 3.9-28 days).
During inpatient hospitalizations, this corresponding frequency
was 1 conversation every 5.3 days (range 2.7-15 days). Of 240
conversation-days across 13 patients, 120 (50%) occurred via

https://formative.jmir.org/2022/3/e33701

SM S text messaging while 109 (45%) occurred exclusively via
phone calls. Of note, 69% (9/13) of patients never used emails
to engage with their coaches.

We did not formally request feedback from patients about the
DLC curriculum with respect to its feasibility or overlap with
existing clinical resources. However, 2/13 (15%) patients did
opt to reply at least once to automated ePRO assessment emails
(correspondences that were then forwarded to the study team
nonurgently). One patient wrote that her coach was “fantastic
for answering questions, hearing and airing concerns...and
mostly boosting hope, which is so very necessary in the MM
world.” A second patient’s caregiver responded to an automated
ePRO prompt inquiring about any additional medications for
the management of neuropathy; however, whether thisquestion
had been redirected to the study team by the patient’s coach
was not specified.
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Figure 2. Timeplot of bidirectional conversations. Days relative to SCT during which at least one bidirectional conversation took place are marked
either by unboxed X icons (for outpatient) or boxed X icons (for inpatient). The 16-week study subperiod is divided into four 28-day subperiods as
shown. * These patients underwent SCT but dropped out of the study prior to digital life coaching initiation. SCT: stem cell transplantation.
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016 X B® ® BOXK XX x XX X X X x x x X X
017 X< BmEs XX X X X X XX X %) X
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Days since SCT

S . both the physical and mental components of QOL nadired during
L ongitudinal Patient-Reported Outcomes the second week after SCT (median day +9). There were no
The results of ePRO assessments for the 13/15 (87%) patients  clinically meaningful exacerbationsin sleep disturbances during
who received any coaching are depicted in Figure 3. A total of  the study period when compared to baseline. A total of 69%
94% (147/156) of ePRO assessments were completed, with & (9/13) of patients exhibited elevated distress at baseline (median
mean time of 3.3 minutes (range 1.1-17.9 minutes) spent per  day -5) and at the second timepoint (median day +2); this
15-question assessment. The results of these assessmentswere  percentage decreased steadily in subsequent weeks to a nadir
not shared with patients’ coaches or clinical teamsat any point.  of 31% (4/13) in the eleventh week (median day +72).
Compared to baseline values assessed at a median of day -5,

Figure 3. Repeated ePRO assessments over time. For QOL (physical), QOL (mental), and sleep disturbances, values represent popul ation-adjusted
T-scoreswith amean of 50 and SD of 10. Higher values represent better physical/mental QOL and worsened sleep, respectively. For % elevated distress,
values represent the percentage of patients at each timepoint who reported elevated distress (defined as a Distress Thermometer score of 4 or higher)
[58]. ePRO: electronic patient-reported outcome; PROMI'S: Patient-Reported Outcome Measurement Information System; QOL: quality of life; SCT:
stem cell transplantation.
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Discussion

Main Findings

In our single-arm pilot study, wefound that DL C can befeasible
for selected patients with MM during the intensive 100-day
period encompassing autologous SCT. Although our study
enrolled patients immediately prior to 2-week hospitalizations
for myeloablative chemotherapy, the rate of ongoing patient
engagement of 73% over a 3-month period was similar to or
approached that of DLC-type interventions designed for
ambulatory survivors beyond day +100 after SCT [41,42].
Hospitalized patientswho underwent SCT in our study engaged
bidirectionally with their coaches approximately once per week
on average, a frequency comparable to that of unidirectional
mobile health apps for patient education or ePRO completion
[59,60]. Based on the positive results of this pilot study, a
randomized phase 2 study of DLC versus usua care in this
population is underway to investigate the efficacy of DLC
(Clinical Trials.gov NCT04589286).

One lesson learned from our study was the optimal timing of
supportive interventions during intensive cancer-directed
treatments. Our DLC intervention began on day -5 of SCT,
which preceded hospital admission for high-dose chemotherapy
by 2-3 days. Our rationale for this time frame was to focus on
the acute posttransplant period itself, atime during which QOL
isknown to decrease because of increased symptom burden and
acute life disruptions [11-15]. However, in contrast to 2 prior
studies that demonstrated that distress peaked at count nadir or
hospital discharge[3,15], thisstudy found that elevated distress
was highest at pre-SCT baseline. As a second observation of
note, our narrow pre-SCT window also precluded participation
for 1 of our 15 enrolled patients who was unable to connect
with her coach before hospitalization. Earlier initiation of DLC,
as we have implemented in our ongoing phase 2 study, may
allow coaches to intervene during emotional distress when this
symptom is at its peak while aso improving the logistical
adoptability of DLC for patients.

A second lesson learned from our study was the importance of
flexibility and bidirectiondity regarding how patients can engage
with coaches. Our DLC platform allowed patientsto call, text,
or email their coaches in the same ways in which they might
communicate with loved ones. All communications sent by
coaches were intentionally worded to encourage subsequent
responses from patients. Prior research has suggested that the
promotion of interactivity may improve patients' perceptions
of and patient engagement with digital platforms [61,62].
Although we did not formally test this hypothesis, these
characteristics may have enhanced the “stickiness’ of DLC
(defined asthe ease of continued use of a patient-facing platform
over time) [63] during the peri-SCT period. Asacounterexample
within digital oncology, the randomized Southwest Oncology
Group S1105 study of automated twice-weekly unidirectional
SM Stext messaging for women with breast cancer did not show
abenefit in its primary endpoint of medication adherence [64].
Theauthors posited that their approach may not have sufficiently
engaged patients to promote behavioral change.

https://formative.jmir.org/2022/3/e33701
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Limitations and Future Directions

Our study nevertheless had severa limitations; the most
important one was the limited external validity from our small
cohort of English-speaking patientswho owned persona mobile
phones. Although our intervention was deemed acceptable by
patients who were planning to undergo SCT (with 85% of
approached patients enrolling in the study), our patient
population was relatively homogenous with regard to race,
ethnicity, and marital status. Because racial and socioeconomic
barriers affect SCT access and post-SCT outcomes in patients
with MM [65,66], further investigation of this platform in a
broader population of patients is needed. Two active areas of
expansion for the DLC vendor include translation of content
into other languages and development of an entirely
landline-based curriculum (eg, using hospital-based phonesand
house-based phones) for patients who do not personally own
mobile phones.

Other limitations of our study include our inability to isolate
the specific coaching frameworks or themes that were most
useful for patients. While patients communicated with their
coaches approximately once per week on average, we did not
directly gauge patient rationales for DL C engagement at each
timepoint. As such, it is possible that patients may have
maintained interactions with their coaches out of politeness
rather than firm beliefs that the coaching was of value.
Elucidating the specific impact of DLC on ePRO assessments
of QOL isthus akey goal of our ongoing randomized phase 2
study. Furthermore, our ePRO results must be interpreted with
caution given the small sample size and the presence of DLC
itself asapotential confounder. Our finding that elevated distress
was most prevalent in the days immediately before and after
SCT was predicated on scores of 4 or higher on the
single-question NCCN Distress Thermometer, adefinition used
previously inthe SCT population [67,68]. It isunclear whether
the use of longer survey-based instruments to assess distress,
such asthe Brief Symptom Inventory or Impact of Event Scale,
would have yielded different results.

While DL C-type interventions have already been investigated
in ambulatory cancer survivors [32,33,36-39,41,42], thisisthe
first study to our knowledge to investigate DLC during a
hospital-based cancer therapy such as SCT. DLC offers 3
possible benefits over traditional face-to-facetools during such
intensive treatment modalities. First, although interventions
with substantial in-person components may be more likely to
improve distress in patients with cancer [69], additional
in-person visits may be impractical for patientsto attend in the
setting of acute symptomatic toxicities. In contrast, DLC allows
patients to access a centralized team of life coaches from the
convenience of their phones regardless of their current location.
Second, for patientswho interact frequently with their coaches,
“micro-learning” (a key functionality of mobile health tools)
[70] may enhancethe staying power of the coaching curriculum.
Third, as discussed previously, DLC can readily accommodate
individual patient preferences with regard to specific
communication modalities and cadences.

However, whether DLC can truly improve the quality of
supportive care during SCT requiresfurther investigation in our
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ongoing randomi zed phase 2 trial and subsequent investigations.
Similarly, given a plethora of ePRO instruments used to assess
QOL and distress in the hematopoietic stem cell transplant
population [71], the PROMIS Global Health Scale and NCCN
Distress Thermometer—both of which are relatively newer in
this patient popul ation—require further validation against longer
survey-based instruments such as the Functional Assessment
of Cancer Therapy Bone Marrow Transplantation or Brief
Symptom Inventory assessments. Expansion of DLC into other
transplantation settings, particularly for patients with acute
leukemia undergoing allogeneic SCT, is warranted given that

Banerjecet d

burden than those who undergo autologous SCT [11,72]. This
is an active area of investigation for our group.

Conclusions

Selected patients receiving high-dose chemotherapy followed
by autologous SCT can engage meaningfully with life coaches
using their phones, even during 2-week hospitalizations. A
randomized phase 2 study to assess the efficacy of DLC in this
population is underway. If future studies demonstrate the
effectiveness of DLC in improving QOL and symptom burden
during SCT, this type of intervention may eventually become

aroutinetool for supporting patient well-being during intensive
cancer-directed therapies.

patients who undergo allogeneic SCT have a higher symptom
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