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Abstract

Background: Among areas that have challenged the progress of dementia care has been the assessment of change in symptoms
over time. Digital biomarkers are defined as objective, quantifiable, physiological, and behavioral data that are collected and
measured by means of digital devices, such as embedded environmental sensors or wearables. Digital biomarkers provide an
alternative assessment approach, asthey allow objective, ecologically valid, and long-term follow-up with continuous assessment.
Degspite the promise of a multitude of sensors and devices that can be applied, there are no agreed-upon standards for digital
biomarkers, nor are there comprehensive evidence-based results for which digital biomarkers may be demonstrated to be most
effective.

Objective: Inthisreview, we seek to answer the following questions: (1) What is the evidence for real-life, home-based use of
technologies for early detection and follow-up of mild cognitive impairment (MCI) or dementia? And (2) What transformation
might clinicians expect in their everyday practices?

Methods: A systematic search was conducted in PubMed, Cochrane, and Scopus databases for papers published from inception
to July 2018. We searched for studies examining the implementation of digital biomarker technologies for mild cognitive
impairment or mild Alzheimer disease follow-up and detection in nonclinic, home-based settings. All studies that included the
following were examined: community-dwelling older adults (aged 65 years or older); cognitively healthy participants or those
presenting with cognitive decline, from subjective cognitive complaints to early Alzheimer disease; a focus on home-based
evaluation for noninterventional follow-up; and remote diagnosis of cognitive deterioration.

Results: Aninitial sample of 4811 English-language papers were retrieved. After screening and review, 26 studieswere eligible
for inclusioninthereview. These studiesranged from 12 to 279 participants and lasted between 3 daysto 3.6 years. Most common
reasons for exclusion were as follows: inappropriate setting (eg, hospital setting), intervention (eg, drugs and rehabilitation), or
population (eg, psychiatry and Parkinson disease). We summarized these studies into four groups, accounting for overlap and
based on the proposed technological solutions, to extract relevant data: (1) data from dedicated embedded or passive sensors, (2)
data from dedicated wearable sensors, (3) data from dedicated or purposive technological solutions (eg, games or surveys), and
(4) data derived from use of nondedicated technological solutions (eg, computer mouse movements).

Conclusions: Few publications dealt with home-based, real-life evaluations. M ost technol ogies were far removed from everyday
life experiences and were not mature enough for use under nonoptimal or uncontrolled conditions. Evidence available from
embedded passive sensors represents the most relatively mature research area, suggesting that some of these solutions could be
proposed to larger populations in the coming decade. The clinical and research communities would benefit from increasing
attention to these technol ogies going forward.
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Introduction

Dementia and New Technologies

Interest in technologies as solutions for the challenges of
dementia is high. Despite a plethora of technologies ranging
from companion robots to fully functional smart home
assessment environments, development and adoption has been
dow or inconsistent [1]. In general, there is awide spectrum of
opinion about the utility of these technol ogies; these range from
convinced technophiles, who believe that new technologies,
particularly information and communi cation technologies (ICT)
and artificial intelligence (Al), will revolutionize medicine, to
skeptics or those not interested at all or who are even fearful of
potential outcomes.

Among the most important areas that have chalenged the
progress of dementia care and treatment has been the assessment
of those affected, those who are either at risk or presymptomatic,
as well as those with clear, manifest symptoms [2,3]. At the
root of this challenge is the need to identify symptoms and,
most importantly, identify change in symptoms over time [3].
The latter is the essence of the diagnosis of dementia (ie, that
there is a change from a prior state of normal cognition to a
point where function is disturbed) [4,5]. This fact drives the
basic approach that every clinician involved in mild cognitive
impairment (MCI) and dementia assessment and care follows
intheir practice. It resultsin the need to assess, through careful
history taking and neuropsychological assessment, whether a
patient is experiencing change that reflects underlying
neuropathology. It is vital to directing appropriate therapies
[4,5].

Digital Biomar kers Development

To aid in the more precise assessment of patients, clinicians
increasingly use biological and imaging biomarkers (eg,
cerebrospina fluid and positron emission tomography) to
determinethe patient’s particular risk for devel oping Alzheimer
disease (AD) and other dementias, as well as to differentiate
the dementia type [6-8]. Although these biomarkers are an
advance to the current diagnostic schemas widely promoted
[4,5], these now conventional biomarkers face several
limitations: they are expensive, difficult to access, invasive or
inconvenient, and they do not accommodate a high-frequency
measurement  strategy. In addition, clinical and
neuropsychological assessments, although remaining the core
gold standard, are time-consuming, require self-report, and are
subject to interassessor variability. More importantly, they are
performed at discrete pointsin time in contexts that can affect
their sensitivity (eg, patient comorbid conditions, medications,
motivation, etc).

To improve this current clinical paradigm, digital biomarkers
provide an alternative and rapidly devel oping approach. Digital
biomarkers are defined here as objective, quantifiable,
physiological, and behavioral data that are collected and

http://www.jmir.org/2019/8/e12785/

measured by means of digital devices, such as embedded
environmental sensors, portables, wearables, implantables, or
digestibles. Digital biomarkers allow objective, ecologically
valid, long-term follow-up with frequent or continuous
assessment that can be minimally obtrusive or function in the
background of everyday activity. Further, these fregquent
measures can captureintraindividual variability in performance
that may be the earliest indicator of change [9-12] and thus
detect subtle health transitions (eg, healthy to MCI). Even more
potentially transformative, this approach may also alow usto
discover novel and innovative digital indicators, such as
gait-speed variability over time [11,13] or computer use
metadata [10,14].

The adoption of these methodologies has been hampered by a
number of factors [15,16]. The approach requires an
interdisciplinary team, there is a multitude of sensors and
devicesthat can be used, and there are no agreed-upon standards
for these digital biomarkers. Most importantly, there is not a
large evidence base indicating which standards are most
effective. Much of theliterature focuses on anarrow perspective
using a single device or technology (eg, a wearable or a
cognitive testing app). Most research has been limited to small
numbers of participants assessed in a smart apartment or
bioengineering laboratory. However, there is a growing
movement in this research areato bring the technol ogies out of
the laboratory and to the larger community in so-called “living
lab” or “life laboratory” settings. The focusin these settingsis
to develop and confirm the utility of these technologiesin the
everyday environment of older adults’ homes. In this review,
we take stock of this research to answer the following questions:
(1) What is the evidence for real-life, home-based use of
technologies for early detection and follow-up of MCI or
dementia? And based on this current evidence, (2) What
transformation might clinicians expect in their everyday
practices?

Methods

Information Sources and Study Selection

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement [17]. A
systematic search was conducted of PubMed, including the
Ingtitute of Electrica and Electronics Engineers (IEEE);
Cochrane; and Scopus databases. We searched for papers
published from inception to July 14, 2018, for original research
studies examining the implementation of ICT for MCI to mild
AD follow-up and detection in real-life settings. We used the
following Medical Subject Headings (MeSH) search termsand
keywords. “clinical trial,” “evaluation,” “assessment,’
“Alzheimer*” “cognitive impairment,” “MCI,” “dementia,’

“cognition,” “technology,” “telehealth,” “telemonitoring,”
“e-health,” “internet,” “sensors,” “global positioning system,”
“phone” “smartphone*,” “computer,” “tablet,” and “smart

home*.” We updated search terms after an initial review of our
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searchyield. We only considered English-language publications.
Additional articleswere obtained by scanning reference lists of
literature collected on that basis. Two reviewers (AP and KW)
conducted initial eligibility screening based on title and abstract,

Figure 1. Flow diagram of the study selection process.

Piau et al

followed by assessment of full-text versions (see Figure 1 for
more details). Any disagreements were resolved by consensus
after athird opinion (JK).

Records 1dentified through
database searching

Additional records identified

through other sources

(n=69)

(n=4811)

l

(n=4880)

Records screened

h 4

(n=173)

Full-text articles
assessed for eligibility

l

(n=26)

Studies included in
qualitative synthesis

Excluded during title
¥ screening (n=4369)
v Excluded during
abstract screening
(n=338)
\ -
i Excluded during full-
text screening (n=147)
el

Eligibility and Exclusion Criteria

Published studies that included the following were considered
for inclusion: community-dwelling older adults (aged 65 years
or more); healthy participants, if cognitive status was monitored,
or those presenting cognitive decline (ie, from subjective
cognitive complaintsto early AD); afocus on home-based ICT
evaluation for follow-up; and remote diagnosis of cognitive
deterioration. Studies were excluded if they did or did not do
the following: did not include data-generated results; included
only moderate-to-severe AD; focused on caregiver support (eg,
social support); focused on behavioral and psychological
symptoms of dementia management (eg, global positioning
system [GPS]-based wandering tracking); or took place in a
controlled area (eg, smart, simulated, apartment laboratory or
single-test home). Computerized cognitive tests, which mostly
involve online evaluation at discrete points in time without
longitudinal continuous assessment, have already been reviewed
elsewhere [18,19].

Search Results

Theinitial search yielded atotal of 4811 records. Articleswere
screened based on titles and abstracts, of which 173 full-text
versionswere assessed for inclusion. A total of 26 studieswere
finally eligible for inclusion in the review. There was an initial
disagreement on eligibility between the two reviewers (AP and
KW) concerning only 2 studies, which were finally excluded
after consensus between three reviewers (JK, AP, and KW)
because they evaluated sporadic, computerized, online testing
rather than longitudinal follow-up. The most common reasons
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for exclusion were asfollows: inappropriate setting (eg, hospital
setting), intervention (eg, drugs and rehabilitation), or population
(eg, psychiatry and Parkinson disease). Because of the great
heterogeneity across selected studiesin this devel oping research
field, we did not perform a meta-analysis.

Results

An initial sample of 4811 English-language papers were
retrieved from three electronic databases. After screening and
review, 26 studieswere eligible for inclusion in the review (see
Tables 1-5) [10-14,20-40]. These 26 studies were observational
studies taking place at home with community-dwelling older
people, which is in line with the scope of the review. Sample
sizeranged from 12 to 279 participants. Mean age ranged from
64 to 89 years and percentage of female participants ranged
from 49% to 92%. A total of 10 studies were considered
comparative studies. Cognitive status was measured, with
various methodological quality. Therewasawide range of study
duration, from 3 days to 3.6 years of follow-up.

We summarized and classified these 26 studiesinto four groups,
although there was overl ap, based on the proposed technol ogical
solutions to extract relevant data: (1) data from dedicated
embedded or passive sensors, (2) datafrom dedicated wearable
sensors, (3) data from dedicated or purposive technological
solutions (eg, games or surveys), and (4) data derived from use
of nondedicated technological solutions (eg, computer mouse
movements). A fifth group includes solutionsthat fall into more
than one category.
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Table 1. Summary of 9 studies that included data from dedicated embedded or passive sensors in homes and cars (Group 1).
First author Technology description Study description: design; Cognitive statusand number of Main results
(year), country number and type of subjects participants; age; number of
(number living loné? if rele-  Maleand/or female participants
vant) and setting; duration
Hayes (2008),  Infrared motion sensors and Comparative observational Healthy group (n=7, CD Rb:O, Walking speed and activity of
United States ~ magnetic contact door sensors  study; 14 elderly living alone MMSES 24) M MCI group was more variable
[13] in the community; 6-month h CD_R—())’ 5 M M%rg lipz 2)- than that of the cognitively
follow-up (mean 315 days, SD (n=7, SN 224); healthy controls.

Suzuki (2010),
Japan [20]

Kaye (2012),
United States
[21]

Dodge (2012),
United States
[11]

Hayes (2014),
United States
[22]

Petersen (2015),
United States
[23]

Dawadi (2016),
United States
[24]

Urwyler (2017),
Switzerland
[29]

Seelye (2017),
>United States
[26]

Passive infrared sensors to
record in-house movements

Unobtrusively measures every
instance of walking past aline
of four passiveinfrared motion
sensors fixed sequentially on
the ceiling

Passive infrared sensors fixed
in series on the ceiling of the
homes

Infrared motion sensors and
magnetic contact door sensors

Total out-of-home daily time
in hours assessed unobtrusively
using an in-home activity sen-
sor platform (eg, infrared sen-
sorsin each room and contact
sensors on the doors to the
home)

Smart homes: combination
motion and light sensors on the
ceilings and combination door
and temperature sensors on
cabinets and doors

In-home, wireless, unobtrusive
sensors network to detect activ-
ities of daily living

Continuous routine driving-
monitoring using an unobtru-
sive driving sensor: passive
sensing device plugged into
participants' vehicles data port

82)

Observational study; 50 elderly
living alone in the community;
1-year follow-up

Observational study; 76 persons
living alone and independently;
4-week period

Observational longitudinal
study; 93 elderly living alone
at home independently; mean
follow-up of 2.6 years (SD 1.0)

Comparative, observational,
cross-sectiona study; 45 elder-
ly living independently and
alone; 26 weeks

Observational study; 85 inde-
pendent ol der adults who lived
alone; 1 year

Observationa study; 18 commu-
nity-dwelling seniorsliving
aone; 2 years

Comparative observational
study; 20 participants living
alone; 20 consecutive days

Observational study; 28 older
adults living at home: 19 of 28
(68%) lived alone; average of
206 days

mean age 89.3 years; 5 males,
9 females

MM SE >24; mean age 80.9
years; participant gender NC®

Mean MM SE=28.3; mean age
85.9 years; 86% women

54 cognitively intact, 8 with
aMCl’, 31 with naMC19; mean
age 84.9, 84.5, and 83.8 years,
respectively; 88%, 84%, and
91% women, respectively

16 MCI, 29 cognitively intact;
mean age 87 years, 89% female

75 (CDR=0), 10 (CDR=0.5);
mean age 86.4 years; 87% fe-
male

7 cognitively healthy, 6 |ow-
ered performance, or cognitive
difficulties (1 dementia, 4 MCI)
(MMSE NC); age 84.7 years;
5 females, 13 males

10 dementia, 10 healthy con-
trols (MM SE=29.1 vs 23.0);
age 76.7 vs 73.9 years; 70%
female in both groups

21 intact cognition, 7 MCI (av-
erage MM SE=28.6); mean age
82.0 years, 62% female

Association between lower
numbers of outings with de-
crease of indoor movements
and cognition declines.

Faster speeds were correlated
with better cognitive test
scores.

Daily walking speeds and their
variability are associated with
naMCl; naMClI presented a
slowing of walking speed over
3years. Thehighest and lowest
variability were also found to
be predominantly associated
with naMCl.

aMCl volunteers had less dis-
turbed sleep than both naMCl
and cognitively intact volun-
teers, as measured by move-
ment in bed, wake after sleep
onset, and times up at night.

More hours spent outside the
home was associated with bet-
ter cognitive function.

Statistically significant correla-
tion between sensor-based daily
activity behaviorsand clinician-
provided cognitive assessment
scores.

Activity differed significantly
between the healthy and dis-
eased participants.

MCI participants drove fewer
milesand spent lesstime on the
highway per day than cognitive-
ly intact participants. MCI
drivers showed | ess day-to-day
fluctuations in their driving
habits.

#The number of participants living alone is specified when the information is relevant; for example, for ambient sensors but not for wearables devices.
BCDR: Clinical Dementia Rating.
°MMSE: Mini Mental State Examination.
dmcl: mild cognitive impairment.

ENC: not communicated.

http://www.jmir.org/2019/8/e12785/

RenderX

JMed Internet Res 2019 | vol. 21 | iss. 8 |€12785 | p.10

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

faMCl: amnestic MCI.
9aMCl: nonamnestic MCI.

Piau et al

Table 2. Summary of 6 studies that included data from dedicated wearable sensors: accelerometers and GPS?-based solutions (Group 2).

First author
(year), country

Technology description

Study description: design;
number and type of subjects

(number living aone®, if rele-
vant) and setting; duration

Cognitive status and number of
participants; age; number of
male and/or femal e participants

Main results

Westerberg Sleep monitoring with awrist- Comparative observational 10 aMCIC patients Actigraphy parameters failed
(2010), United  worn activity sensor device study; 20 volunteers; 2 weeks d_ to reveal significant differences
States [27] (MMSE"=27.8), 10 controls between groups.

Shoval (2011),

Tracking using alocation kit: a

Observationa study; 41 commu-

(MMSE=29.3); mean age 71.1
and 72.5 years, respectively; 8
and 7 females, respectively

13 healthy, 21 MCI®, 7 mild

The spatia range of the mobili-

Israel [28 GPS with radio frequen nity-dwelling participants; 28 . ty of elderly peoplewith cogni-
2 identification e da))//s P P dementia (MMSE and COR' ti)</e impai r)r/n%nt?s severelc))/gre
NC9); meanage72.9,78.3,and  gricted, with most out-of-home
81.9 years, respectively; 54%  time spent in close proximity.
female
Tung (2014),  GPS-enabled mobile phone Observational comparative 19 mild-to-moderate AD" GPS-derived area, perimeter,
Canada[29] study; 52 older adults; 3days (M SE=23.1), 33 controls and mean distance from home
(MMSE NC); mean age 70.7 were significantly smaller in
and 73.7 years, respectively; the AD group compared to
40% and 64% female, respec-  controls.
tively
Wettstein Mobility data: questionnaires  Observational comparative 35 mild AD (mean Questionnaire-based cognitive-
(2015), Ger- and GPSreceiver withaglobal  study; 257 older adults; 4 MMSE=24.1), 76 MCI (mean |y demanding activities showed
many and Israel  system for mobilecommunica-  weeks MMSE=27.0), 146 healthy asignificant difference between
[30] tions modem and a monitoring persons (mean MM SE=28.6); MCI and cognitively healthy
unit in the home age 74.1, 72.9, and 72.5 years, participants, and a significant
respectively; 49% female difference between AD and
cognitively healthy participants.
Takemoto GPS and accelerometer Observational study; 279 older MMSENC; meanage83years, Number, distance, and minutes
(2015), United adults; 6 days 71% femae of pedestrian trips, aswell as
States [31] vehicle trips were not associat-

Mancini (2016),
United States
(32

Quality and quantity of turning
during normal daily activities
by wearing threeinertial sen-
sors (one on their belt and two
on shoes) during the day

Observational study; 35 elderly
adults: 16 nonfallers, 12 one-
timefallers, and 7 recurrent
falers; 7 days

Nonfallers(MMSE=28.3), one-
timefalers (MM SE=28.9), re-
current fallers (MM SE=28.0);
age 83.9, 86.0, and 88.4 years,
respectively; 66% female

ed with cognitive functioning.

Visuospatial and memory
function scores were associated
with quality of turning.

8GPS: global positioning system.
P The number of participants living alone is specified when the information is relevant; for example, for ambient sensors but not for wearables devices.
€aMCl: amnestic MCI.

dMMSE: Mini Mental State Examination.
EMCI: mild cognitive impairment.

fCDR: Clinical Dementia Rating.

9INC: not communicated.

"AD: Alzheimer disease.
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Table 3. Summary of 6 studies that included data from dedicated or purposive | CT®monitoring solutions, such as phone-based automated interviews,
Nintendo Wii, and virtual reality (Group 3).

First author
(year), country

Technology description

Study description: design;
number and type of subjects
(number living aloneb, if rele-
vant) and setting; duration

Cognitive status and number of
participants; age; number of
mal e and/or femal e participants

Main results

Mundt (2007),  Use of IVRE technol ogy (ie, Observational comparative 36 cognitively normal, The automated administration
United States  pressing keys) to administer  Study; 107 community-dwelling  (\msgd=28.1), 37 MCI® of IVR simple cognitive tests
(33] simplecognitiveevaluationsby ~ Participants; 24 weeks: IVR (M SE=25,6), 34 milddemen- Viaphone calls reliably and
phone during a 20-minute, administered at home at weeks {3 (MMSE=20.0); meanage ~ Vaidly discriminated cognitive
computer-automated telephone 4 12, and 20 76.7 years, 42% female functioning among normal,
call MCI, and mild dementia.
Allard (2014), Monitoring of behavior, seman- Observational study; 60 older 60 healthy participants (mean ~ Magnetic resonance imagery
France [34] tic memory performance, and  adults; 7 days MMSE=27.0); mean age 75.1 markersweresignificantly asso-
daily life experiences using a years; 45% female ciated with mobile assessments
personal digital assistant five of semantic memory perfor-
times aday mance.
Brown (2016), Touch screen systemto assess  Observational study; 40 commu- 40 healthy participants (mean  Convergent validity with, and
United King- multipledomainsof healthand nity-dwelling adults; threeperi- MMSE=28.63); meanage 72  similar levels of, reliability to
dom [35] behavior; cognitive tasks ods of approximately 7 days  years; 24 females, 16 males the standard cognitive battery.
scheduled once per day
Seelye (2016), Completion of ashort 12-item  Observational study; 83inde- 59 healthy (MMSE=28.8), 24  Online questionnaire perfor-
United States ~ weekly online questionnaireof  pendent, community-dwelling MCI (MMSE=27.4); meanage mance significantly correlated
[36] health and lifeevents, adminis- older adults; 1 year 86.2 and 87.9 years, respective-  to cognitive test. MCI partici-
tered on desktop computers ly; 88% and 75% female, re-  pants submitted their question-
spectively nairesprogressively later inthe
day and they needed greater
assistance from staff as com-
pared with intact participants.
Zygouris Tablet personal computer with  Comparative, two-arm, observa- 6 healthy and 6 MCI; mean 64 Performances to complete the
(2017), Greece  software enabling the self-ad-  tional study; 12 elderly living  years; 3 males, 9 females given exercise differed signifi-
[37] ministration of acognitiveas-  at home; 1-month follow-up cantly between healthy and
sessment through virtual reality MCI groups, yielding a correct
classification rate of 92% for
MCI detection.
Leach (2018), A Nintendo Wii balance board Observational study; 20 healthy Mean MM SE=28.6; mean age Linear relationships were ob-
United States  used to quantify postural sway community-dwelling elderly;  87.0 years; 65% females served between the day-to-day
[38] twicedaily, under asingle-task 30 days variability in postural sway and

condition and under adual-task
condition, using adaily word-

search task administered viaa
Nook tablet

cognitive status.

8 CT: information and communication technologies.

®The number of participants living alone is specified when the information is relevant; for example, for ambient sensors but not for wearables devices.
YIVR: interactive voice response.

dMMSE: Mini Mental State Examination.

EMCI: mild cognitive impairment.
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Table4. Summary of 4 studiesthat included data derived from nondedicated | CT? solutions use, for example, secondary analysis of everyday computer
use and pill box use (Group 4).

First author
(year), country

Technology description

Study description: design;
number and type of subjects
(number living aloneb, if rele-
vant) and setting; duration

Cognitive status and number of
participants; age; number of
male and femal e participants

Main results

Hayes (2009),
United States
[39]

Kaye (2014),
United States
[10]

Seelye (2015),
United States
[40]

Austin (2017),
United States
[12]

Adherenceto atwice-daily vita-
min C regimen measured using
an electronic 7-day pill box

Remotely monitored computer
use

M ouse pointer movement vari-
ables were computed during
routine home computer use us-
ing agorithms that identified
and characterized mouse
movementswithin each comput-
€r use session

Computer monitoring software
used to track the terms people
entered while conducting Inter-
net searches as a measure of
language and cognition

Observational cross-sectional
study; 38 participantslivingin-
dependently inthe community;
5 weeks

Comparative observational
study; 113 elderly living inde-
pendently and alone or who
were the only computer user;
mean 36-month follow-up

Observational comparative
study; 62 older adults living at
home alone or who were the
only computer user in the
household; 1 week

Observationa study; 42 commu-
nity-dwelling older adults liv-
ing alone; 6 months

A high cognitive function

group (MMSE®=28.8) and a
low cognitive function group
(MMSE=28.0); mean age 82.8
years; 68% female

38 MCI%and 75 cognitively
intact; mean age 85 years; 92%
female

42 hedthy (MM SE=28.8), 20
MCI (MM SE=27.3); mean age
87.9 and 87.5 years, respective-
ly; 88% and 80% female, re-
spectively

Cognitively intact, with the ex-
ception of 1 participant (CDR®
score =0.5, suggesting MCI);
average age 81.1 years; 83%
female

The low cognitive function
group was significantly less
adherent than the healthy el-
ders. Very mild cognitive im-
pairment had adetrimental and
significant impact on medica-
tion adherence.

Decrease in number of days
with use, mean daily usage, and
an increase in day-to-day use
variability in MCI subjects.

MCI was associated with mak-
ing significantly fewer mouse
moves and making mouse
movements that were more
variable, less efficient, and with
longer pauses. Mouse move-
ment significantly associated
with several cognitivedomains.

Individuals with higher cogni-
tive function used more unique
terms per search and employed
less-common termsin their
searches.

4 CT: information and communication technologies.

B The number of participants living alone is specified when the information is relevant; for example, for ambient sensors but not for wearables devices.
°MMSE: Mini Mental State Examination.
dmct: mild cognitive impairment.
€CDR: Clinical Dementia Rating.

Table 5. Summary of asolution that falls into more than one category (Group 5).

First author
(year), country

Technology description

Study description: design;
number and type of subjects

(number living alone?, if rele-
vant) and setting; duration

Cogpnitive status and number of
participants; age; number of
mal e and/or femal e participants

Main results

Seelye (2018),
United States
[14]

Weekly online survey metadata
metrics based on survey engage-
ment patterns

Observationa study; 110
healthy older adults; 3.6-year
follow-up

110 with intact cognition at the
beginning and 29 transitioned
toMCIP during study follow-
up (MM SE®=28.8); mean age
84.8 years, 77% female

At baseline, incident MCI par-
ticipants completed surveys
later in the day than cognitively
intact participants. Longitudinal-
ly, incident MCI participants
showed an increase in survey
completion time compared with
cognitively intact participants.

#The number of participants living alone is specified when the information is relevant; for example, for ambient sensors but not for wearables devices.
bMCI: mild cognitive impairment.
°MMSE: Mini Mental State Examination.

In the first group (ie, embedded dedicated sensors), we can
principally cite smart home technologies [11,13,20-25] and
smart car technologies [26]. Studies in the second group (ie,
data from wearable dedicated technologies) mainly rely on
accelerometers and GPS solutions[27-32]. Thethird group (ie,
dedicated ICT solutions) imply 1CT-supported monitoring

http://www.jmir.org/2019/8/e12785/

solutions [33-38]. These mainly employ online surveys or
touch-screen tests [34-36] as well as computer-automated
telephone calls [33] or a Nintendo Wii-dedicated game [38].
Thefourth group (ie, monitoring of nondedicated ICT solutions
use) consists of secondary analyses of commonly used
technologies, including everyday computer use [10,12,40] and

JMed Internet Res 2019 | vol. 21 | iss. 8 |12785 | p.13

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

pill box use [39]. Thefifth group included one study that dealt
with monitoring of dedicated ICT solutions using survey
metadata metrics analysis[14].

Discussion

Evidence for Real-L ife, Home-Based Use of
Technologies

The first aim of this paper was to provide an overview of
technologies for real-life early detection and follow-up of
cognitive function to practicing clinicians involved in
management of AD and related disorders. A total of 26 studies
wereidentified, with avariety of technologiesand awide range
of study duration and sample size. The first key observation is
that compared to the overall number of publicationsin thefield,
few papers dealt with home-based, real-world evaluations. Most
excluded articles focused on technology functionality, tests of
technical aspectsin laboratory settings, and focused eval uations
in single or a few test-bed homes or hospital settings. Most
technologies were far removed from everyday life experiences
or widely disseminated implementation in the community.
Among the included study types, the first (ie, embedded
dedicated sensors), the third (ie, dedicated ICT solutions), and
thefourth groups (ie, monitoring of nondedicated ICT solutions
use) have the common advantage of unobtrusiveness. They rely
on everyday life observation without any, or very minimal,
participant involvement. The fact that these are among the
longest studiesin thisreview, up to several years, likely speaks
to the passive nature of the technologies. Severa studiesin the
third group are partly similar to studies of computerized online
tests, with the difference that a longitudina follow-up and a
self-administration of nonconventional cognitive tests at home
isevaluated [ 34-36]. In contrast, wearabl e technology (eg, GPS
and wrist-worn device) studies are generally short-term studies.
This may be explained by the difficultiesin implementing such
solutionsin real-world settings, asthey demand more extensive
end-user participation (eg, remembering to wear or charge the
device) in this older adult population with various levels of
cognitive impairment and technical capacity.

The exclusive use of ambient passive sensorsin homesand cars
does not guarantee good acceptability to end users. As an
example, people may have an intrusive perception of a 3D
camera or microphones. However, authors do not report any
acceptability issues for experiments involving infrared,
temperature, humidity, luminescence, and magnetic door contact
sensorsor driving sensors[11,13,20-26]. Studies on monitoring
the use of personal computers have yielded comparable results
[10,22,40]. However, this has only been validated in a select
population thus far, as discussed in the Limitations section
below, and acceptability outcomes are not always reported.

The completion rate of repeated remote assessmentsusing ICT
monitoring solutions was high, generally above 80% [33-35].
Over alonger period of time, Seelye et al [14,36] reported that
online weekly health forms were submitted on schedule 75%
of thetime. Using a Nintendo Wii balance board, Leach and &
[38] found an average of 3 days of missing posture and cognitive
data over the 30-day observation period for each subject.

http://www.jmir.org/2019/8/e12785/
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For the wearable devices, most studies do not report
acceptability issues, such as refusal rate at inclusion and
adherence data during follow-up. Mancini et a [32] reported
that all 35 participants complied with the protocol (ie, wearing
inertial sensors) for 7 consecutive days, while Shoval et al [28]
found that participants actively wore the device for 88% of the
days. Finally, Wettstein et a [30] reported that the major reasons
given to refuse participation in their study were distrust and fear
of being observed. In the case of wearables, samplesare smaller
and/or durations are shorter, which limits comparisons.

What Transformation Might Clinicians Expect?

With advances in monitoring technologies, we can anticipate
what clinicians might expect in their practice in the coming
years. A mgjor limitation of all these studiesis the selection of
volunteersthat are relatively homogeneous (ie, white, educated,
receptive to technology, and living in urban areas). If, in the
future, there is wider use of ICT and digital biomarkers in
clinical practice, a perceived advantage of technologies over
traditional biomarkers, we need to develop ICT in away that
ensuresits acceptance and usability under nonoptimal conditions
for long periods of time. Most of the solutions presented in these
studies are not mature enough for this goal.

The evidence base from dedicated embedded sensors (Group
1) seemsto bethe most matureresearch areain thisfield. There
is evidence that these sensor-based technologies are sensitive
to detecting cognitive and functional change. Nevertheless, this
is still an area of active research, not yet translated into wide
clinical adoption. Severa advances are needed. Most studies
dealing with embedded sensors are limited to participantsliving
alone. It remains technically complex to disambiguate activity
in multi-person homes in a real environment. New sensing
approaches and data fusion algorithms are in development, but
thisremainswork in progress. Dedicated home systemsrequire
installation, which can be a barrier to wider dissemination.
Several approachesto this need have been devel oped, including
prepared field kits(ie, “ sensorsinabox™) for ready deployment
[41] and online video installation guides [15]. With these and
other advances, one can reasonably anticipate that some of these
solutions could be proposed in everyday care to a large
population in the coming decade. The Collaborative Aging
Research Using Technology (CART) Initiative [42] in the
United States is a multi-site, nationwide project that uses
multiple embedded sensing technology and diverse data to
facilitate research in the field of independence and health of
ol der adults from diverse communities. Funded by the National
I nstitutes of Health and the Department of Veterans Affairs, the
CART Initiative has been designed to enable expansion of the
home-based sensing platform to 10,000 homes acrossthe United
Statesin several years.

Dedicated wearable sensors (Group 2) have severa barriersto
overcome before readiness for large community-wide
implementation. They have been perceived as obtrusive and
stigmatizing. Although their adherence rate may belower, their
great advantages arethat their useisnot limited to peopleliving
alone and they can provide both indoor and outdoor information.
We believe, however, that significant progress can be made by
improving both their accuracy [43] and their development and
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evaluation processes. Technical-centered development of these
devices in laboratory settings disregards the barriers to
successful implementation in real-life situations and, more
particularly, acceptability for unselected (eg, low computer
literacy and cognitively impaired) populations. This real-life
implementation depends on technical improvements for
deployment in suboptimal contexts (eg, uncertain Internet
coverage) and on the end user’s acceptability. In recent years,
several research teams have tried to design creative multiphase
studies, applying iterative modifications of a proposed digital
technology-associated solution or using participatory design
approaches [44,45]. Living laboratory, iterative design
approaches, here defined as a “research method which brings
together end users, developers, and health professionals in a
cocreation and evaluation process,” introduce an intermediate
phase closer to real life before deployment. Participatory design
methodology aso emphasizes the involvement of users
throughout the innovation process. Widespread diffusion of
these concepts in medical research has not yet been achieved.
However, health-related functions of dedicated wearable devices
have become commonly offered in routine use devices (eg, GPS
and accelerometers) and hopefully will beintegrated in amore
efficient way for health usein the near future [46,47].

Dedicated ICT solutions (Group 3), such as embedded
assessment algorithms within home-based cognitive computer
games, remains a promising area [48]. Surprisingly, few trials
evaluated such solutions in a home environment. Trials
involving mobile phone apps are also promising, notably in the
psychiatry field [49,50], but they are not at an advanced stage
in the dementiaresearch area of interest, other than assessments
taking placein adedicated place with the presence of an operator
outside of the home [51-53]. Finally, apromising field isin the
monitoring of nondedicated ICT solutions (Group 4), as they
have the advantage of unobtrusiveness in common with the
embedded dedicated sensors (Group 1), and they do not require
theinstallation of dedicated devices. Thisareaislimited by the
willingness of this population to adopt ICT solutions in their
everyday lives. Nevertheless, generations follow one another,
and future older adults may be more likely to be interested in
new technologies. In that case, assessing those solutionsin an
ideal target population may be seen as less of alimitation if a
large dissemination is expected within the next 5-10 years.

The wider adoption for al these technologies will require
particular attention to specific use cases, ranging from detecting
early cognitive decline to assessing change in function during
treatment; ease of deployment; data provenance and analysis;
and creating not just evidence for efficacy but evidence for
effectiveness. Thefirst drivers of thistransformation will likely
be the research community and the growing adoption of
community-based studies. Clinical trials in particular are an
area where this approach is very promising. Often, proof of
efficacy in trials leads to practice adoption.

http://www.jmir.org/2019/8/e12785/

Piau et al

Limitations

Asaready stated by Pillai et a [54], keywords describing ICT
and Al vary and they are not always specified in the papers, as
thisresearch field is not yet mature. Nevertheless, it isunlikely
that we have missed many relevant studies, as we chose the
broadest possible key search terms and followed up with an
extensive hand search of full-text references and key terms.
Promising results from studies related to screening and
assessment rather than follow-up [55,56], or conducted in
controlled settings, are not presented in this paper. All the
studiesreviewed herewere conducted in real -life homes of older
adults. Several issues were not highlighted in this paper,
including health inequalities [57], ethical issues, data security,
information overload for clinicians, and business models of
technology implementations, among others. These key issues
also need to be addressed early during the evaluation and
development process of health technology research, before
larger dissemination can occur [58].

Conclusions and Future Research Directions

The studiesincluded in this review cover adiversity of designs
and approaches representing many new avenues of research.
Thereis no conclusive evidence at this stage on the superiority
of one or many digital biomarker assessments over others. This
is anew area of research. Even for studies based on the same
cohortsand, therefore, on comparable populations and locations,
the technologies used (eg, driving or computer tracking), sample
sizes engaged, and dstatistical methods differ. For similar
outcomes of interest (eg, activity), thereisawiderange of digital
biomarkers: walking speed, overall activity, outdoor time, etc.
It is difficult to know which biomarkers will be most relevant
for broader future applications. Further, it isnot yet clear which
outcomes are best correlated with cognitive decline or, more
generaly, with mental health. Choices will probably initially
focus more on the ease of implementation of atechnical solution
in a given environment than on direct comparisons as to their
accuracy, a comparison that is difficult to make in practice.

Nevertheless, monitoring cognitive and functional domains
using ICT deviceswill grow rapidly and will likely involve Al
[59,60] and innovative biomarkers derived from such methods
as automated speech and language analysis, motor performance
assessments, computer use abilities, and online questionnaire
responses and their metadata. These advanceswill facilitate the
transition to proactive, personalized, and participatory medicine.
In achieving thisgoal, the gap between real-lifeclinical practice
and clinical research will be narrowed with clinical trias
reflecting patients typical activities and outcomes [3,41].
Integration of heterogeneous data (eg, environmental data and
multiple biomarkers) will improve our understanding and
management of cognitive decline; accordingly, some of these
solutions may become adopted into everyday care among the
wider population in the coming decade.
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Abstract

As Facebook continuesto grow its number of active users, the potential to harness data generated by Facebook users also grows.
As much of Facebook users activity consists of creating (and commenting on) written posts, the potential use of text data for
research isenormous. However, conducting a content analysis of text from Facebook users requires adaptation of research methods
used for more traditional sources of qualitative data. Furthermore, best practice guidelines to assist researchers interested in
conducting qualitative studies using data derived from Facebook are lacking. The purpose of this primer was to identify
opportunities, aswell as potential pitfalls, of conducting qualitative research with Facebook users and their activity on Facebook
and provide potential optionsto address each of these issues. We begin with an overview of information obtained from aliterature
review of 23 studies published between 2011 and 2018 and our own research experience to summarize current approaches to
conducting qualitative health research using data obtained from Facebook users. We then identify potential strategies to address
limitations related to current approaches and propose 5 key considerations for the collection, organization, and analysis of text
data from Facebook. Finally, we consider ethical issues around the use and protection of Facebook data obtained from research
participants. In this primer, we have identified several key considerations that should aid health researchers in the planning and
execution of qualitative studies involving content analysis of text data from Facebook users.

(J Med Internet Res 2019;21(8):€13544) doi:10.2196/13544

: potentially rich source of qualitative data for researchers [6].
Introduction Numerous studies ranging in topic from psychopathology [7,8]
Social mediaplatforms provide an information-rich opportunity ~ @nd chronic physical illnesses (eg, cancer or diabetes) [9,10] to
to reach diverse populations that would otherwise be difficult  Substance use [11,12] have incorporated data from Facebook,
toidentify. Facebook, in particular, isthe most dominant player ~ "ecruited fromand included Facebook usersas study participants
in the social medialandscape. Over the past decade, the number [13,14], or conductgd beha'vl'oral interventions on the Facebook
of active Facebook users has grown from 145 million in 2008 Platform[12]. Despitetherising number of studies on Facebook,
tomorethan 1.2 billionin 2018[1,2]. Asof 2018, approximaiely ~ "elaively little is understood about how qualitative data from
two-thirds of US adults use Facebook [3]. In addition, about Facebook user scan best be Captureq and g%@for health research
75% of Facebook users visit the site at least once per day and ~ PUrPOSES, Individual and group interviewing, focus groups,

spend upward of 50 min daily on Facebook [3,4], where they INdividud and ~group ethnographic interviewing, and
get entertainment, read news, communicate with friends and observational data are among the most common methods used

family, and exchange social support [5]. to tradi'tiorjally collect qualitative data [15-17]. These sources

of qualitative data naturally allow researchers to unpack deep
Asasignificant portion of individuals' social livesisconducted meaning within a select group of people [18], probe for
(and hence displayed and recorded) on Facebook, it is & uynderlying values, beliefs, and assumptions [19], and obtain
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more nuanced or novel information than that derived from other
methods such as close-ended survey questions [19]. However,
because of the nature of Facebook data, qualitative research
methods may require additional adaptation to best capture the
visual, virtual, and textual interactions on social media with
accuracy [20].

In this primer, we expl ore the opportunities, aswell as potential
pitfalls, of conducting qualitative research with Facebook users
and their activity on Facebook. Our focus here is purposefully
narrow. We limit our approach to content analysis and
user-generated text related to health topics on Facebook. We
begin with an overview of the forms of qualitative dataand data
analysis best suited to the Facebook environment, focusing on
text data generated by Facebook users. Then, we consider gaps
in current qualitative methods based on the existing published
literature. Finally, we present 5 key issues that must be
addressed in a successive manner when conducting qualitative
content analyses of health-related topics involving Facebook
data, and we offer potential options to address each of these
issues.

Overview of Using Qualitative Data on
Facebook

Data obtained from Facebook users offer substantial
opportunities for qualitative researchers. Asdescribed in Table
1, user-generated videos, images, reactions, and text arearich
source of qualitative data on Facebook. For the purpose of this
paper, we focused on user-generated textual data. There are 3
primary types of user-generated textual data on Facebook:

1 Posts: A post iswritten by a Facebook user, and that post
then appears on another Facebook user’stimeline. A status
update is a common type of post in the Facebook
environment, which will appear inthe newsfeed of auser’'s
Facebook friends. A news feed is alist of updates from a
user’s Facebook friendsthat isintended to provide the user
a quick update on what their Facebook friends have been
doing on Facebook.

2. Comments: A comment is a response to a Facebook post
or aresponse to another comment itself.

3. Messages: A message is privately sent from one user to
another Facebook user, typically a Facebook friend. A
message does not appear on a user’s Facebook timeline or
in their news feed.

All 3 of these types of user-generated text on Facebook may be
accompanied by image(s), video(s), and/or emoticon(s). An
emoticon, or emaji, isagraphic facial expression that can appear
embedded in text communi cation on Facebook and is primarily

http://www.jmir.org/2019/8/e13544/
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used to provide emotional information that would otherwise
only be found in traditional face-to-face interactions (eg, tone
of voice) [21].

Social media qualitative research methods can be described in
3 ways. active analysis, passive analysis, and research
self-identification [22]. Active analysis on Facebook involves
the participation of research members in communication with
Facebook participants. For instance, Cheung et al [11] created
a study Facebook group and invited participants to join. The
research team member serving asthe Facebook group moderator
actively participated in generating content (ie, posts and
comments) that aimed to stimulate engagement with study
participants. Passive analysis on Facebook involves the study
of information patterns observed on Facebook or theinteractions
between usersin existing Facebook groups. For example, Kent
et al [13] investigated public attitudes about obesity and cancer
by performing a keyword search on Facebook to identify
relational themes, grammatical elements, and valence of the
sentiments contained in Facebook posts and associated
comments. Finally, research self-identification is when
researchers use Facebook as aresearch recruitment tool to gather
participants for Web-based interviews, focus groups, or surveys.
For example, Pedersen et a [14] designed 3 different sets of
study advertisementsthat appeared on approximately 3.6 million
targeted Facebook users news feed. By clicking on the study
advertisements, Facebook users were redirected to a study
survey and were given the option to participate in the study.

To determine current approaches to the use of qualitative data
on Facebook, we performed a literature search in April 2018
for papers that used qualitative methods to analyze
user-generated Facebook text related to health topics (ie, any
acute or chronic disease including substance abuse disorders).
Our review identified 23 studies published between 2011 and
2018. The majority of these studies extracted data from public
Facebook pages or groups [7-11,13,23-37]. Of 23 studies, 18
used passive analysis [7-10,13,23-28,30-36], 5 used active
analysis [11,12,29,37,38], and none wused research
self-identification. Among the passive analysis studies, the
number of posts, comments, and groups or pages analyzed
ranged from 25 to 500, 2330 15,972, and 1 to 840, respectively.
In addition, among the active analysis studies, the number of
posts analyzed and participants included ranged from 6 to 469
and 79 to 160 participants, respectively. Nearly all studies used
a process of manual coding, although 1 study used machine
learning techniques [37]. A wide range of health issues was
examined from breast cancer to smoking cessation. Further
descriptive characteristics can be found in Multimedia A ppendix
1
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Table 1. Potentia sources of data for qualitative data analysis within Facebook.

Filters Dataincluded

Timeline User-generated and user-directed posts, comments, reactions, shares, photos, videos, tagged posts and photos, and
when the participant added someone as a friend. Displays public data

Activity log User-generated and user-directed posts, comments, reactions, shares, photos, videos, tagged posts and photos, pages
liked, and when the participant added someone as a friend. Displays public and private data

Posts Posts generated by the user

Poststagged in Posts where other users tag the user

Others' poststo your timeline
Hidden from timeline

Photos and videos

Likes and reactions
Comments

Articles you have read

Notes

Videos you have watched

Posts that others generate on the user’s timeline

A privacy setting that limits who can see posts on a participant’s timeline

Photos and videos that the user posts, uploads, or istagged in

Likes and reactions generated by the user

Comments generated by the user

Articles read by the user

User-generated full-length posts without limited character length and can include tagging and pictures
Videos watched by the user

Following A list of pagesthe user follows
Groups A list of groups the user is amember of
Search history Content the user searches on Facebook

Gaps in Current Qualitative Approaches

Our review identified anumber of limitationswithin the existing
literature. First, most studies did not provide detailed
descriptions of their methods[39,40]. In particular, description
of data extraction methods was frequently missing
[7,11,13,23,25,27-31,33,34,37]. Furthermore, there are few
existing resources that offer guidance for researchers seeking
to use Facebook for hedth-related topics. Lack of
methodological descriptions and advice in the literature pose
as barriers to researchers trying to replicate study results or
apply the same methods in pursuit of novel research questions
in the health domain. Second, none of the studies analyzed
bidirectional interactions among participants and other Facebook
users. Bidirectional interactions are social exchanges of
user-generated and received text between Facebook users.
Received text is text directed to a Facebook user, such as a
friend’'s comment to that Facebook user’s post (hereafter,
user-directed text). These interactions are commonly displayed
as achain of communication on auser’stimeline or news feed
that exemplify how individuals use and interact with others on
Facebook. By collecting only user-generated text or
user-directed text on Facebook, studies are only capturing one
side of Facebook user's interactions with other Facebook
members. However, collecting bidirectional interactions
provides more context of social exchanges on Facebook, which
can assist in more meaningful interpretations of the data

http://www.jmir.org/2019/8/e13544/

Therefore, it is important to establish methods for researchers
seeking to capture thistype of information. Third, most studies
that included either manual or machine-coding techniqueslacked
familiarization methods before coding [8,11-13,24-27,29-38].
Familiarization methods include researchers immersing
themselves with the data before coding by actively reading the
datato understand the depth and context of the content [41]. To
conduct rigorous and trustworthy thematic analyses, it is vital
to read through the entire dataset at least once before coding
[41,42].

Owing to these limitations, in this paper, weidentify and discuss
5 key issues in the process of conducting qualitative research
using data obtained from Facebook. These issues are
summarized in Textbox 1 and described in detail below. In
addition, we use our own experience from a recent research
project toillustrate 1 potential approach to handle each of these
issues. Our experience derives from a study in which we used
Facebook advertisementsto recruit asample of military veterans
[43]. Study participants completed a Web-based survey about
their psychiatric symptoms and social support, and a subgroup
was invited to participate in an additional in-person study visit
in which they provided access to some of their Facebook data.
For qualitative analysisin this project using Facebook data, we
used content analysis, which, for our study, wasamore directed
approach that allowed us to begin by identifying key concepts
and variables asinitia coding categories.
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Textbox 1. Key considerations for future studies using qualitative approaches for social media data.

Step 1. What kind of Facebook user will beincluded in the study?

«  Themethod of recruitment of Facebook users will affect participants' characteristics and generalizability of results.

«  Thedegree of activity on Facebook by a study subject will impact the amount of data available for anaysis.

Step 2. What Facebook data will be analyzed?

«  Facebook contains a combination of public and private information about individual users.
«  Filters can be used to select desired variables and data about Facebook users.

« Itishelpful to predetermine a period of Facebook use to be included in data analysis.

Step 3. How will the Facebook data be obtained?

«  Options include partnering with Facebook, collecting publicly available data, creating a research study—specific Facebook page or group, or

downloading participants' Facebook data.

«  Each option has pros and cons related to the complexity of the process and comprehensiveness of data obtained.

Step 4. How will the Facebook data be analyzed?

«  Depending on the size of the dataset, researchers may prefer amanual versus more automated approach to coding and data analysis.

« Qualitative data analysis and other software can assist with the data analysis.

«  Consider the model of qualitative analysis used in the study.

Step 5. How will participant’s Facebook data be protected?

«  The Connected and Open Research Ethicsis a Web-based resource [44] to help navigate ethical issues around social media research.

«  Common ethical issues include the following: who will informed consent be obtained from, how will data of research subjects be kept secure,

and how will the privacy of research subjects be maintained.

Step 1: What Kind of Facebook User Will
Be Included in the Study?
In deciding what kind of Facebook user will beincluded in the

study, it is important to consider how participants will be
recruited.

For studies that involve delivery of an intervention through
Facebook (ie, active analysis), the platform offers 2 main
features that researchers can use to recruit and maintain
participants. Facebook pages and Facebook groups. Facebook
pages are public, whereas Facebook groups can be public, or
private or secret. In public Facebook groups, only invited
members can see content. However, in secret Facebook groups,
only invited members can see content, and the group is
hidden—it cannot be searched for, or found, using the Facebook
search engine [45]. Facebook pages and all Facebook groups
can be crested to recruit and conduct an intervention. In addition,
researchers can access existing public Facebook pages and
groups comprising current members to collect data. However,
these pages and groups cannot be tailored to a researcher’s
interventions. Furthermore, Facebook advertisements can be
used to target a specific population by leveraging demographic
profiles available on Facebook. Furthermore, Facebook
advertisements can use additional information (eg, interests)
added by auser to their profile. Some studiesrecruit both current
Facebook users and other participants who are willing to open
aFacebook account for the study [45]. In addition, it isimportant
to consider the degree to which participants are regularly and
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actively using Facebook. Regular userswill tend to have aricher
record of their Facebook activity. That said, not all users of
Facebook actively engage in behaviors that create a record of
interaction on Facebook (eg, posting and commenting) [46].
Facebook users can be categorized into 2 types of users based
on the frequency of engaging in these behaviors: active users
and passive users. Active users contribute to Facebook
interactions by posting and commenting frequently. Passive
users tend to observe Facebook interactions and not actively
contribute. For active analysis studies, both active and passive
users can be considered for recruitment. Interventionists may
consider designing posts to initiate interactions among
participants, especially from passive users.

In addition, studies intending to observe Facebook user's
interactions with other users (ie, passive analysis) can use 2
public group features available on Facebook: Facebook pages
and public Facebook groups. As these pages and groups are
public, researchers are able to openly view al Facebook data
without restrictions. As aresult, researchers can search for an
existing public page or group related to a health topic of interest
and then collect the data presented within the page or group.
Data found in public Facebook pages and groups can be from
both active and passive users. Typically, there is a direct
relationship between the number of members part of aFacebook
page or group and the amount of data available. One drawback
about using public Facebook pages and groupsisthat the pages
and groups about a health topic of interest must already exist.
Alternatively, passive analysis studies can recruit Facebook
participantsindividually through Facebook advertisements. An

JMed Internet Res 2019 | vol. 21 | iss. 8 |€13544 | p.23
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

advantage of this approach is the ability to continue an
advertising campaign until enough participants and data are
collected, whereas a disadvantage of it is the requirement for a
nontrivial advertising budget.

Paid advertisements on Facebook are also useful for studies
seeking to recruit participants from Facebook to participate in
interviews, focus groups, surveys, or other research activities
(ie, research self-identification). Facebook advertisements can
be used to target particular users using the methods described
above. Facebook users can be directed to a study website when
they click on the advertisement, which then can further describe
the study and include Web-based informed consent.
Furthermore, Facebook advertisements can record user actions
such as advertisement clicks (ie, number of times the
advertisement was clicked on) and comments on the post
containing the advertisement.

Finally, as with other Web-based studies in which in-person
contact with astudy participant does not occur, exclusion criteria
should be carefully considered to reduce misrepresentation of
participants and potentially counterfeit responders (ie,
responders pretending to fit a certain demographic for study
compensation).

An Applied Example

We used research self-identification methods to recruit
participants through Facebook advertisements [43].
Advertisements contained a call to action to participate in a
health research study. Study advertisements broadly targeted
Facebook usersin the United States of any age or gender who
had interestsrelevant to military veterans. Advertisementswere
hosted by Facebook pages affiliated with our university. This
allowed us to draw on the established base of Facebook users
interested in and following our university on Facebook.

To reduce misrepresentation of participants, we excluded
individuals who completed the survey in less than 5 min, had
aduplicate or multiple survey responses, or incorrectly answered
military-related insider knowledge questions [14,47]. To help
ensure study subjects had enough Facebook datato analyze, we
choseto collect qualitative data from participants who reported
using Facebook at least once a day.

Step 2: What Facebook Data Will Be
Analyzed?

In deciding what Facebook data will be analyzed, it is critical
to determine the setting in which the datawill be collected. For
active or passive analysis studies collecting data from public,
private, or secret Facebook groups or pages, it is important to
consider downloading individual Facebook user's profile
information in addition to the information exchanged in groups
or pages. A Facebook user’s profile information shows how the
user interacts in multiple Facebook settings compared with a
singular setting (ie, a Facebook page or group). Therefore,
collecting and analyzing data from a user’s Facebook profile
provides more context to how they interact, whom they interact
with, and in which environments (ie, public or private) they are
more active. Understanding how research participants interact
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on Facebook can be used to supplement the context of the
responses and inform future intervention processes.

In addition, given how expansive the amount of Facebook data
can be, even just from a single Facebook user, it is vital to
determine the scope of datathat will be analyzed. As described
in Table 1, Facebook features, such as Filters, allow datato be
viewed in aready separated Facebook variables such as
user-generated data (ie, notes, posts tagged in, and timeline
review). These filters can be manipulated to display specific
data of interest. Although filters can help find user-generated
and user-directed data, it isimportant to also capture these same
data in the timeline. The timeline shows how Facebook users
are interacting, which helps provide context when analyzing
the data.

Furthermore, it isalso important to determine how long it takes
to collect the Facebook data. Data collection time is dependent
on how active the Facebook user is and, for pages or groups,
how many users are part of a page or group. These factors can
impact additional study procedures (eg, interviews) at the time
of the Facebook data collection period.

Our Experience and Applied Example

In our study, we sought to capture al our veteran participants
written social interactions on Facebook. We did this by
collecting user-generated and user-directed comments, status
updates, and posts from the activity log and the timeline. The
timeline was also included as it contains data from both public
and private settings on Facebook. By collecting both
user-generated and user-directed data, we were able to capture
bidirectional interactions between study participants and other
Facebook users within their social network.

In addition, data were collected over a 4-week period around
the time of the participants’ survey completion. We decided to
collect participant’s Facebook data at the time of the in-person
interview so that aresearch member could be physically present
to assist a participant in the process of downloading his or her
Facebook activity. After informed consent, the initial 10 min
of the session were used to collect the participant’s Facebook
activity information, which was sufficient to collect users
Facebook data, ranging up to approximately 70 user-generated
posts.

Step 3: How Will the Facebook Data Be
Obtained?

Option 1: Partner With Facebook

Facebook data can be obtained through a research partnership
with Facebook. Kramer et a [48], supported by Facebook
resources, collected posts and manipulated news feeds of
689,003 Facebook usersover a20-year period. Burke and Kraut
[49], led by a Facebook researcher, collected user-directed
comments, private messages, timeline posts, likes, and pokes,
aswell as user information such as number of profiles viewed,
news feed stories clicked on, and photos viewed from 10,557
Facebook users. Some advantages of partnering with Facebook
are that studies can have access to massive amounts of data
including Facebook variables that are not shared with users or
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third parties [50]. In addition, one can leverage Facebook
resources (ie, data processing systems) to track how much
people are discussing specific topics of interest and the
subsequent opinions of those topics expressed in everyday
conversation. Such Facebook resources efficiently gather
large-scale data in which data are retrieved amost
instantaneously. However, a challenge of partnering with
Facebook is meeting their collaborative requirements, such as
finding a Facebook sponsor to lead the research effort, and the
faculty principal investigator's institution paying up to 40% of
overhead costs for a hosted researcher [51]. Therefore, this
process can be resource intensive in terms of both time and
financial investment by the partner researcher.

Option 2: Publicly Available Data

Active and passive analysis studies can obtain Facebook data
through public Facebook pages and groups. There are severa
studies using extraction methods such as manual extraction (eg,
copying and pasting data into a spreadsheet) or contracting
through external models and third-party services for manual
extraction. Abramson et a [9] copied and pasted each public
timeline post from the Breast Cancer Organization page into a
spreadsheet with the corresponding responses. Eghdam et al [8]
used Netvizz version 1.25, a data collection software created
by Facebook, to collect anonymous data from public Facebook
groups. Kent et a [13] used a Web-crawling service that mined
publicly available posts and comments from Facebook using
keywords related to obesity. Furthermore, Kosinski et al [50]
provide Pennebaker's Linguistic Inquiry and Word Count
(LIWC), and the Apply Magic Sauce, a website developed by
the University of Cambridge psychometrics center, [52] as an
additional resource for data collection. An advantage of using
public data is that there are a lot of data for a range of health
topics, and informed consent by the participant is not required.
However, the challenge of using data shared publicly could be
biased because of socia desirability influences and other
censoring by a given participant. Studies suggest that both
privacy concerns and the user's audience can impact
self-disclosure on Facebook, especially when it comesto sharing
health information [53-57]. Eysenbach and Till [22] recommend
working with group moderators to develop an adequate plan
for informing group members of the use of their data. Although
they identify obtaining permission from the group moderator
as insufficient on its own, group moderators have greater
knowledge of their group members and may be ableto provide
important information on how to best obtain consent for use of
data

Option 3: Create and Monitor a Facebook Page or
Group

In addition, for active analysis studies, Facebook data can be
obtained by creating and monitoring a Facebook page or group.
Beullensand Schepers[12] collected 2575 picturesand 92 status
updates by creating astudy Facebook profile and sending friend
requests, including a study overview message, to 166 college
students. Tower et a [38] collected post information by creating
aFacebook group and inviting 198 nursing students to join the
group through email. The invitation advised the group to post
information related to their study. A faculty member initiated
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discussion in the Facebook group. The text and associated
attributes were downloaded onto a spreadsheet. An advantage
of creating and monitoring a Facebook page or group is that it
allows a research team to customize a group specific to a
particular health topic. Subsequently, targeted individuals can
beinvited to this page or group and be presented a set of specific
questions/instructions to stimulate participant engagement. In
addition, only group settings can be made private, which can
create a more secure environment for participants to disclose
personal information. However, adisadvantage of private groups
isthat there is a permanent setting that organizes user-directed
posts such that the most recent interactions appear at the top of
the group feed versus a chronological ordering of the post [45].
As aresult, posts containing important content may be pushed
to the bottom of the group feed because of frequent posting in
the groups, thereby making it difficult for participants to find
information posted by the groups interventionists [45]. In
addition, although Facebook groups can be private or secret,
they are till not the Facebook user’s natural environment —that
is, the social network comprising Facebook friends the user
normally interacts with. Therefore, Facebook users recruited
into an intervention conducted in a private or secret group may
behave differently in groups created by researchers, especially
when they know they are being observed by researchers [58].

Option 4: Private M essages

Furthermore, for active analysis studies, Facebook data can be
obtained by asking participantsto copy and paste user-generated
Facebook text (eg, text from timeline posts or private messages)
and provideit to aresearch team member through a Web-based
portal or through private messaging to a Facebook account
created by the research team. Bazarovaet a [37] collected 474
most recent status updates, timeline posts, and private messages
by inviting 79 participants to copy and paste their data into a
Web survey. An advantage of having users provide their
Facebook data through the private messaging feature or a
Web-based portal isthat it creates a secure environment in which
participants’ Facebook datacan be kept confidential from other
Facebook users or study participants. However, one
disadvantage of this particular method isthat researcherswould
neither be ableto observe passiveinteractions among aparticular
group of Facebook users nor observe interactions as a result of
aproposed set of questions/instructionsregarding health-related
topics.

Our Experience and Applied Example

A fourth option, applicable to active and passive analyses and
some research self-identification studies, isdirectly downloading
participants’ Facebook data during an in-person study visit. We
chose this option because it was the only one that allowed us
to download individual’s Facebook profileswithout establishing
a partnership with Facebook. For instance, in our own study,
we obtained Facebook data by downloading participants
Facebook activity information. During the in-person interview,
users Facebook activity log and timeline data were collected
separately by study staff using the following steps: (1) ask
participants to login to their Facebook account, (2) follow the
steps described in Figure 1, (3) scroll backward on the selected
page chronologically until 1-month period before the date of
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the survey; (4) save as an HTML file on OHSU Box (a
cloud-based data storage service that complies with local
security and regulatory policies), (5) open saved file with Safari
to view extracted data, (6) log participants out, and (7) ensure
that no username or password information was retained by
making sure user login information was not saved by the
browser. We noted some advantages of downloading
participants Facebook profile information, such as a
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participants Facebook profile can provide insight to how
individuals interact, who they interact with, and what
environment (ie, public and private) they are more active in.
This helped us understand how study participantsinteracted on
Facebook. However, a challenge of downloading participants
Facebook profile information is that it requires participant
consent, and it can be more difficult to collect massive quantities
of private data because of the length of the collection period.

Figure 1. Stepsto accessthe timeline (eg, blue square) and activity log (eg, red squares) on Facebook.

Step 1 (Timeline): Click
on the users name
near the top right
corner

A Make Post

Step 2 (Timeline): Stay on
page to view Timeline °
information

Step 4: How Will the Facebook Data Be
Analyzed?

Qualitative Facebook data are commonly analyzed using
methods such as content analysis to assess a wide range of
gualitative data or else constant comparison to identify themes
[6]. In deciding how qualitative Facebook datawill be analyzed,
it isimportant to consider the quantity of the dataaswell asthe
gualitative approach being used. For active and passive analysis
studies using larger datasets, it is preferable to analyze data
using software programs. AlQarni et al [34] analyzed 1551 posts
using predetermined themes, and further inductive codes were
used to independently extract and analyze the Facebook posts
to determine major content themes. Thematic analysis was
performed using NVivo, a qualitative software used to code,
store, and potentially exchange data with SPSS for further
statistical analysis. Kramer et al [48] used LIWC (2007)
software to analyze 689,003 posts to determine if the valence
of the posts was positive or negative. Keller et a [32] used
ATLAS:Li, a qualitative software used to code data, to code
1614 comments for major and minor themes. It isimportant to
note that ATLASt can be used to code HTML files of
individual’s Facebook downloads; however, this has not been
donein socia media qualitative research studies [59]. Instead,
ATLAS.i has been traditionally used to code Microsoft Word
documents of transcribed interviews.
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Step 1 (Activity Log):
Click on the pull-down
menu in the top right
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Step 2 (Activity Log):
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Step 3 (Activity Log):
Click Activity Log

Our Experience and Applied Example

As our study contained a relatively small dataset (23 subjects
with 201 posts and 424 comments), we opted to analyze data
manually. User-generated text from status updates, posts, and
comments and user-directed text from posts and commentsfrom
the HTML files were copied and pasted into an Excel
spreadsheet and analyzed for markers of socia support. Our
codebook contained 3 different types of social support that have
previously been described in the literature (emotional,
instrumental, and informational) and afourth category for other
evidence of socia support (eg, “Wow, that's a great joke”). In
addition, we coded the valence of user-directed socia support
as positive, negative, or neutral . Before coding, each coder read
over the entire dataset to familiarize themsel ves with the content
of the data. The familiarization process helped lead to more
meaningful interpretations of the data because we were able to
easily provide context to each piece of text we coded. As is
common in qualitative research, after aninitial training period,
2 coders independently coded participants' data. Furthermore,
each coder created amemo describing their experiences during
the coding process. This highlighted the challenges and
successes of the coding process, which guided conversations
around any discrepancies. |n addition, the memo process brought
awarenessto potential challenges of coding text on socia media,
which can be addressed early on for future socia media
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qualitative work. Furthermore, the memo process a so identified
general themes that were prevalent in the data.

Step 5: How Will Participants’ Facebook
Data Be Protected?

It isimportant to highlight that Facebook research raises several
ethical questions. Owing to the nature of studying Facebook
communities, researchers can potentially violate the privacy
rights of Facebook users. Facebook users that are members of
public Facebook pages or groups do not expect to become
research subjects nor do the Facebook friends of study
participants (ie, nonparticipants). The boundary between private
and public Facebook data may sometimes be unclear. The
majority of Facebook users are aware that their data may not
be private [22], especialy in a public setting on Facebook.
However, the literature regarding social media users
comprehension of privacy literacy is limited [60]. As aresult,
researchers should ensure that informed consent language is
clear regarding how a participant’s Web-based datawill be used.
Pilot testing of informed consent language may help ensure that
the information presented is easily comprehensible for a broad
range of populations. Regardless, it isimportant to maintain the
safety and anonymity of individuals Facebook information
whether or not they are aresearch participant.

In addition, itisimportant to note the potential ethical dilemmas
associated with establishing a research partnership with
Facebook. Facebook is a powerful company with arich source
of data; however, Facebook hasreceived public scrutiny because
of their misuse of their users Facebook data. Therefore, the
responsibly is placed on the research teams to ensure that
Facebook users dataare obtained ethically and protected. Arigo
et a [61] recommend including research team members who
arewell versed with Facebook’s cooperate termsand conditions
and privacy policies. It is strongly encouraged that research
teams are knowledgeabl e of the peculiarities of Facebook before
establishing a partnership to assist in the development of
research methodological procedures regarding data collection
and privacy.

As each institutional review board (IRB) will vary in its
familiarity with social media research, we recommend closely
consulting with professional and independent organi zations (eg,
Association of Internet Researchers Ethics Working Group
Guidelines, The National Committee for Research Ethics, and
The Humanities Research Ethics Guidelines for Internet
Research) aswell asWeb-based resources such asthe Connected
and Open Research Ethics (CORE). CORE can provide
assistance in how to address potential ethical issues for
researchers and IRBs interested in social media research.
Common ethical questions that have been raised on CORE
include the following: (1) Who will informed consent be
obtained from—isinformed consent required for nonparticipants
on a research subject’s account?; (2) How will data from
research subjects be kept secure on the social media platform?,
and (3) How will the privacy of research subjects be maintained?
CORE has created a collaborative platform where researchers
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can exchange expertise and questions pertaining to social media
research. Features such as the Resource Library, Q& A Forum,
and the CORE Network provide scientists access to
IRB-approved research protocols and consent forms and allow
researchersto discuss collaboratively ethical design or potential
social media strategies [44].

Our Experience and Applied Example

In our study, participants interested in an optional, in-person
interview provided contact information with which study staff
used to arrange the study visit. For individual swho were unable
to comein-person, we conducted interviews through phone but
did not download their Facebook data. Overall, 2 separate
informed consents were obtained, once online for those
completing the survey and again in-person for those sharing
their Facebook data. During the informed process for those
sharing their Facebook data, participants were informed that
their timeline and activity log would be collected to observe
their online socia interactions and Facebook usage. In addition,
participants were informed that their Facebook data would be
labeled with a unique code to protect their identity. All study
procedures were approved by the IRB of Oregon Health &
Science University.

Limitations

There are severa limitations to this study. First, this study
represents 1 proposed framework. Additional validation of this
framework among other experts would be a helpful next step.
Second, the scope of the study islimited. We primarily focused
on content analysis of user-generated Facebook text related to
health topics using a content analysis approach to qualitative
analysis. Studies that intend to use other models of qualitative
analysis may require somewhat different approachesto the use
of datafrom Facebook. Nontext qualitative datafrom Facebook
(eg, images, videos, and emoticons) also bear further
examination. Third, because our key considerationsare primarily
directed toward health-related studies, it isunclear whether they
aregeneralizableto other research topicsthat harness datafrom
Facebook. Finally, our applied example did not address methods
for collecting data from existing closed Facebook groups,
although studies that did do so were identified in our literature
review. Studies that involve interaction with Facebook group
members require additional consideration, and future research
could help elucidate this area by extending the work presented
by Eysenbach and Till [22].

Conclusions

Although there are an increasing number of studies that are
using qualitative data obtained from Facebook users, there has
been little published to date, summarizing the current state of
this research. Our review of the literature and own experience
conducting this type of research have led usto identify several
key considerations for health researchers interested in
conducting qualitative studies involving Facebook data. Our
hope is that future research continues to refine and develop
approaches to conducting research in this exciting area
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Abstract

Background: Recent advances in mobile technologies for sensing human biosignals are empowering researchers to collect
real-world data outside of the laboratory, in natural settings where participants can perform their daily activities with minimal
disruption. These new sensing opportunities usher a host of challenges and constraints for both researchers and participants.

Objective: Thisviewpoint paper aims to provide a comprehensive guide to aid research teams in the selection and management
of sensors before beginning and while conducting human behavior studiesin the wild. The guide aimsto help researchers achieve
satisfactory participant compliance and minimize the number of unexpected procedural outcomes.

Methods: This paper presents a collection of challenges, consideration criteria, and potential solutions for enabling researchers
to select and manage appropriate sensors for their research studies. It explains a general data collection framework suitable for
use with modern consumer sensors, enabling researchers to address many of the described challenges. In addition, it provides a
description of the criteriaaffecting sensor sel ection, management, and integration that researchers should consider before beginning
human behavior studies involving sensors. On the basis of a survey conducted in mid-2018, this paper further illustrates an
organized snapshot of consumer-grade human sensing technologies that can be used for human behavior research in natural
settings.

Results: The research team applied the collection of methods and criteria to a case study aimed at predicting the well-being of
nurses and other staff in a hospital. Average daily compliance for sensor usage measured by the presence of data exceeding half
the total possible hours each day was about 65%, yielding over 355,000 hours of usable sensor data across 212 participants. A
total of 6 notable unexpected events occurred during the data collection period, all of which had minimal impact on the research
project.

Conclusions: The satisfactory compliance rates and minimal impact of unexpected events during the case study suggest that
the challenges, criteria, methods, and mitigation strategies presented as a guide for researchers are helpful for sensor selection
and management in longitudinal human behavior studies in the wild.

(J Med Internet Res 2019;21(8):€12832) doi:10.2196/12832
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Introduction

Overview

Recent advances in portable consumer technologies have led
to a surge in the development of electronic devices [1] for
monitoring and tracking human activity, wellness, and behavior.
Aided by the ubiquity of personal smartphones, Bluetooth, and
Wi-Fi, many devices currently on the market can discreetly
collect physiologic and behavioral signals and upload the
information to remote servers. Because of the growing support
for distributed and personalized sensing, diverse research
communities aretaking akeeninterest in thisfield, empowering
the coordination of research studies of populations outside the
laboratory and in natural home or work environments (also
known as studies in the wild) [2]. For research into everyday
human behavior, such as daily routines, studies conducted in
natural settings canyield morerelevant and insightful datathan
those performed in the laboratory [3-8].

Severd factors need to be considered for the collection of data
in natural human settings using sensing devices. Different
sensors have different sampling rates, power restrictions, and
communication capabilities. Participants also have their own
habits and daily routines into which the sensors and the data
collection procedures need to be embedded. A data collection
framework designed to operate in the wild should therefore be
flexible enough to accommaodate different data communication
channels and be capable of capturing information from different
peoplewith different needsat different times. Thesefactorsand
a host of other challenges mentioned in this work complicate
the data collection process and ultimately affect the quality of
data available for anaysis.

Background

Several previous studies have described some of these
challenges [9-11] and offered strategies for mitigating them
[12-15]. Other works offer data collection plans for particular
fields of study that address the unique concerns of their research
areas[16,17]. This paper subsumes many of the challengesand
suggestions from these other works and aims to provide a
comprehensive collection of methods and suggestionsthat help
researchers address the challenges related to sensor selection
and management in research studies. It specifically focuses on

http://www.jmir.org/2019/8/e12832/

longitudinal studiesaiming to unobtrusively capture and assess
aspects of human experience and natural behavior; thus, it
assumes a participatory study framework instead of a
provocative approach [2]. Some examples of unabtrusive human
behavior studies are StudentLife [6], AffectiveROAD [18], and
a dataset on emotion recognition from wearable physiological
sensing [19].

Objectives

Figure 1 illustrates a sequence of research program states at
various stagesfor these types of studies. The scope of this paper
coversthe preplanning stages pertaining to sensor selection and
the stages during astudy related to sensor and data management.
The key assumptions were as follows: (1) researchers already
have a clear research objective in mind and have researched
previous literature to develop a sense of the types of
physiological and behavioral signals that may be helpful in
achieving the goals and (2) researchers have surveyed the
landscape of sensing technologies and are beginning to design
astudy protocol and select the appropriate sensors.

To the best of the authors’ knowledge, this paper represents a
first attempt to present acomprehensive guide for selecting and
managing sensorsfor in situ research studies. The guideisbased
on asurvey of related work [9-15] and the authors' experiences
in designing a multiweek research study. It describes the main
challenges that differentiate longitudinal and unobtrusive [20]
studies in the wild from studies conducted in controlled
laboratory settings. It also provides an overview of modern
portable sensing capabilities and information workflows and
outlines a general data collection framework that leverages an
internet-enabled infrastructure for real-time data collection and
feedback. It enumerates severa criteria (or dimensions) that
researchers should consider when designing a data collection
protocol using portable sensors for a known participant
population, and discusses the manner in which these dimensions
can affect human subjects concerns and data quality.
Furthermore, it illustrates a snapshot of some of the many
consumer technologies and products available for sensing in
thewild as of mid-2018. Thiscase study employsall the criteria
and methods discussed, evaluating these with respect to
participant compliance and the number of notable unplanned
events occurring during data collection.
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Figurel. Anoverview of the general scientific process for human research studies involving sensing.
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Methods

Overview

This section discusses the challenges involved in designing
protocolsand using sensorsto collect data about human behavior
in the wild, presenting a genera-purpose framework that
researchers can use for envisioning and orchestrating sensor
data flow. This framework subsumes the most common
information flows provided by modern sensing technologies.
This section also presents an exposition of the various criteria
and dimensionsfor which all sensors should be evaluated before
the beginning of the data collection period, aswell as a snapshot
summary of many modern consumer technol ogies and products
avalable for each type of sensing. The checklist form in
Multimedia Appendix 1 provides a concise checklist of the
challengesin this section. The authors' hopeisthat researchers
will use this checklist in their discussions and planning about
protocol design to help account for the numerous sensing
challenges.

Challenges and Risk Mitigation Strategies

Studies conducted outside of controlled laboratory settings are
of interest to researchers, as participants can be examined in
their day-to-day environments where natural behaviors occur.

http://www.jmir.org/2019/8/e12832/
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Nevertheless, in the wild, many potentially confounding
variables cannot be fully controlled, yielding unpredictable
sources of variability alongside logistical difficulties. Some
challengesin thiskind of data collection are mitigated through
careful planning and effective communication before the study
begins. Other challenges are predictable, but they occur
spontaneously, and they must be managed reactively with the
aid of semiautomated systems. This section highlights the
primary difficulties that are unique to studies in the wild and
suggests strategies to help overcome them.

Sensor Logistics, Deployment, and Maintenance

One of the foremost difficulties is the logistical burden of
deploying and maintaining sensors. As research teams have
limited direct control over the environment for in situ studies,
they should be aware of the different potential sensor failure
modes and have a plan for quickly detecting and recovering
from them.

Sensor failure is often inevitable, especialy for studies
conducted at scale, and an effective solutionisto simply replace
the devices by preplanning to streamline this process. For
example, arranging to have trained personnel available to meet
with participantsin their environment to swap defective devices
can minimize data losses because of downtime. For sensors
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deployed in the environment itself (as opposed to wearable
sensors), devising a mounting scheme that will allow for easy
replacement may also help.

To aid the tracking of the status of all sensorsin alarge study,
planning in an upfront manner to create semiautomated tools
that monitor the state of each sensor as often as possible can
help identify failures quickly, report them to personnel for
maintenance, and further decrease data collection downtime
[21]. Moreover, the use of automated tools may become a
necessity if the number of participants, sensors, or hours of
recording becomes|large. Data-driven approaches for detecting
and identifying anomalous sensor data streams have been
recently proposed in the literature [22,23]. Implementing a
strategy for automated ongoing maintenance of the deployed
sensorsis much easier once the research team has direct access
to recent sensor data. A data flow framework (presented in a
later section; Information Flow Layers) outlines and describes
the communication channels that carry sensor data to the data
servers (the collection of systems where the data are collected
and securely stored for later processing). Researchers can use
this framework to plan communication paths for each sensor
and then set up a script to run on the research server, which
monitorsthese data streams and notifies assi stants when sensors
malfunction. For example, automatic programs can be used to
assess the quality of electrocardiography (ECG) signals and
give feedback to the research support staff about potentia fitting
and usage problems [24].

Specific logistics and deployment strategies will be unique to
each research study, and they will largely be influenced by the
restrictions and constraints imposed by the research
environment. For exampl e, some hospitalsrequire all equipment
to be powered using 3-prong plugs; therefore, all sensor chargers
are required to be used through 3-prong adapters. Other
restrictions may include Wi-Fi availability, permission to mount
sensors on the walls, availability of charging ports for sensors,
and space for sensor storage, to name a few. Permissions for
the research personnel to access all areas in which the study
takes place should also be considered.

Data Loss

Data loss may occur for several reasons, including sensor or
data pipeline malfunctions, poor participant compliance, and
attrition, among other reasons. For example, sensors may fail
to deliver data, as they run out of battery power or break, or
they may fail to deliver when network outages interfere with
data transfers. Subjects may also neglect the data collection
protocol (including forgetting to wear the sensor or wearing the
sensors without following instructions), forget to recharge a
worn device, or fail to upload data at the end of each session,
for example, the Hexoskin garment requires manual data upload
viaUniversal Serial Bus(USB). In more extreme cases, subjects
may become frustrated with the study and elect to drop out,
thereby reducing the total amount of available data.

Thekey to mitigating these vari ous sources of datalossisbeing
aware of wherein the data stream pipelinethelossesoccur. The
Data Acquisition and Flow Framework section of this paper
enumerates the communication pathsthat help carry sensor data
to their destination on aresearch server. Once researchers have
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decided on a sensor suite, and once they know which paths are
required, small scripts or monitoring systems can be
instrumented to test or infer status of each communication
channel and report failuresto the research team. For caseswhere
dataloss occurs at the source (ie, the participants), this section
describes amechanism for sending feedback to the participants
to notify them of the data loss and encourage them to remedy
it.

Data Signal Quality and Unintentional Variability

Related to dataloss, the signal quality of sensor dataisaconcern
that presents a substantial challenge for research in the wild.
The term signal quality used here refers to the ability of each
sensor to measure its signal (s) of interest. Poor data quality may
occur when sensors are not properly worn or maintained, such
as when a wristband photoplethysmography (PPG) sensor to
measure heart rate is worn too loosely or when a microphone
is obscured. Instances of improper or inconsistent sensor usage
areinevitable in large studies in the wild, and they can lead to
an unintentionally higher degree of variability in the data
captured across all participants, which may consequently skew
the resulting statistical analyses.

Early steps should be taken to ensure that participants receive
proper training for using the adopted sensors before the study
begins and that clear and accessible instructions are made
available to serve as a reminder. Making plans to monitor the
quality of sensor data streams so that appropriate actions can
betakento rectify problemsisalso highly beneficial, especially
for long-term studies. Once a processis in place to determine
the quality rating of recent data, different intervening actions
may be appropriate, depending on the participant population,
study environment, and the goals of the research project. Some
example interventions for improving data quality include the
following: retraining participants in sensor usage, adjusting
sensor fit, improving the network infrastructure to reduce
downtime, or simply sending reminders to participants (eg,
smartphone push natifications) to remind them to wear their
devices and upload the data. Quickly responding to rectify data
quality drops can help preserve the value of the data and
minimize data loss. If low-quality data persist despite these
measures, automated signal enhancement methods may still be
employed to algorithmically improve data quality. The Data
Acquisition and Flow Framework section illustrates how data
from the sensors can be aggregated on a research server.

Privacy and Security

Among the opportunities to generate scientific knowledge are
significant challenges to the ethical conduct of research on
human subjects [25]. Threats to privacy and data security
congtitute the greatest risk to participants of behavioral research
in the wild. As sensing technologies become ubiquitous and
data science advances, it is possible to use passively collected
digital datato identify and predict a surprising range of human
behaviors with increasing accuracy [26]. Participants are often
unaware that when they consent to share datafrom their fitness
tracker, they may be allowing researchersto infer information
about their alcohol consumption, sexual activity, and mental
health symptoms. The accidental or malicious release of this
information could cause significant social, occupational, and

JMed Internet Res 2019 | vol. 21 | iss. 8 |e12832 | p.35
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

psychological consequences to participants. The informed
consent process must provide clear and transparent
communication about what data are collected and how the data
will be used by researchers, how data are either anonymized or
kept confidential, and how data are securely transferred, stored,
and destroyed. Researchers must stay up to date on evolving
privacy and security concerns and best practices for mitigating
risk.

Another significant challenge when conducting studies in the
wild is respecting and protecting the privacy of nonparticipants
coincidentally present in the research environment. For research
scenarios in which raw audiovisual data are collected, extra
steps must be taken to ensure that either no personaly
identifiableinformation (PI1) is recorded about nonparticipants
or that they are informed that they may be recorded, where
appropriate and depending on municipal or state regulations
and ingtitutional review board (IRB) approval. A tactic for
avoiding the collection of PI1, even accidently, istoimmediately
transform the collected raw data streams, such asaudio or video,
into anonymized features—intonation, mel-frequency cepstral
coefficients, gestures, and posture—and record these instead

[27.

Another important step toward maintaining privacy isto ensure
secure transmission of sensor data to the research server with
asfew transfersto intermediate nodes as possible. The Criteria
Related to Protection of Human Subjects section in this paper
discusses methods for securely transmitting information across
a network, and the Data Acquisition and Flow Framework
section can help researchers plan secure communication paths.

Data Acquisition and Flow Framework

State-of-the-art electronics and sensing technologies offer a
wide variety of communication protocols for sending
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information among devices. Selection of the appropriate sensors
for a research project depends on many factors, which are
discussed in more detail in the Considerations and Criteria for
Sensor Selection section. A crucial step toward eval uating each
sensor is to understand the ways in which its data can be
transmitted through different communication channels and how
its dataflow may be affected by the choice of other sensors and
data hubs.

The proposed general sensing framework, deemed suitable for
studiesin thewild, depicts common transmission pathsfor data
flowing from multiple sensor streamsthrough disparate network
paths and arriving on a secure server that is accessible only by
the research team. The framework aggregates datain a single
place, allowing for smpler implementations of automatic stream
monitoring and participant feedback systems.

Information Flow Layers

Figure 2 depicts potential information pathways through
different communication channels for passing data obtained
from sensors (in the left column) to data servers (right column),
where al the information passes through an intermediate data
hub layer (middle column). These intermediate hubs are any
devices that act as bridges to facilitate the aggregation and
delivery of transient sensor data into long-term storage. Most
of the available sensors in the market support a data flow
matching some combination of pathsin thisfigure.

The primary aim in this framework is the aggregation of all
sensor data onto a single research server where additional
processing, monitoring, and feedback can be performed. The
following subsections describe each of these layers (columns)
in detail.

JMed Internet Res 2019 | vol. 21 | iss. 8 |e12832 | p.36
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Booth et d

Figure2. A framework for studies of human behavior in the wild, showing common potential information pathways for data produced by sensors (eg,
physiologic and activity), destined to be stored on a single research server. This type of data flow paradigm enables centralized data monitoring and
facilitates immediate automatic participant feedback regarding data quality and compliance via the participant’s smartphones. RFID: radio-frequency
identification; NFC: near-field communication; USB: universal serial bus, API: application programming interface.
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Sensors

Sensors for studies in the wild can broadly be grouped into 3
categories: environmental sensors, nonwearable (human)
trackers, and wearable sensors.

Environmental Sensors

These devices passively capture information about their
surroundings. Some examples of data captured by these types
of sensors include the following: temperature/humidity/CO,
levels, inertial measurements (eg, from accelerometers,
gyroscopes, or magnetometers), and acoustics. These devices
often perpetually broadcast information about their surroundings,
using low-energy Bluetooth or radio-frequency identification
(RFID) signas. Sampling rates below 1 Hz or event-based
sampling techniques are typical, as environmental data usually
change slowly (at least compared with physiological signals).

Nonwear able Trackers

These devices are placed in the environment, and they capture
information about subjects and their behaviors indirectly or in
apassiveway. A few instances of thesetypes of devicesinclude
the following: RFID scanners, Doppler effect and
under-the-mattress sleep trackers, infrared gaze trackers, and
video cameras. These sensors often operate on wall power and
may include network capabilities for simplifying data
transmission to long-term storage on the data servers. They also
often include companion websites or smartphone apps for
visualizing metrics extracted from the sensor data.
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Wear able Sensors

These types of sensors encompass the set of custom-built or
consumer products that are worn or carried on the subject’s
body to collect physiologic or contextual data or features
extracted from data, for example, heart rate from
electrocardiogram data, for behavior and activity tracking.
Devices such as smart watches/wristbands, smart undergarments
(underwear, T-shirts, and bras that collect data), smart rings,
voice activity detectors, and smart shoe soles are some examples.
Many of these devices can be recharged for long-term use over
multiple sessions, and they generally either communicate via
Bluetooth with companion appsinstalled on users’ smartphones
or via USB connections with personal computers. The
companion apps tend to provide visualizations of the received
data and upload functionality for long-term storage on
third-party servers. Interestingly, when running certain tracking
appsin the background, smartphones themsel ves can al so serve
as wearable sensors, collecting information about user
movement and smartphone usage patterns.

Data Hubs

Data hubs are devices dedi cated to collecting, aggregating, and
transmitting sensor information to data servers. Transient data
sources, such as many environmental sensors, have little
memory, and they need to have their data collected continuously
and retransmitted to a data server for long-term storage.
Wi-Fi—enabled data hub devices with Bluetooth capabilities can
serve as conduits for these types of data streams, whereas
personal computers can act as data hubs for USB-only sensors.
Battery-powered sensors collecting data at a high rate usually
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communicate via USB, asthe bandwidth and transmission speed
are higher, and aswirel ess data transmission drains more power.
Battery-powered sensors can afford to send a smaller amount
of datathrough Bluetooth, whereas smartphones can often serve
as both data hubs and data visualizers.

Data Servers

The term data servers refers to the collection of machinesin
which al the sensor data are stored. A typical consumer
off-the-shelf sensing device will provide some pipeline for
getting data off the sensor and into a data store in the cloud,
usualy owned by the sensor product's company. These
companies often provide an application programming interface
(API) for accessing the data, using automated toolsthat transmit
the data securely to protect subject privacy. Eventually, all the
sensor information needsto be aggregated in asingle place, the
research team’s own server, so that the team has permanent and
easy accesstoit. The aggregation of all sensor dataon this server
continuously throughout the data collection process enables
monitoring and feedback systems to help manage some of the
challenges mentioned in the Studies in the Wild: Challenges
and Risk Mitigation Srategies section.

Considerations and Criteria for Sensor Selection

Minimizing participant risk and burden while maximizing the
amount and quality of datais of primary importance. The set
of sensorsused playsamajor rolein astudy’s outcome, as data
quality isinherently constrained by the sensors' characteristics
and the participants’ interactions with those sensors. Selecting

Table 1. Considerations and criteria for sensor selection.
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the appropriate sensors to employ in a research study can be
complicated, as the market provides many options, and each
device has unique qualities and capabilities.

This section establishes a comprehensive list of the different
criteriathat should be considered before data collection begins.
In practice, researchers must strike a balance between meeting
their research objectives and ensuring a smooth participant
experience to maximize attrition and minimize data loss. Both
needs are constrained by the properties of the sensors that are
available or can be produced. The criteria are partitioned
according to whether each criterion is a characteristic of the
sensor or whether it primarily concerns either the researchers
or the participants. It is important for researchers to carefully
review each one of these criteria, asthey are highly connected,
and each choice affects the outcome and experiences for both
researchers and participants.

Table 1 lists different sensor criteria grouped according to
whether they primarily concern research objectivesand logistics,
sensor characteristics, participant engagement, or human subject
protection during the study. The categorization is not perfect,
as some of the criteria pertain to more than 1 group, but it helps
emphasize the different perspectives researchers should examine
when selecting sensors. Key criteria are included in this table,
which are expected to remain relevant as technology changes,
however, there may be other factors worth considering,
depending on the specific needs of a research project. The
following subsections describe each criterion in detail .

Research objectives and logistics

Sensor characteristics

Participant engagement Human subject protection

Signals of interest

Data properties and quality Cost

Data access logistics Battery life

Sensor synergy
Additional experiment setup costs Robustness
Sensor acceptance among target population

On-site infrastructure requirements —

Sensor customizability

Cohort and individual suit-
ability

Access and usability

Burden to participants Privacy

a Data security

Operating system support ~ — —

Provider support — —

3Empty cells are filled with a dash for visual clarity.

Criteria Related to Research Objectives and Logistics

The criteriain this section pertain to the logistical implications
of the selected sensors and ways in which the selection affects
the final outcomes and goals of aresearch project.

Signals of Interest

These criteriarelate to the signals and how they are measured.
Target Signals

Before data collection begins, researchers need to consider what
type of signals they want to measure from the participants or
the environment. Varying amounts of potentially relevant

information can be obtained from signals collected from
different sources, such as physiology, for example, heart rate,
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breathing rate, electrodermal activity (EDA), behavior (eg, time
spent speaking, deeping duration and stage progression, number
of stepsper timeinterval, socia interactions, and surveys), and
the environment (eg, temperature, humidity, and CO, levels).
The utility and overall quality of the chosen signals depend on
the sensors’ measurement mechanisms.

Measurement Mechanism

The physical mechanism through which a signa is acquired
affects its quality and overall utility for future analysis. As an
example, human location and kinematic data can either be
reconstructed from a series of Global Positioning System (GPS)
coordinates or inferred from an inertial measurement unit (IMU),
such as an accelerometer and gyroscope. The GPS datatend to
produce more accurate | ocation measurements and less accurate
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kinematic ones; the IMU location accuracy drifts over time but
yields better kinematic figures, whereas GPS data can be used
in the aid of calibrating step count from an IMU [28]. Another
exampleis heart rate data, which can be obtained through PPG
or ECG, each of which yields significantly different signal
qualities and properties. The measurement mechanism may be
constrained by a sensor’s form factor requirements (wristband
vs garment), which may limit the quality of data that can be
obtained.

Data Propertiesand Quality

These criteria are important for assessing the quality and
potentially undesirable aspects of gathered data.

Sampling Rate

For most consumer sensing technologies, the sampling rate is
fixed by hardware design and power constraints, and it cannot
be altered. It is aways possible to decrease the number of
samples considered for analysis purposes by downsampling
data originally collected at a higher rate. However, upsampling
data collected at a lower rate introduces distortions into the
signal [29], and that may impact its utility for later analysis.
The sampling rate of any sensing device should be at least twice
that of the desired underlying signal’s maximum frequency for
the recording to provide reasonable fidelity (per the
Nyquist-Shannon sampling theorem). The human voice, for
example, can be characterized by pitch and formants (among
many other features), which require sampling rates at least twice
the maximum vocal frequency (typically greater than 8 kHz)
for adequate analysis. However, tracking the position of aperson
inside of a building can be sampled around once per second,
with meter-level accuracy based on average indoor walking
speeds[30]. Researchers should be aware of the analytical power
of the target signals and choose sensors capable of capturing
data at a frequency where meaningful information can be
extracted.

Signal-to-Noise Ratio

The data will only be useful if the signal-to-noise ratio (SNR)
of the measurements is higher than a certain threshold. Noise
inthis caserefersto any unwanted aterationsto asignal during
the measurement process, and it can appear for many reasons.
If the noise is too high, it might not be possible to extract the
relevant information from the measurements. For example,
ECG-based heart pul se measurements may be subjected to noise
when a participant moves or when the electrodes attached to
the skin briefly detach during physica activity. Audio recordings
of people socializing may aso include unwanted background
sounds. As unexpected sources of noise can occur in aresearch
study, test runs with a small cohort should be conducted for
sensors under consideration and then inspected to determine
whether the SNR is adequate to extract meaningful information.
Researchers may be able to improve a sensor's SNR by
understanding where noiseisintroduced into the measurements
and taking stepsto reduceit.

Accuracy and Precision

Accuracy refersto the bias of the measurements, and precision
is a representation of the variance of the measurements over
time. High-accuracy (low bias) and high-precision (low
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variance) sensors are the most desirable. Published scientific
validation studies pertaining to the accuracy and precision of
measurements are available for some commercial and
research-grade sensors. In situations where no previous
validation work existsfor adevice, researchers should consider
performing their own validation tests, using state-of-the-art,
gold-standard sensors as the basis for comparison. As an
example, in a study examining the measurement accuracy and
precision of wrist-worn PPG devices (eg, Fitbit) among adiverse
group of participants performing various physical activities,
heart rate measurements were accurate to within 5% of
clinical-grade devices, and the measured number of step counts
varied within 15% of the actual number [31].

Drift

Measurement drift is a natural phenomenon that can occur in
any sensor, caused by unintentional modificationsto the device
or object being measured [32]. When al other factors are held
constant, measurements of asignal may drift up or down because
of, for example, temperature or humidity shifts, changes in
electrode impedance, or physical movement of the body. In
many cases, drift is caused by physiological or environmental
factorsthat cannot be controlled in the wild, but there are many
common techniques for removing drift effects, including
high-pass filters [33], adaptive filters [34], and time-variant
filters [35]. In other cases, drift can be caused by sensor wear
or material corrosion; therefore, it is important for research
teams to consider the impact that normal usage and time will
have on the sensors, and it is important to consider how this
may cause a drift in the measurements.

Data Access at Various Stages of Processing

In some applications, it isimportant to be ableto accessthe raw
(unprocessed and unfiltered) signals. Thisis most relevant for
research involving the denoising of signals, artifact removal,
feature extraction, or even the estimation of other data streams
from correlated signals [36]. Many consumer sensor devices
provide preprocessed signals with artifacts already removed
and which have been transformed into higher-level features,
such as step count, heart rate, sleep quality, or physical
readiness. Some sensor product companies elect to keep their
preprocessing techniques unpublished; therefore, it can be
difficult for researchersto understand exactly what each feature
represents. These ready-made features can be useful for analysis,
but researchers should be cautious when using features with no
published methodology unlessthe features have been previously
validated in scientific experiments. In cases where a provided
feature cannot be trusted or is proven unhelpful in analysis,
having access to the raw data to extract more meaningful
features may be beneficial.

Data Access L ogistics

These criteria concern the ease with which data are stored and
accessed by researchers.

Data Upload Procedure

How and when data are transferred from sensor devicesthrough
the network to a data server can have a profound impact on a
research project. Asfar asdataupload procedures are concerned,
there are 2 types of sensors: the ones that require manual
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interaction and the ones that automatically and transparently
upload data once configured. Manual interaction is often
required for devicesthat collect alarge amount of dataand need
to transfer it in bulk (eg, a Hexoskin ECG sensor uploads to a
personal computer via USB). Automatic uploading istypically
available for sensorsthat can stream information transparently
to adata hub or smartphone over either Wi-Fi or Bluetooth (eg,
an OMsignal ECG sensor uploads data wirelessly to a
smartphone app). Both researchers and participants usually
benefit from the automated paradigm, as there is less work
involved for both parties, and data becomes available sooner,
but the researchers need to consider its impact on smartphone
battery drain and network bandwidth contention.

Ease of Data Access

Once the data have been successfully transferred from sensors
to the data servers, data need to be stored on a research server
that iseasily accessibleto the research team. Some sensors may
be configured to upload information to the research server
directly. For example, some companies supply awebsite where
researchers canlogin, visualize, and download participant data.
Some companiestrack uploaded sensor data separately per user,
in which case the research team would be responsible for
creating and managing the participant accounts. Companies
may provide tools to facilitate the download of data, such as
Web-based (eg, REST) interfaces or APIs. The existence of
well-documented guidebooks or aresponsive technical support
staff for thesetool s should be consi dered when sel ecting sensors.

Sensor Synergy

These criteria concern potential symbioses among sensors and
signals.

Redundancy of Signals

There are situations in which measuring the same underlying
signadls using different measurement devices might be
advantageous to a research effort. One such circumstance is
when a sensor’s accuracy and precision are unknown, but it is
otherwise an appropriate pick for research. For example, if this
deviceisaPPG-based wrist-worn sensor for heart rate tracking,
then collecting heart information in parallel (perhaps on asubset
of the participants), using an ECG sensor that has been validated
against a gold standard, can enable researchers to infer the
measurement quality of the PPG sensor. In adifferent scenario,
researchers may decide that a certain signal is so important to
capture in its full fidelity that using a single sensor that may
occasionaly fail or experience higher noise levels is not
adequate. Using multiple sensors to capture the same signal
adds fault tolerance to the measurement of that target signal,
and thismay also hel p reduce systemic measurement errors (eg,
by averaging).

Sensor Versatility

Using asensor that can adequately serve multiple purposes may
be preferable to using multiple sensorsinstead. There are many
reasons why this may be beneficial, such as cost, reductionsin
participant and research staff burdens, and simplicity. For
example, it is possible to program a smartphone to gather
human-produced audio and record participant proximity to
known locations within a building by exploiting its Bluetooth
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or Wi-Fi connectivity. This approach uses a single sensor to
achieve both goal sinstead of using 2 separate devicesto capture
each signal.

Additional Setup Costs

These criteria describe the (perhaps hidden) extra time and
financial costs associated with setting sensors up for
experiments.

I nstallation and Maintenance Costs

Once purchased, sensors require installation and maintenance
throughout aresearch study to ensure measurement consistency
and minimize data loss. Some sensors, such as Bluetooth
beacons, may come packaged with installation tools that
interfere with maintenance objectives (eg, double-stick tapefor
wall mounting). Using aternative installation devices (eg,
adhesive Velcro strips) in anticipation of device malfunctions
or required battery replacements can help expedite repairing or
replacing these devices when necessary. This may add a small
additional per-unit cost to some of the chosen sensors, but this
can save time and may help save money in other ways.

Participant Training and Support

Participants who will wear sensors throughout a study should
be trained to use these devices according to study rules and
objectives. Generally, support staffing may be required, as the
complexity and number of sensors increases or the sensors
robustness decreases.

Service Costs

Some companies, such as those producing sensors targeted for
research rather than consumer use, may offer additional services
for some cost. These services may include data aggregation and
storage, data visualization, more convenient data access, or
real-time monitoring and quality tracking for incoming data.
Researchers should identify which services, if any, may be
necessary.

Sensor Acceptance Among Target Population

Regardless of every desirable quality a sensor may possess for
the research team and objectives, it cannot be beneficial if
participants recruited from the target popul ation will not accept
or use it. There are many reasons why participants may reject
any specific sensor, such as discomfort, obtrusiveness,
complexity, or fashionability. These objections cannot be
anticipated fully; thus, researchers should assess beforehand
whether the target population would be generally willing to
engage with the potential sensor set selected for use.

On-site Infrastructure Requirements

Studies conducted in the wild, which use sensors, depend on
the study site infrastructure. As researchers converge on a set
of desired sensors for a specific study, the infrastructural
resources necessary at the study site(s), which can satisfy the
sensor requirements, will emerge. In some cases, the existing
infrastructure may not provide the resourcesrequired, but it can
sometimes be augmented (eg, with additional wirelessdata hubs
or power extension cables) to suit the needs of the research
project. Supplementing the infrastructure may not be possible
in other situations because of costs or prohibitive regulations,
and researchers may have to settle for less desirable sensors
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with fewer requirements. Some other examples of the
infrastructural considerations that should be accounted for
include the following: the total network bandwidth usage for
all participants, the availability of power and network outlets,
and access to a secured network for sensitive or private data
transfer.

Criteria Related to the Evaluation of Sensor
Characteristics

The criteria in this section describe various ways to evaluate
sensors compared with other potential sensor choices. Each
choice posesacertain set of constraints on the study, which can
affect the research team, the study objectives, and the
participants; thus, this merits vigilant consideration.

Sensor Customizability
These criteria address the alterability of sensor functionality.

Hardware Design

Presently, most commercial sensors are not designed with
extensibility or hardware-level customization in mind.
Therefore, it is difficult to alter the sampling rate, storage
capacity, or battery life to suit the needs of a research study.
There exist customizable do-it-yourself (DIY) hardware
platforms (eg, Arduinos or Raspberry Pis) that researchers may
want to consider in cases where no existing ready-made option
is sufficient.

Software Customization

Many sensors on the market, which stream datato asmartphone,
have a companion phone app, typically providing data
visualization, high-level data summaries, or some types of
behavioral interventions (eg, stand up and stretch, or get extra
sleep tonight). Some devices, such as smartwatches, contain
their own displays for visualizing data and haptic feedback for
alerts and interventions. These features can be useful to
participants, but they may misalign or interfere with the goals
of a research study; therefore, customized versions may be
desired.

Certain sensors offer software development kits, enabling
researchers to build their own software for collecting,
visualizing, and storing sensor data. Other devices, such asthe
Apple Watch or Wear OS—enabled gear, support software
extensions installed on the device, giving researchers more
control over the visual and haptic feedback to suit the needs of
a study.

Cost

Thetotal monetary cost of asensor deviceitself isan important
factor for researchers to consider, and it may impact the total
number of participants who can be recruited and supported
throughout a study. Sensor prices can sometimes be negotiated
with their providers, depending on the number of devices
desired.

Battery Life

Sensor battery livesvary greatly and depend on the devicetypes
and their functionality. On the basis of the survey of devices
available today, wearable sensor battery life spans range from
several hours to nearly aweek. Most devices are rechargeable
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in just afew hours, but researchers should offer suggestionsto
participants about when to recharge to maximize the analytical
utility of the data. Some strategies for minimizing the impact
of dataloss caused by recharging are asfollows: staggering the
recharge periodsfor different participants (so at least some data
are always present) and choosing recharge times that coincide
with periods where the devices could not normally be worn
anyway (eg, while sleeping or taking a shower). It isinevitable
that participants will at times forget to recharge their sensors,
and researchers should have aplan for handling these situations
as well. Other devices, such as many tiny and portable
environmental sensors, consume a small amount of power, and
they can operate continuously for over a year. These devices
are often not designed for recharging, and they may need to be
replaced throughout the research study.

Operating System Support

Some wearabl e sensors designed to stream datato a smartphone
companion app may only support phonesrunning on aparticular
operating system (eg, iOS or Android), which can create
difficulties for the research team. Researchers could elect to
recruit only those participants with compatible smartphones,
but this will introduce a selection bias that may impact the
generalizability of the research findings or may reduce the
number of potentia participants. If researchers determine that
a sensor with partial smartphone support is necessary, these
negative effects could be mitigated by providing the interested
participants using incompatible smartphones with a temporary
and inexpensive compatible smartphone for use during the study.

Robustness

These criteria concern the ability of sensors to endure repeated
use and pronenessto failure.

Physical Design

Different sensors have distinct physical characteristicsthat make
them more or less suitable for reliable operations over an
extended period of time. Some properties worth evaluating are
as follows: whether a device is sturdy and can handle mild
physical wear, how easily aworn device may fall off, whether
its buttons and other inputs function well after prolonged use,
how well it stays in place without shifting, and how quickly it
resumes operation after being reattached. Researchers should
consider performing a pilot study to fully understand and
eva uate the sensors beforehand.

Firmware

Thereliability of asensor'sfirmwareisimportant, asany failure
may lead to loss of data. A few probing questions worth
answering are as follows: isthe firmware code stable or does it
crash? Canit handle abarrage of unexpected inputs and continue
to function? If the device sleeps, doesit resume data collection
once awakened? Researchers should stress-test sensor firmware
before committing to any device to ensure they understand the
possible failure modes and recovery procedures.

Companion Software

Some sensors require a companion app running on a second
device, such as a smartphone or computer, to facilitate data
collection and long-term storage. This software needs to be
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resilient to minimize dataloss. Ideally, it functions consistently,
showing no signs of glitches or crashing. Its ability to receive
data from the sensor and either cache or upload data to a data
server should be seamless and fault tolerant. Research teams
should stress-test this software to understand when and how it
fails, so that the support staff will be prepared to help
participants. A few tests worth performing are as follows:
disconnecting the sensor from the app or removing the network
uplink during a data transfer to see if sensor data are lost and
switching foreground apps or providing random inputs to see
if the app crashes. Once the failure modes of the companion
software are understood, steps can be taken to remedy them or
at least to aert participants.

Provider Support

Some companiesareinterested in building ascientific reputation
for their sensor products; therefore, they are concerned with
supporting research studies. Thissupport comesin afew forms,
and the criteria below pertain to the beneficial impact this
support can have during and on the outcome of data collection.

Prestudy Support

Before data collection, it is essential for researchers to fully
understand the properties and unique characteristics of each
sensor under consideration to make the most informed choices.
Virtually al sensor providers offer documentation and a
communication channel for answering specific technical
guestions. Some of these providers may offer additional services
for research teams, including direct communication to key
technical or support personnel and free samples for testing.
Logistics

Research teams shoul d seek any availablelogistical aid, offered
by the sensor product companies, that may help the study
function more smoothly. Teams should ensure that sensors can
be provided on time and that there is a backup plan for any
sensors that need replacement. It is advisable to seek help from
the product companies to train the research staff for proper
fitting of the sensors, especially for those requiring specialized
knowledge. Other kinds of logistica help may include
preconfiguration of sensors (eg, to specific Wi-Fi networks),
custom delivery options (packaging, rush shipping), tailored
fittings, or an emergency contact. Moreover, some sensor
providers offer ongoing assistance, ranging from providing
quality metrics and statistical reports of the study participants
to ensuring APIs support the types of data monitoring and
quality assessment metrics researchers desire.

Criteria Related to Participant Engagement

These criteria pertain to how sensors affect the participants
perception of aresearch experiment and willingness to engage
with a study throughout its duration.

Cohort and Individual Suitability

These criteriarelate to the ability of sensors to meet the needs
of members of a cohort.

Sizing and Fit

Garments and sensors that match each participant’s unique
physical characteristics are best equipped to provide usable data.
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Devices that are too large or too small can cause discomfort,
possibly leading to side effects, such as blistering or reductions
in data quality.

Technological Literacy

Each sensor provides a unique interface for operating with its
hardware and companion app software. Researchers should
ensure interfaces are simple enough for all potential participants
in the target population. In cases where the interface is
unfamiliar, researchers will need to provide instructions,
describing not only how to operate and interact with the devices
but also how to check that they are in a proper state and
performing the desired function at any time.

Fashionability

The selected suit of sensors should comply with dress codes of
the environment in which they will be worn. Moreover, the
design and appeal to wear sensors should be considered by the

research team to ensure that all participants are comfortable
wearing the sensors from an esthetic perspective.

Burden to Participants

These criteria address the physical and mental burdens sensors
impose on research participants.

Physical Interference

Obtrusive sensors may physically interfere with normal
activities, causing frustration or eventually leading participants
to avoid wearing these sensors or drop out of the study. For
example, undergarment or chest strap sensors may become
uncomfortable after a few hours or produce skin rashes,
preventing participants from using them further. Another
example is desk-mounted, infrared eye-tracking devices that
require participants to keep their heads in view, which may
incidentally encourage poor posture. Other job-specific scenarios
should be considered, such asthe use of smart rings in hospital
settings, where they can interfere with minimal hygiene
requirements. Sensors that can adequately collect the intended
signals without interfering or causing discomfort will improve
the participants acceptance of the devices, potentialy
minimizing attrition.

Time I nvestment

Studies conducted in the wild, which ask participants to wear
or interact with sensors over an extended period, inherently
push more responsibility onto the participants to manage and
operatethe sensors. Daily upkeep, such as cleaning and charging
the devices and verifying that they are functioning as intended,
requires a time investment that burdens participants and can
causefrustration if the demands are too high. Choosing sensors
with low upkeep and training costs will reduce this burden and
can improve compliance and overall data quality [37].

Cognitive Load

An implicit stipulation in any study is that the participants
understand they are responsible for adhering to the study
protocol. This requires that participants remain mindful of the
study throughout its duration. Researchers should aim to choose
sensors and an overall study design that requires a small or
occasional investment of the participants’ time and mental
energy. For example, helping participants with reminders to
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charge their sensors every night, and supporting them with a
charging hub may increase sensor usage.

Criteria Related to Protection of Human Subjects

Research investigating human behavior, using sensing
technology, is subject to review by IRBs, which evaluate the
risks and benefits to human participants and ensure that the
study adheres to ethical principles detailed in the Belmont
Report [38]. Researchers must consider how the passive
collection of behavioral datawill respect participants’ autonomy
and privacy, how it will maximize the benefits of the research
while minimizing risks to participants, and how it will ensure
that benefits and risks are equitably distributed. Some of the
most relevant themes are reviewed here, but it is important to
be aware of ethical guidelinesthat apply to specific populations
or data types. Connected and Open Research Ethics CORE
provides a checklist to guide researchers in deciding which
technologies are appropriate for a study, with respect to
protecting human subjects [39].

Access and Usability

Researchers are responsible for ensuring that potential benefits
of astudy are likely to apply to all members of the population
under investigation. This means that sensor selection must not
inadvertently exclude members of the study population from
participation or result in poorer data quality because of
individual differences. For example, wearable sensors may be
affected by factors related to body shape and size, skin tone,
body hair, or tattoos. It would violate the ethical principle of
justice to exclude individuals as study participants on the basis
of these factors, solely as the sensors selected did not perform
well on them. Researchers should aim to select sensors that
have demonstrated validity across diverse participants (eg, a
heart rate monitor that relies on ECG instead of optical
technologies), can be adapted to individual differences (eg, a
respiration monitor that can be worn on a bra or belt), and
employ inclusive design features (eg, accessibility settings to
accommodate those with visual impairments) to ensure equitable
representation and data quality.

Privacy

Privacy refersto the persons’ right to control what information
about them is shared, with whom it is shared, and how these
data are used. The most common privacy protection is to
separate information that could identify the participant from the
data collected about the participant, but some passively collected
behavioral data are inherently identifiable and sensitive. For
example, GPS features can predict depression symptom severity
[40], and 95% of individuals can be identified with asfew as 4
GPS data points[41]. Participants electing to engage in a study
that requires the collection of sensitive and personal data need
assurances that researchers will take steps to mitigate the risk
that their behaviors can be linked to their identities.

Given the array of data types available through passive sensing
technologies and the low cost of collecting data unobtrusively,
it is tempting to collect as much data as possible. However,
researchers are ethically obligated to only collect data that are
pertinent to specific research questions. When possible,
researchers should disable sensors that are irrelevant and
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securely dispose of datathat are not specifically related to study
aims. In addition, participants should be able to select which
data they are willing to share, with whom, for what duration,
and for what purpose. Ideally, sensors should allow participants
to deny or revoke access to particular data types. If these user
controls are not permitted by third-party providers, researchers
should consider providing additional data management tools
that help participants exercise their right to privacy.

Many sensors on the market today require participantsto register
their own accounts, using their own personal information, which
creates a link between potentially sensitive data and each
identifiable participant. Studies needing to access these data
while guaranteeing participant privacy have a few options.
Researchers could register dummy accounts, alowing the
participants to remain anonymous, or they may alternatively
acquire data directly from each participant’s personal profile
(eg, by using an API) and then immediately remove PlI. In the
latter case, researchers should also check that both the network
channels from the sensors to data servers and the network
channel for researchers to access the data are encrypted and
secured to avoid any privacy breaches.

Data Security

Proper protection of the PIl sensor data gathered from
participants requires all communication channels for the data
streams to be secured (refer to Figure 2), and it requires
protected long-term data storage with limited accessibility.
Information sent over a Bluetooth link is naturally secure, as
only paired Bluetooth devices can communicate. Similarly,
USB transfers are secured between the 2 devices at either end
of the USB cable. Data sent over Ethernet or Wi-Fi require an
extra encryption layer (eg, https, secure file transfer protocol)
to ensure the information cannot be intercepted. RFID and
near-field communications are generally not considered safe,
but sensors are typically using these channels to infer
information (eg, about the movement of people indoors) rather
than transferring PI1 directly. Stored data are typically secured
by limiting physical access to the storage device itself, but
encryption of the data is also possible. Access to the sensitive
stored data should be limited to select members of the research
team, and it is usualy controlled through credential-based
authentication (eg, usernames and passwords). Unfortunately,
today, there are many other ways for hackersto obtain Pll data
(eg, malware, spyware, and cyberattacks), and research teams
and participants may wish for every precaution to be
implemented. Readers are referred to the study by Filkins et al
[42] for more information about protecting private data in a
mobile sensing landscape.

Current Sensing Technology

Much research has remarked on the variety of options and
capabilities of sensorsfor research purposes[43-47], including
several tests [48-50] and validation experiments [31,51-54].
These studies overl ook the qualities of each sensor, which make
them more or less suitable for different research applications.

This section provides a snapshot of some of the more recent
and prominent unobtrusive sensing technologies worth
considering for human behavior studies in noncontrolled
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environments. Figure 3 provides a visual overview of this
landscape. The following subsections give basic descriptions
of these sensors, along with comments about the research
trade-offs among different technol ogies. Compiled in mid-2018
while preparing a research effort examining the relationship
between human behavior patterns at home and work, aswell as
mental states and job performance, the snapshot provided here
covers awide range of sensorsthat can capture many different
signals. The current pace of innovation in the sensing market
is too rapid to summarize in its entirety. Therefore, athough
thislist is not exhaustive, it provides an approximate overview
of the currently available products. The authors hope these
suggestions will be beneficial to researchers formulating
large-scale studies.

To make this compilation easier to understand, the sensing
technologies are categorized with respect to the type of
information they capture. At the highest level, the sensors are
grouped into 3 categories: environmental sensors, nonwearable
trackers, and wearable sensors, which are al so reflected in Figure
3. Environmental sensors encompass the devices that capture
information about the surrounding environment, which are not
intended to directly measure information about people.
Nonwearable trackers describe devices that are placed in an
environment and capture information about people and their
behaviors. Wearable sensors are the portable devices worn or
carried by people, which capture physiological or behavioral
data

Environmental Sensors

As the Internet of Things movement continues to push more
technology into portable devices, environmental sensors that
capture multiple kinds of datafrom their ambient surroundings
have become common. Many of the devicesin this category are
small, battery powered, and can easily be stuck onto walls or
placed out of the way. Although their primary purpose is to
collect and report environmental data, these sensors can also be
used to capture other kinds of information. For example,
protocols have been developed for proximity awareness and
location-based services, including iBeacon, Eddystone, and
Quuppa.

This section focuses on the environmental sensing capabilities
of these multi purpose sensors, particularly on measurements of
light, sound, and atmosphere. Figure 3 shows a breakdown of
these properties and lists several products available on the
market, which can be used for measuring each type of data.
Environmental sensors are typically designed to remain turned
on and collect information from their surroundings at a fixed
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rate. Thisinformation is usually made available to surrounding
datahubs or smartphone devices soit can be stored or monitored
by people (see Figure 2).

Atmosphereand Light

Many of the environmental sensors listed in Figure 3 use
microel ectromechanical systems devices to measure various
properties of the environment. This technology has enabled
sensorsto be miniaturized and deployed with year-long battery
lives, but thiscomeswith asmall cost in measurement accuracy.
The underlying chipsused to assesslight levels[55], air pressure
[56], and air quality [57] have very low measurement errors,
therefore, any inaccuracies will likely be imperceptible at a
human scale. The chips often used to measure temperature and
humidity have standard errors that may be more significant:
approximately 0.5°C and 3% relative humidity, respectively
[58]. Near the boundaries of acceptable temperature ranges for
controlled indoor environments [59], an error of 1°C may
represent the difference between someone feeling comfortable
or not. Having thiskind of measurement error means researchers
would not be able to distinguish between these 2 states.
Deploying duplicate sensors in the same environment provides
some redundancy in measurement, which allows these errors
to be averaged out and may offer more discriminative power
during analysis.

Sound

Portable sensor products for measuring or classifying ambient
sounds are not widely available on the market. The Microsoft
Kinect camera is a device capable of capturing audio (and
video), but it requires a connected computer, operates on wall
power, and is not easily portable. Researchers interested in
capturing audio with portable devicesin an unobtrusive manner
have afew options. The Electronically Activated Recorder [60]
periodically samples ambient audio from a smartphone in short
bursts throughout the day. Severa DIY platforms are aso
purchasable, such as the Raspberry Pi and Arduino, which can
be customized to record microphone audio and transmit acoustic
information via Wi-Fi or Bluetooth. Audio signal quality is
highly dependent on the setup of the microphone [61] and the
types of sounds that researchers want to capture or filter out.
The DIY platforms typically offer smal omnidirectiona
microphones with midrange quality, but higher-grade
microphones can be integrated. If human-produced audio is of
primary interest, researchers may consider a similar solution,
such as TILES Audio Recorder (TAR) [27], which is described
further in the Wearable Sensors section.
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Figure 3. A snapshot of current consumer and research sensing technologies for human behavior studies in natural environments. This is not an
exhaustive diagram of sensors on the market, but it provides an overview of the kinds of data can be captured using readily available technology. PPG:
photoplethysmography; ECG : electrocardiography; EDA: electrodermal activity.
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Nonwearable Trackers Activity

Mentioned below are some of the activities that consumer
Nonwearable trackers live in the environment and monitor and  nonwearable devices can track.

capture information about human behavior. These sensors can

be categorized according to the types of signals they are Sleep

primarily designed to capture: activity, kinematics, locality, or ~ Sleep monitoring sensorsareinstalled in the bedroom, and these
physiology. Some of these devices are self-contained and offer ~ can capture information about the ambient environment and
both a data collection mechanism and a means to transmit the  personal physiological information of someone while resting.
information to a data server without a data hub. Asthesetypes  These sensors may be installed under the mattress, on a nearby
of devices are not constrained by portability, they can sample  nightstand, or on a wall near the bed. They can collect rich
dataat ahigher rate and may also offer more functionality. This ~ information about sleep patterns, tossing and turning, sleep
section concentrates on nonwearable trackers designed for use  cyclesand duration, snoring, temperature, humidity, breathing,
at homeor in an office.
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and heart rate, and they can ultimately provide details that can
be used to assess the quality of sleep.

Sport Activities

Many unique kinds of nonwearable sensors used to track sport
activities are available, including radars, cameras, tablet apps,
and sensorsbuilt into sport equipment itself. Some sensors come
integrated into sports gear, such as hikes, balls, helmets, and
even tennis rackets, each of which blurs the line between
wearables and nonwearabl e trackers. These devicesrecord data,
such as posture, gesturetype, gesture accuracy (eg, golf swing),
and practice duration, and these devices offer approximations
for exercise intensity and calories burned.

Kinematics

Mentioned below are some kinematic features of human
movement that can be captured by consumer sensors.

Motion

Human body movement dynamics have been linked to affect
and cognition [62]. Camera-based computer vision systems
allow noninvasive, scalable, and inexpensive motion tracking.
A critical issue with camera-based tracking systemsis the big
brother effect (see The Big Brother Effect section). To mitigate
participant concerns, researchers may extract rel evant kinematic
features from the videos in real time and store only relevant
features, instead of the video recordingsthemselves. If physical
space is available and the budget permits, using multiple
cameras can improve tracking accuracy. Among the available
off-the-shelf devices, the Microsoft Kinect [63], particularly
with its depth camera technology, is a common choice for
real-time full-body motion capture and gesture recognition.
Motion tracking of multiple peoplein afixed spaceis possible
using cameras, with solutions such as CrowdVision.

Gesture

The camera-based systems described in the Motion section can
also be used to track gestures, especially the Microsoft Kinect
[63]. There are freely available tools, such as the Gesture
Recognition Toolkit [64], that enable gesture recognition from
any video source. Gesture recognition for multiple bodies in
real time from single-camera sources is an active area of
research, and there are no consumer products available.

L ocality

Descriptions of sensors that capture rough estimations of
position (proximity) and more precise location measurements
are provided below.

Proximity

Modern personal smartphones support Bluetooth and can be
programmed to broadcast Bluetooth packets at fixed rates for
proximity sensing [65]. Proximity is measured using Bluetooth
hubs that receive these broadcasts and use the received signal
strength indicator values to determine a smartphone's
approximate distance from each hub. This information can be
used, for example, to monitor the amount of time participants
spend in front of their workstations or in break rooms.

http://www.jmir.org/2019/8/e12832/
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Location

Participant location data are avaluabl e information channel for
human behavior monitoring, offering a means to track the
movement patterns of individuals. Like proximity sampling and
kinematics tracking, camera-based systems have been widely
used for localization inindoor settings [66]. These camera-based
solutions require the positions and orientation of each camera
to be known. Usually, the cameras are placed out of the way
and remain stationary, but they may require maintenance if
perturbed. RFID systems are also available on the market, and
they use distributed hubs to localize individuals wearing RFID
badges. Usually, thelocation of individuals can beinferred more
accurately when more cameras or hubs are added to the
environment. It is recommended that research teams test
localization systemsin the target environment before committing
to a solution.

Physiology
Asshownin Figure 3, nonwearable sensors can measure awide
variety of physiological signals, including weight, body
temperature, chemical indicators, and cardiovascular
information.

Weight and Body Mass | ndex

Some smart scales can measure weight (mass) and assess a
subject’s body mass index (BMI) by using bioelectrical
impedance through the bare feet [67]. Devices, such as the
Withings Body+, capture both of these measurements[68], and
they can also assess a person’s total body water (TBW) [69].
Weight and BMI values are linked to obesity risk and heart
disease [70], and TBW is linked to subjects’ hydration levels
[71]. Thesesignalsmay be of interest to certain research studies,
and presently, these signals are difficult to measure using
wearable sensors.

Body Temperature

Body temperature is a known proxy measure for health and
arousal [72]. Infrared thermography devices[73] measure skin
surface temperature without direct body contact. These types
of sensors are fast and easy to operate, but the accuracy and
precision may be worse for someindividuals[74]. Researchers
desiring to use these types of no-contact body thermal sensors
are encouraged to average several measurements to improve
data quality.

Chemical | ndicators

Nonwearable smart sensors are available, and they can sample
blood, urine, or saliva to measure blood glucose level, blood
oxygen level, and pH level. Measurements from these body
fluids provide rich information about health and well-being,
and they are considered the gold-standard source for some
signals. These devices may require additional consumablesfor
measurement (eg, electrochemical strips).

Cardiovascular

A variety of available nonwearable sensors provide
cardiovascular information, such as blood pressure and heart
rate. For example, pulse oximeters collect heart rate and blood
oxygen saturation from pulse waves measured via PPG at the
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fingertips. Pulse oximeters are widely used, given their ease of
use and low cost. Smart blood pressure sensors are aso
available, such as the Withings or Omron 10 Series blood
pressure monitors. Although these sensors must be attached to
the body to capture cardiovascular data, they are not intended
to be worn for any length of time. Recently, noncontact,
video-based methods of inferring heart rate have been proposed
and shown to obtain accurate and reliable measurements as well
[75].

Wearable Sensors

Wearable sensors are separated into 2 primary groups, 1 for
devices that directly capture physiological measurements and
1 for devices that infer behavioral or activity states. A third
group encompasses sensors that infer information about the
positioning of individuals.

Physiology
This subsection describes the (relatively unobtrusive)

commercia sensors that can capture some of the wide variety
of human physiological signals.

Electrodermal Activity

EDA, aso known as galvanic skin response, can be used to
track states of emotional arousal through the skin conductance
level and responses. Sensors placed around the fingertips are
among the most accurate, but they are moreintrusive and likely
to interfere with the participants daily activities. Wristband
sensors, such as the Empatica E4, measure EDA, but they can
capture alarge amount of noisein the signal when wearersmove
or flex their arm muscles. In practice, it can be difficult to
capturethissignal reliably and unobtrusively in thewild, without
substantial noise. Denoising these signals to obtain more
meaningful measurements is an active area of research [76].

Speech

Different wearable devices have been proposed by researchers
for understanding emotions and other aspects of speechin social
situations, such as the Sociometer [77], the EAR [60] and
subsequent iEAR app, and the TAR [27] app. Privacy isamajor
concern when audio recordings are collected in public settings;
thus, some apps, such as TAR, are designed to only collect and
record anonymized acoustic features from human-produced
audio. Commercia wristband devices for collecting raw audio
in the wild are available, such as the Kapture audio wristband
or the Weefun voice recorder, but these are designed to capture
audio on demand and at the request of the wearer. The EAR
and iEAR apps autonomously and periodically record ambient
audio, but they may pose a privacy concern, especialy for
nonparticipants.

Vision

Eye trackers allow researchers to study human gaze patterns
and points of interest that attract visua attention. Wearable
consumer products for tracking gaze typically look like glasses
and use cameras to track eye movement relative to each
participant’s forward head direction. Some of these products

require calibration, where users are asked to look at a fiducial
marker to realign the calculated gaze direction. Researchers
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should be aware that participants may need to calibrate
periodically to maximize gaze tracking accuracy.

Cardio

Heart rate and heart rate variability measurements have been
linked to activity levels, emotional arousal, stress, restfulness,
and general fitness [78]. Wearable sensors are well suited to
track the heart’s behavior. It is currently possible to obtain
unfiltered 200 Hz electrocardiograms throughout the day with
chest straps, smart shirts, and undergarments. Wristband sensors
offer PPG technology that collects volumetric measurements
of blood flow. PPG-based wristbands provide heart rate and,
sometimes, blood volume pulse metrics, but researchers often
cannot access the unfiltered PPG data, as these are processed
and transformed by the hardware in the device (usually to save
power). Presently, heart rate information, as provided by PPG
sensors, may not be accurate (see Data Properties and Quality),
as evidenced by the study by Benedetto et al [48]; therefore,
researchers should exercise caution when using this technol ogy.
Respiration

Many chest strap [79] devices that capture ECG data are also
capable of measuring respiratory information. These devices
use stretch sensors in the strap wrapped around the chest to
capture inhalation and exhalation and produce breathing
frequency and volume per breath measurement. There are also
other accelerometry-based devices that attach to the waist and
extract the same measures by ignoring all motions, except those
caused by breathing. Respiration sensors offer insight into
physical activity intensity, recovery, and calmness when
participants are at rest [80].

Temperature

Skin temperature provides information about participants
comfort levels, exercise efficiency, and physical well-being (eg,
because of a fever). Some wearable garments that aready
measure ECG and respiration rate (eg, QardioCore) can capture
skin temperature conveniently. Some wristband sensors can
measure skin temperature as well (see Figure 3).

Brain Activity

Devices measuring brain activity using el ectroencephal ography
(EEG) have become more abundant in recent years. Numerous
portable and wearable EEG headsets exist, with varying numbers
of electrodes for capturing voltage levels at the scalp, and each
one offers different sampling rates and monitors activity in
different regions of the brain (Brodmann areas). Many of these
portable headsets transmit data via Bluetooth, enabling
smartphone appsto receive, process, and upload the data. Some
devices require the data to be received and processed by a
companion app running on a personal computer. Although the
underlying technology is very similar for most devices and a
standard exists for electrode placement (the 10-20 system), the
captured signals may vary from device to device because of
several factors: dry versus wet electrodes, sampling rates,
number of channels, and degree of sensitivity to ambient (noisy)
electromagnetic radiation.
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Light Exposure

Sunlight exposure has been linked to sleep behavior and overall
mental health. Special-purpose ultraviolet and visible light
devices with smartphone integration, such as the Sun-Sprite
light tracker, are available and can help researchers monitor
participants’ exposure to sunlight during the day. Many of the
wearablewristbandsthat capture heart rate and other physiologic
information can also track ambient light levels (see Figure 3).

Activity Tracking

Unique sensors have been developed to track various physical
and contextual human activities, which are outlined here.
Socializing

Some wearable technologies can capture information about
person-to-person social interactions. Active RFID or Bluetooth
devices, such as the Humanyze badge, detect when 2 or more
peopl e are standing next to and facing each other. These devices
and other wearable voice detectors (previously mentioned in
the Physiology section) can aso help determine when vocal
exchanges occur between people nearby. Together, these types
of sensors can aid researchers in assessing when group
socialization occurs, how long it lasts, and who isinvolved. In
practice, it is often difficult to determine who is speaking, and
when anonymized audio features are collected instead of raw
audio [81]; deciding whether a vocal utterance is intended as
part of aconversation isan open research question. Neverthel ess,
even noisy inference of group socia activity may be beneficial
for aresearch endeavor.

Gestures

Human gestures contain valuableinformation in social contexts
and provide insight into kinesiologic activity while at work or
at home. Wearable sensors for gesture tracking commonly use
IMUs to record mation of the arms and legs, and they may use
electromyographic muscle sensors to detect certain kinds of
hand gestures. The data can be streamed in rea time via
Bluetooth to smartphones or data hubs.

Motion

Many research efforts have previously observed a strong
correlation between physical activity and both physica and
mental health. With the explosion of fitness trackersin the last
few years, it is now possible to track body movement and
exercise patterns with relatively inexpensive wearable devices.
These devices come in a variety of form factors with very
different qualities and captured signal characteristics. One of
the most common forms is the wristband, with other options
including chest straps, shirts, and undergarments. Many of these
devices contain embedded accelerometers and gyroscopes to
record trandations and rotations of the body over time. In
addition, some devices may directly provide time series IMU
data, whereas others may digest this to produce higher-level
motion features, such as step count or distance traveled.

Posture

Some smart shirts and chest straps (mentioned in the previous
section) can also be used to track the posture of participants.
These devices contain IMU datathat can be processed to obtain
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information about whether the wearer is sitting or standing,
what his or her angle is with respect to the ground, and about
dleeping posture (eg, resting on one’s back, front, or side). Other
sensors for gesture tracking attach to the arms and legs and can
help provide a more holistic view of the entire body’s posture
over time.

Cadence

Cadence measures capture the consistency of repetition of
motion over time and offer information about physical fitness,
activity intensity, and physical exertion. Some devices provide
cadence measures directly (usualy for physical activity), but
cadence can also be inferred and analyzed from other available
motion modalities, such asIMU data.

Sleep

The Nonwearable Trackers section mentions nonwearable
devices for tracking sleep, but many unobtrusive wearable
devicescan do so aswell. Some wristbands and smart garments
that track heart rate and motion can detect when a person is
sleeping, and they can infer information about sleep stages and
sleep quality from these data streams. Accurate sleep stage
tracking from these types of data streams is a continuing area
of research, and although many devices offer deep metrics, they
have not been validated thoroughly by the scientific community.
These reported valuesmay still be useful, but researchers should
be cautious when using these sleep metrics.

Step Count

Step count can be inferred from wearables using IMUs that
track motion and posture; therefore, it can be measured using
wristband and garment devices. Bluetooth-enabled pedometers
worn at the waist or tied to shoes are other options. Newer
iPhones can also easily measure step count, which is calibrated
using GPS information. The number of steps counted for any
given activity will vary among devices and across participants
because of differences in motion and how the motion is
interpreted by the sensors. Particularly, wristband sensors may
misinterpret activities involving repetitive arm motion (eg,
washing dishes) as steps and introduce measurement error.

Personal Device Use

Apps for tracking smartphone usage have been developed to
help people monitor and manage their own time, and they can
also be used for research purposes. These apps primarily track
how frequently users pick up their smartphones and how long
they spend using different apps each day. Some of these tools
can also track social media and internet use.

L ocality

Some wearable sensors are able to provide coarse
approximations of location (proximity) and finer location
estimates (localization), which are described bel ow.

Proximity

Proximity-based locality measurementsyield rough estimations
of location by proximity to other a priori known locations,
usually measures through time-of-flight or received signal
strength. The systems available for tracking proximity use a
deployment of Bluetooth, Wi-Fi, or RFID hubs, with known
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locations, to track the presence of wearable devices. Wearable
badges and cards can be purchased for each participant, which
are detectable by these hubs, but it isal so possiblein some cases
to track devices that participants might already have on their
person, such as smartphones. These proximity tracking systems
are useful for detecting potential social interactions among
nearby people or detecting when people are present in aknown
area.

Localization

Localization is the process of measuring or inferring a precise
approximation of a person or object’'s location. Most
smartphonestoday provide GPS-based |ocation services, which
provide accurate location measurements that are useful for
tracking human movement at city scales. Other systems, such
as dense Bluetooth or RFID hub network, can be used in
conjunction with Bluetooth beacons or RFID cards carried by
participants, and they provide precise estimations of their
position in indoor environments. Location data are highly
sensitive, and extra steps may need to be taken to securely
collect, deidentify, and transmit this type of information.

Results

Overview

In early 2018, a research team (including the authors) began
preparations for an in situ study at the University of Southern
California's Keck Hospital, per the MOSAIC program [82],
using sensors to track nurse and hospital staff behavior in the
workplace and at home. The project aimed to understand how
physiological dynamicsand behavior both at work and at home
are associated with personality, well-being, and work
performance.

This section shares results from the application of the methods
previously described. The team’s experiences and rationale for
selecting sensors to help achieve the research objectives are
discussed, as well as how compliance was monitored and
encouraged during the study. Metrics for attrition and
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compliance rates are provided. For a more detailed overview
of the data collection itself, including IRB information, readers
are referred to the retrospective study by Hasan et a [83]. A
full description of the dataset and collection methodol ogy will
appear in a future publication; this section focuses on aspects
related to sensing and data flow.

Study Goalsand Constraints

The primary goal of MOSAIC wasto useinformation gathered
through commercially available sensors to study the predictive
power of these types of sensorsfor ng personality traits,
aswell aswork-related behaviors and mental states throughout
time. Owing to the complex trade space encompassing consumer
sensors, creating a data collection protocol that met the project
goals and was satisfactory to the participants and hospital
environment required many iterations and challenging decisions.
These deliberations and the data collection protocol that resulted
led to a study, including over 200 hospital staff participants
over a 10-week period and with an attrition (dropout) rate of
4% (primarily because of vacation conflicts).

Signalsand Sensors

The signals of interest and sensor selection rationale are
described below. The sensors employed in this case study, on
the basis of the various study constraints, are also described.

Signals of I nterest

Previous literature, related studies, and experience all revealed
many physiologic signals of interest for capturing data likely
related to work behaviors and mental states. Some of these
signals, such as EDA and brain waves, were not possible to
capture accurately in the wild over extended periods using
consumer sensors. The research team initially reduced the list
of potential signals of interest down to the ones that could be
captured with unobtrusive sensors, based upon a survey of
existing technol ogies (see Figure 3). Table 2 showsthese signals
and a short explanation of the expected utility for each in
meeting the research objectives.

Table 2. Signals of interest in the case study that were measurable using consumer sensors.

Signal Reason for interest

Cardiac Connection to exercise, fitness level, and stress levels [84,85]

Physical activity Linked with stress[86]

Sleep Health (physical and emotional) [87,88]

Speech Contains information about emotional expressions [89] and information related to socia interaction
Breath Calmness, stress, anxiety, and speech activity detection [80,90]

Environment and distractions

Locality

Connection with workplace performance, anxiety, and stress [91]

Captures workplace behavior and job role dynamics [92] and context for the job types of interest

Sensor Selection Rationale

As the study continuously required the collection of data over
several months, one of the top priorities was to minimize the
burden on participants to achieve a high compliance rate and
capture representations of behavior in the wild. As previously
described in the Burden to Participants section, the study took
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aholistic approach to assessing the participants’ responsibilities
and duties, including their timeinvested in compliance, physical
disruption, cognitive load, and interference with their daily
activities. While keeping these burdensin mind, each paragraph
bel ow describes how sensorswere chosen to capture each signal
of interest.
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Cardiac and Physical Activity

Several form-fitting garments with ECG sensors were tested,
and many provided the data quality desired (see Figure 3 for
the list). Chest strap sensors were found to be uncomfortable
for daylong use (asthey are designed for exercise sessions), but
the existence of different form factors of ECG garments (eg,
shirts, bras) made it possible to gather high-quality data across
genders. Some of these garments continuously collected
high-quality data throughout the day, but they required that the
physical box recording the data and hidden inside was hooked
up toacomputer viaUSB onadaily basisfor datatransfer. This
step seemed cumbersome for participants; therefore, another
similar garment that could stream the data to the subjects
personal smartphoneswas selected. The caveat with this second
device was its companion app, which required a manual start
and stop of the data recording process. Theresearch team el ected
to have subjects wear these garments only during work hours
to avoid potential discomfort associated with wearing them all
day. Participants were also assisted in setting location-based
reminders on their persona phones to start and stop the
recordings. Heart-related information and other physical
activities outside of work were aso tracked by asking
participants to continuously wear a wristband.

Sleep

Many unobtrusive sensorswere capable of capturing information
about sleep duration and sleep stages. Some sensorsrequired a
one-time installation on or near the bed, and then they would
automatically detect and monitor participants when the
participants were sleeping. Nurse focus groups had privacy
concerns, therefore, wearable sensors were deemed more

Figure 4. Setup of the TILES audio recorder [27].
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Breath

Commercially available portable breath sensors measured the
expansions and contractions of the chest. Some of these sensors
were stand-alone devices attached to the waist or chest, and
somewereintegrated into other multi purpose sensing garments.
Once the research team decided on a comfortable device for
capturing ECG, they found that breathing rate information was
already available; therefore, the same device was used.

Environment and Distractions

Environmental sensors for capturing temperature, humidity,
and door motion were used. Statistics about social media and
general phone usage were acquired with the participants
permission and with the help of smartphone appsrunninginthe
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appropriate. To minimize cost and the burden of wearing
multiple sensors, a wristband sensor was chosen, which was
capable of capturing sleep and the cardiac and physical activity
signals mentioned previously. Participants were asked to wear
the band every day, including during sleep.

Speech

At the time of the study, no portable consumer devices were
available for automatically sampling only human-produced
audio. The research team programmed a smartphone app to
automatically start, run in the background, and collect audio
samples of ambient human utterances [27]. To address Health
Insurance Portability and Accountability Act concerns about
hospital patient and nonparticipant privacy, relevant information
about the emotional content of the voice signal was computed
by the device, and the raw audio signal was immediately
discarded. Moreover, participants could disable the recording
process for intervals of half an hour, by pressing abutton in the
app, after which the recording was resumed. Collecting
low-noise audio required the smartphone’'s microphone to be
placed near the mouth, and the research team wished to avoid
using external microphonesto avoid further participant burdens.
Research staff met with representatives from the potential
participant pool to discuss unobtrusive solutions and discovered
that hospital personnel were aready accustomed to wearing
hospital badges on their lapels. Credit card—sized smartphones
were acquired to run the custom software, and then these were
attached to the participants' shirts, with a clip to get the
microphone closer to the mouth [27], as shown in Figure 4.
Although this solution may have been unacceptable for some
subject populations, it was appropriate for the hospital workers
in this study.

background on their personal phones, requiring little power and
no interaction after the initial setup.

L ocality

Precise localization of subjectsinside the hospital was deemed
prohibitively expensive and would have required several months
of installation time; therefore, approximate measurements of
location by proximity to known locations were used instead.
Asdescribed previously in the Wearabl e Sensors section, using
adense hub network and wearable consumer sensors, there were
2 genera ways to achieve this: tracking participants
smartphones or tracking other worn wireless communication
devices. Thelatter option was chosen using the audio recording
phonesfor tracking to avoid any power draw from participants
personal phones.
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Selected Sensors and Expected Use

Table 3. Selected sensors and their expected use.
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Table 3 showsthe selected sensors and theintended usage period
for participants, per the study protocol.

Sensor Measurements

Intended usage period

Fitbit Charge 2

sleep
OMsigna garments Electrocardiography-based heartbeat, breath,
Unihertz Jelly Pro Audio features, Bluetooth-based localization

reelyActive's Owl-in-One
Sensors

Minew EB, ES, S1 Light, motion, temperature, and humidity

Photopl ethysmography-based heart rate, step count, and

Bluetooth-based localization, data hub for environmental

24 hours per day

motion At work (12-hour shifts)
At work (12-hour shifts)

Installed at the University of Southern California’'s Keck
Hospital, 24 hours per day

Installed at the University of Southern California’'s Keck
Hospital, 24 hours per day

Data Flow

Figure 2 depictsagenera flow of information for measurements
obtained through sensors. In the study, all 3 kinds of sensors
(in the left column) were used: environmental sensors,
nonwearable, and wearable. All of the sampled data flowed
through 2 different intermediate types of data hubs: Bluetooth
data hubs connected to Wi-Fi and personal smartphones.
Personal computers were not used to retrieve any data in an
effort to reduce the time spent by participants uploading data
to different servers.

Wireless passive sensors capturing information about light
levels, temperature, and humidity were used, which transmitted
information over Bluetooth. In addition, the participants wore
Jelly Pro phonesthat were programmed to send Bluetooth pings
with unique identifiers. The Owl-in-Ones received the data.
They were connected to the public Wi-Fi network of the hospital
and transmitted the data over this network to reelyActive's
servers, from which the data were retrieved in real time, using
aprovided API.

Audio datarecorded by Jelly Pro phoneswere directly upl oaded
to the research server, using hospital or home Wi-Fi networks.
Wi-Fi was necessary because of the size of the files,
approximately 8 GB per day.

Data transfer took place from Fitbit Charge 2 devices to
participants’ smartphones over Bluetooth, followed by data
upload to Fithit's servers through the smartphones' internet
connections. Theresearch server then retrieved these datausing
Fitbit's API. The same flow was employed by the OMsignal
garments, using OMsignal’s API.

Feedback for participants happened through a custom app (the
TILES app) via push notifications. This app sent surveys to
participants and gave them notifications about sensor usage and
the quality of their previously received data when necessary.

Monitoring and Encouraging Compliance

Minimizing participant frustration in a study can help improve
compliance and overall data quality [14]. This was one of the
top priorities in this case study, and this was achieved by
reducing cognitive burdens on participants, offering monetary
incentives and consistent feedback to participantsfor compliance
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and providing convenient help whenever the participants
encountered difficulties.

A custom smartphone app for the participants was developed,
and it served asthe primary resource for all aspects of the study.
This app provided progress and monetary reward tracking,
information about the study and protocol, and direct contact
links for requesting help, and it also distributed questionnaires
and reminders. Participants were rewarded for uploading their
data daily, per the study protocol, which allowed the research
team to monitor compliance and data quality every night. Each
morning, the app provided feedback to the participants by letting
them know whether their previous day’s data had been received
and whether the quality was sufficient. If the datawere missing
or quality was poor, the app reminded participants to
double-check their sensors or seek help from the research team.

On-site assistants were always available during work hours to
help participants who encountered difficulties during the study.
Participants were ableto drop in for help, or they could request
for assistantsto visit them and provide in-person support. These
assistants actively engaged with participants who had recently
upl oaded poor-quality datato help make suretheir deviceswere
worn and functioning properly.

Metrics

Table 4 showsthe average data compliance rates across different
10-week waves of this study for different sensors. The attrition
rate was under 4% across all participants, and most of the
participants dropped out because of vacation time conflicting
with the study’s participant inclusion criteria. More details about
the study, including information about poststudy surveys on
user experience, are available in the study by Hasan et al [83].

Figure 5 shows a histogram of the number of hours each sensor
was used per day across all participants, where days with no
logged data are not shown. This figure illustrates that on
average, Fitbit was used about twice the amount of time as other
sensors, which was in line with expectations. Moreover,
although both the Jelly Pro and OM garments were designed to
be used by participants at work, thereis anoticeable difference
in usage. This is partly explained by participants starting the
recording of their OM garments at home rather than at work. It
can also be explained by the fact that the Jelly Pro recording is
activated only when participants or nearby persons are spesking.
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The Fitbit usage of the subject cohort isin linewith other studies
[93], which claim 70% to 90% of compliance using wristband
sensors. Compliance rates for the OM garments and the Jelly
Pro are and were expected to be lower, asthese devicesrequired
more attention from participants.
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For Fitbit, the mean usage among all days with logged data is
17.8 hours, with an SD of 4.0 hours. For the OM garments, the
mean is 10.6 hours, with an SD of 1.8, and for the Jelly Pro
audio recorder and localizer, the mean is 8.4, with an SD of 2.1
hours.

Table 4. Compliance rates for participant-tracking sensors (n=212) and environment sensors (n=244) in the case study.

Sensor type and signals Sensors Participant ~ Total hours  Compliance Definition of compliance
who opted, n rate®, n (%)
(%)
Participant-tracking
Cardio, sleep, and steps Fitbit 208(98.1) 236,725 152 (73.1)  Average fraction of days per participant
with >12 hours of data
Cardio, breath, and motion OMsignal 208(98.1) 44,240 125(60.1)  Average fraction of work days per partici-
pant with >6 hours of data
Audio Jelly 184 (86.8) 37,065 131(61.8)  Average fraction of work days per partici-
pant with >6 hours of data
Locality Jelly+Owl- 184 (86.8) 37,065 131(61.8)  Average fraction of work days per partici-
in-one pant with >6 hours of data
Environment
Temperature, humidity, and motion Minews — — 239 (98.0) Uptime of the sensor network

8Complianceiscomputed asthe presence of dataexceeding half of the measurement period per day among the participants who opted in for each sensor.

Figure5. Histograms of the total number of hours of recorded sensor data per day, across all participants. These plots only show data from days where

data was logged.
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Discussion

Principal Findings

The methods previously presented are evaluated with respect
to the case study outcomes in 2 ways: participant compliance
and the number of emergent unexpected challenges during the
datacollection period. More detailsare provided in thefollowing
subsections, but they can be summed up in the following
manner: (1) participant compliance was satisfactory, yielding
alarge average number of hours of data per participant per day;
(2) the unexpected challenges were manageable and had either
very short-lived or isolated impact on the study.

These metrics suggest that the methods and mitigation strategies
presented in this paper asaguide for researchersare helpful for
sensor selection and management during longitudinal human
behavior studiesin the wild.

Participant Compliance

Participant compliance rates in the case study fall within an
expected range when compared with observed complianceratios
in similar study conditions from the study by Merilahti et al
[93]. The work from the study by Limaet al [94] observes that
participant compliance decreases over timein long-term studies,
whichisalso observed in this study. Overal, asufficient number
of hours of data per day per participant are collected for
statistical analysis; therefore, the compliance levels are
satisfactory.

Unexpected Challenges During the Case Study

This section recounts the unanti cipated chall enges encountered
during the study despite efforts to avoid them during study
planning. Unexpected challenges are defined as the events that
were deemed unlikely to happen or that were not considered a
priori, and these negatively affected the project budget,
schedule, participants, or data. Each of the occurrences below
were either isolated incidents, affecting only a narrow piece of
the research project, or were short-lived, as the research staff
was able to address them quickly. The following subsections
present potential strategies for mitigating each of these events
in future studies.

Shipping Dependencies and Customs

Some bundled sensor shipments were delayed because of
product dependencies on secondary companies with limited
shipping capacities. Urgent sensor package shipments from
other countries were sometimes held up by the customs
authority. In future studies, it would be best to be aware of the
shipping capabilities of each product company and any potential
shipping delays when preparing a study schedule.

Installation Time

The research staff underestimated the time required to install
on-site sensors at the hospital. Although floor plans were used
heavily for placement planning, they did not include locations
of the electrical outlets. Several iterations and supplemental
cabling were needed to install sensorsacross 16 different nursing
units with similar layouts but different electrical circuit
restrictions. Moreover, as most sensors were installed in
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patients rooms, more trips to the data collection site were
needed than expected to accommodate patient needs. Starting
the installation process early can help researchers identify this
problem in advance and budget time accordingly.

Battery Life

The Jelly Pro devices running the custom TAR app ran out of
power for some of the participants early on during data
collection. The parameters of the TAR app were tuned on the
basis of the data collected during a pilot study from a subset of
the final participant pool, but this subset did not reflect the
worst-case scenario for power consumption. The battery lifein
this case depended on how many times vocal audio recording
was triggered by the automatic voice activity detector, and the
hospital staff in highly social environments triggered it more
often than the worst case in the pilot study. The research team
responded by recollecting the Jelly devices and modifying the
parameters overnight. A possible strategy for mitigating this
issue would be to design a pilot study that includes more
participants at the expected extremes of the measurement
spectra, but this may negatively affect the expected average-case
findings. Perhaps a better strategy would beto implement tools
to remotely or more easily update the parameters for all
participants in anticipation of this type of issue.

Sensor Synergy

As the Jelly Pro devices served 2 functions in this study
(collecting vocalized audio and proximity detection), when the
power consumption exceeded expectations, 2 data streamswere
affected instead of 1. For sensors serving multiple purposes,
thereisgreater risk to the data quality when they fail; therefore,
proper stress testing and tooling (as mentioned in the previous
paragraph) should be prepared before the main study.

Sensor Discomfort

Some participants acquired rashes caused by skin friction with
thewrist-worn or undergarment sensors. Thisoccurred because
the sensors these participants used were improperly fitted or
sized, and the discomfort they produced led to a short-term loss
of datawhilethe participants recovered. The pilot study helped
the research staff identify and mitigate some fitting concerns,
but it was not enough to handle all the cases during the main
study. The team reached out to the product companiesfor these
sensorsto get help with proper fitting procedures, and with their
guidance, they were able to find proper fits for each affected
participant. Better approaches for mitigating the risk of data
loss here would be to solicit help with fitting and sizing from
the product companies earlier and then incorporate that wisdom
into the study (as mentioned in the Provider Support section),
as well as consider different options for materials that are in
contact with the skin (eg, Fithit offers wristbands of different
materials).

Data Pipeline Failure

Monthsinto the main datacollection, 2 site-wide disconnections
of the environmental and proximity sensors occurred. These
devices were al connected to the existing hospital Wi-Fi
network, and the research server’s data monitoring processes
identified this event immediately. Within 24 hours, research
staff was dispatched to manually power cycle the devices and
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ensure they reported gathered data upstream. Although these
sensorswere stress-tested during the pilot study and determined
to be robust to power and network outages, they did not all
recover automatically in these 2 instances. Having a separate
backup system in place (eg, an extrafirmware layer to perform
asoft reboot) may help improve robustnessin these unexpected
situations, but the datamonitoring processes enabled researchers
to respond quickly in thisinstance.

Conclusions

Thisviewpoint highlights and enumerates many of theresearch
challenges faced during studies conducted in the wild, when
using sensors for unobtrusively capturing human activity and
behavior; presents a diagram illustrating information flow and
an explanation of the roles of different computerized devices
for data collection, transmission, and storage; and provides as
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acomprehensivelist of criteriathat researchers should carefully
consider when conducting their own studiesin natural settings,
including explanations of trade-offs among them. The paper
offers an overview of the state of current consumer technology
for unobtrusive sensing in the wild, and it provides a snapshot
of many of the products available for measuring different types
of environmental, physiological, and behaviora data. The
information presented isbased on previouswork and theteam’s
experiences in executing a large-scale 10-week study for
assessing human behavior, well-being, and performance in a
hospital environment using avariety of sensors. The collection
of methods and criteria for sensor selection and management
were evaluated, using this study, with respect to compliance
rates and the impact of unexpected emergent challenges that
arose during data collection.
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Abstract

Background: Individuals with spinal cord injury (SCI) are at risk for secondary medical complications, such as urinary tract
infections (UTIs) and pressure injuries, that could potentially be mitigated through improved self-management techniques. The
Interactive M obile Health and Rehabilitation (iMHere) mobile health (mHealth) system was devel oped to support self-management
for individuals with disabilities.

Objective: The main objective of this study was to determine if the use of iMHere would be associated with improved health
outcomes over a9-month period. A secondary objective wasto determineif the use of iIMHere would be associated with improved
psychosocial outcomes. Phone usage, app usage, and training time data were also collected to analyze trendsin iMHere use.

Methods: Overall, 38 participants with SCI were randomized into either the intervention group who used the iMHere system
and received standard care or the control group who received standard care without any technol ogy intervention. Health outcomes
were recorded for the year before entry into the study and during the 9 months of the study. Participants completed surveys at
baseline and every 3 months to measure psychosocia outcomes.

Results: Theintervention group had a statistically significant reduction in UTIs (0.47 events per person; P=.03; number needed
to treat=2.11). Although no psychosocia outcomes changed significantly, there was a nonsignificant trend toward areduction in
mood symptoms in the intervention group compared with the control group meeting the threshold for clinical significance.
Approximately 34 min per participant per month were needed on average to manage the system and provide technical support
through this mHealth system.

Conclusions: Theuse of theiMHeremHealth system may be avaluabletool in the prevention of UTIsor reductionsin depressive
symptoms. Given these findings, iMHere has potential scalability for larger populations.

Trial Registration: Clinical Trials.gov NCT02592291; https://clinicaltrials.gov/ct2/show/NCT02592291.

(J Med Internet Res 2019;21(8):€14305) doi:10.2196/14305
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Introduction

Spinal cord injury (SCI), aninsult to the spinal cord that ismost
commonly traumatic, can be a life-changing diagnosis. In the
United States, approximately 17,000 new injuries occur each
year, resulting in a prevalence of 285,000 [1]. Beyond the acute
injury, theimpact to these individual s and the health care system
is lifelong and costly. Incomplete tetraplegia, for example,
accounts for 47.7% of SCI cases, entailing an average annual
cost of care of US$1,102,403 for thefirst year and US $191,436
for subsequent years because of the multiple potential chronic
complications of SCI [1]. While the primary characteristics of
SCI include strength loss and sensory loss, these chronic
complications can result in increased mortality, health care
costs, treatments, and hospitalizations[1,2].

There are multiple complicationsthat can occur after SCI. Two
of the most common chronic complications are urinary tract
infections (UTIs) and skin pressureinjuries. UTIs occur because
of neurogenic bladder [3] and bacteria entering the bladder
during catheterization or catheterization not occurring on a
consistent schedule, leading to retention of urine and growth of
bacteria[4]. Diseases of the genitourinary system were the most
common cause of death in SCI populations 40 years ago;
however, the introduction of clean intermittent catheterization,
treatment of bladder spasticity, and appropriate antibiotic
treatment have resulted in a decrease in UTIs and related
complications[2]. Skin pressure injury isaloss of oxygenation
to the tissues caused by inadequate pressure relief that is
triggered by poor sensation and impaired mobility [5].
Additional complicationsfrequently associated with SCI include
neurogenic bowel, pulmonary compromise, spasticity, and
depression [2]. Depression is prevalent in the United Statesin
1 out of every 5 individuals with SCI as compared with 1 out
of 20 people without disabilities [6].

Given the complex nature of SCI, people with SCls and their
families require extensive training and constant vigilance to
prevent secondary complications[7]. Frequent communication
isrequired between the patient and their medical team to prevent
or treat complications [8]. As a result, the potential exists for
using mobile health (mHealth) platformsto allow patients with
SClI to proactively monitor their hedth and gan
self-management skills to prevent complications.

Smartphones have become ubiquitousin American society, with
over 77% of Americans owning a device in January 2018,
compared with 55% in 2014 and 35% in 2011 [9]. Over 98.7%
of individuals in developed countries and 70.4% in lesser
developed nations have mobile broadband subscriptions [10].
However, the prevalence of maobile phone and mobile internet
usage in the SCI population is not well studied. From 2010 to
2014, 46% of participants in the SCI Model Systems Centers
reported using the internet on their phone [11]. It can be

http://www.jmir.org/2019/8/e14305/

expected that smartphone usage among individuals with SCI
will continue to increase in the future, as those who use
smartphones preinjury will continue to use them post injury.

The use of mHealth platforms is likewise gaining popularity.
New systems are being studied for many different types of
patient populations and conditions, including older adults[12],
chronic obstructive pulmonary disease [13], diabetes[14], and
bipolar disorder [15]. The Apple App store and Google Play
store each contain over 100,000 health and wellness smartphone
apps, and developers are beginning to target chronicaly ill
individuals, particularly those with diabetes, obesity, and
hypertension [16]. Some apps used within rehabilitation
populations have had positive impacts on mobility and
self-management [17]. However, few randomized controlled
trialsusing robust mHealth self-management interventions have
been conducted.

The Interactive Mobile Health and Rehabilitation (iMHere)
system (Figure 1) was developed to promote self-management
for persons with disabilities and to facilitate communication
between patients and their medical teams [18].

The first clinical trial of the iMHere system was conducted in
the spinabifida (SB) population. It wasfound that higher usage
of iIMHere was associated with improved self-management
skills, less caregiver assistance, and adecreasing trend in UTIs
and emergency department (ED) visits[19]. Cost savings from
the use of the system were estimated to be over US $15,000 per
user per year. In aseparate study, about 80% of individualswith
SB and their caregivers felt the app would be easy to use and
make a positive impact [19].

Many of the medical challenges in those with SB, including
impaired mobility, neurogenic bowel, neurogenic bladder,
insensate skin, polypharmacy, and depressed mood, are also
present for those with SCI. Therefore, it wasanatural extension
to apply the iMHere system to the SCI population.

The goal of this study was to determine whether the use of the
iMHere system would be associated with better health and
psychosocial outcomes in patients with SCI. We hypothesized
that the use of the app in addition to standard care would result
in alarger magnitude of improvement in health outcomes (the
primary outcome measures) and psychosocial outcomes (the
secondary outcome measures) compared with a control group
receiving standard care. Health outcomes were defined as the
number of UTIs, number of pressure injuries, and number of
ED visitsand hospitalizations. Severa specific survey outcomes
were used as psychosocia metrics that described functional
independence, quality of life, and mood.

An ancillary aim of the study was to determine whether any
metricsrelated to phone use or app complianceimpacted health
and psychosocial outcomes. The time associated with managing
the system and providing technical support was also evaluated.
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Figurel. TheiMHereinterface. (a) Home screen with modules; (b) Screen for skin check reminder; (c) Reminder example; (d) Screen for charting a
wound location; (€) Web-based portal used by coordinator to track iMHere users; (f) Example of a wound photo uploaded through the iMHere app.

iMHere: Interactive Mobile Health and Rehabilitation.

Methods

Study Design

This study was a randomized control study. Baseline datawere
collected before randomization. Participants were randomized
using a random number generator in Microsoft Excel
(Microsoft). The control group received the standard of carein
an outpatient physiatry SCI clinic and no technologic
intervention. Sandard care involves a patient being seen by an
SCl-trained physician in an outpatient clinic on an intermittent
basis, with follow-up as needed based on current health status,
as determined by the physician. As part of standard care, the
patientisableto call into speak to anurse, who can triage cases,
offer recommendations, and pass concerns onto the physician.
The physician can then decide whether any further evaluation
is needed, which may include aclinic visit, recommendation to
go to the ED, diagnostic testing, etc. The intervention group
was given a Samsung Galaxy Sb smartphone with the iMHere
app and received standard care in the same outpatient physiatry
SCI clinic. Owing to the nature of the intervention, the study
participants could not be blinded. However, the investigators
who reviewed medical records and collected retrospective data
and the individuals who conducted interviews were blinded to
the participant group. It should be noted that the investigators
who reviewed the electronic medical record were a physiatrist
and physical therapist. Surveyswere conducted by occupational
therapy, medical, and nursing students. Consolidated Standards

http://www.jmir.org/2019/8/e14305/
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of Reporting Trials guidelineswere used in the devel opment of
thisstudy and in reporting the results. This study wasregistered
in Clinical Trials.gov, under registration number NCT02592291.

Recruitment and Participants

This study was approved by the institutional review board of
the University of Pittsburgh; all participants provided written
informed consent. Participants were recruited from local
physiatry-based SCI and assistive technology clinics. The
inclusion criteriawere (1) age 18 years and older; (2) diagnosis
of SCI; (3) attends an outpatient physiatry clinic for SCI; and
(4) lives in a community setting, rather than in a residential
facility that provides care. The exclusion criteria were (1)
diagnosis of severeintellectual disability or severe and persistent
psychiatricillness and (2) actively participating in aconcurrent
wellness pilot program.

Interactive Mobile Health and Rehabilitation System

The iMHere system (Figure 1) consists of an app used by the
participant in the community and a Web-based portal for the
clinician. The app includes several modules: (1) medication
management, including medication administration reminders,
the ability to upload photos of the medications, and customizable
descriptions of the purpose for taking them; (2) urinary and
bowel program reminders, with a system for reporting
concerning symptoms; (3) skincare tracking with photo
capabilitiesto monitor for pressureinjuries and skin breakdown;
(4) mood tracking with validated surveys; and (5) messaging,
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to communicatewith aclinician [20]. The system has undergone
multiple patient-centered design iterations to optimize the app
for use by individuals with disabilities and their caregivers
[19-25]. Intervention participants received 30 min of training
to use the app. This involved app navigation, how to set up
reminders, and how to record information in each module. The
participants were told to use only the modules relevant to their
recommended care regimen. After setting up the modules, the
app would send them reminders in conjunction with their
personal self-management routine. Participants were asked to
respond to all reminders when they appeared on their device.
If during their skin check reminder, they found apressureinjury,
they were instructed to upload the location and a photo to the
system. A physical therapist acted as the wellness coordinator,
monitoring participant data using a Web portal and
communicating with them electronically viatheir app.

Health Outcomes

Health outcomes were collected by retrospective chart review
for the 9 months before the study as well as for the 9 months
during which each participant was enrolled in the study.
Individual phone interviews with patients were used to verify
or clarify information in the medical record. The number of
UTIs and pressure injuries were both used because of the high
incidence of such events in individuals with SCI [1]. Number
of ED visits and hospitalizations were included because ED
visits and hospitalizations both result in increased health care
costs. The following health outcome measures were collected:

« Number of UTIls. Number of symptomatic UTIs with
positive urine cultures that were subsequently treated with
antibiotics.

«  Number of pressure injuries: Number of unique episodes
of skin breakdown, at |east stage 2 or above, based on the
National Pressure Ulcer Advisory Panel guidelines[26]. A
unique pressure injury was defined either asawound in a
different area of the skin or in the same area with
documented compl ete healing before reinjury.

»  Number of ED visits: Number of encountersin the ED for
any reason.

«  Number of ED visits because of UTIs or pressure injury:
Number of encounters in the ED specifically for UTI or
pressure injury diagnosis, evaluation, or treatment.

«  Number of hospitalizations. Number of admissions to the
hospital for any reason.

«  Number of hospitalizations because of UTIs or pressure
injury: Number of admissions to the hospital specifically
for UTI or pressure injury diagnosis, evaluation, or
treatment.

Psychosocial Outcomes

All participants were individually interviewed over the phone
at baseline and every 3 months for 9 months, for a total of 4
interviews, using several psychosocia outcomesthat arewidely
employed and validated to assess independence, mood, and
quality of life in individuals with disabilities. The following
guestionnaires were used:

http://www.jmir.org/2019/8/e14305/
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1. Canadian Occupational Performance Measure (COPM),
which isa self-reported measure of self-care, productivity,
and leisure [27].

2. Adolescent Self-Management and Independence Scale,
which measuresindependence and self-management skills.
The scale contains 10 items that measure independent living
and 7 items that measure self-management skills and is
valid for use in adults [28].

3. Beck Depression Inventory-11 (BDI-I1), whichisascreening
guestionnaire that evaluates for symptoms of clinical
depression, including guilt, self-blame, disappointment,
satisfaction, and suicidal ideation [29].

4. Patient Assessment of Chronic IlIness Care, which measures
experience and satisfaction of chronic care [30].

5. World Health Organization Quality of Life Brief Instrument,
which is a validated measure of perceived quality of life
based on individual culture, values, and goals [31].

6. The physical independence domain of the Craig Handicap
Assessment and Reporting Technique Short Form, which
isameasure of perceived disability and independence[32].
This domain measures paid and unpaid caregiver hourson
a0to 100 scale.

Phone Usage, I nter active Mobile Health and
Rehabilitation Usage, and Support Time

Usage statistics were recorded to gain a better understanding
of how participants used their smartphone and the iMHere
system to provide a potential explanation for differences in
study results or rule out any potential confounding factors.
Phone use habits were recorded using cellular phone bill data.
The number of calls sent and received, text messages sent and
received, and data used in megabytes were calculated for each
participant. An iMHere compliance rate was also determined
for each modul e and each participant by cal culating the number
of timesthe participant input datainto each module, divided by
the number of times the participant was prompted to input data
into the module. If the participantsinput information more often
than they were prompted, they were given acompliance rate of
1

Toggle software (Talinn) was used to record the amount of
time that support was provided to individual participants.
Wellness Time was defined as the time that the wellness
coordinator spent triaging issues for participants or
communicating with them about concerns. Tech Support Time
was defined asthe amount of time that each participant required
for help with setting up the app, training, and any minor
technical issues that arose during the study.

Statistical Analysis

Sampl e size cal cul ation was based on aprevious study in which
iMHere was used by participants with SB [25]. A moderate
effect size of 0.30 was used and was based upon the primary
outcome measures used in this study. A repeated-measures
analysis of variance (ANOVA) yielded a sample size of 18
participants in each group for a power of 80%. Alpha values
were set to .05 apriori.

The demographic information collected included gender, race,
ethnicity, marital status, education, type of SCI, smoking status,

JMed Internet Res 2019 | vol. 21 | iss. 8 |14305 | p.63
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Kryger et a

assistance a home, and technology experience. The the Student t test, chi-square test, Fisher exact test, or
demographics of the intervention and control groups were Mann-Whitney test (Table 1). Baseline psychosocial outcomes
compared to confirm that the randomization was effectiveusing  were compared using the Mann-Whitney test.

Table 1. Participant demographics (N=19).

Demographic details Intervention group Control group
Age (years), mean (SD) 37.9(13.49) 44.1(15.3)
Gender, n (%)

Male 13(68) 12 (63)

Female 6(32) 7(37)
Race, n (%)

White 13 (68) 15 (79)

Black 6(32) 4(21)
Ethnicity, n (%)

Hispanic 1(5) 0(0)

Non-Hispanic 18 (95) 19 (100)
Marital status, n (%)

Single 12 (63) 11 (58)

Not single 7(37) 8(42)
Highest level of education, n (%)

High school 11 (58) 10 (53)

Higher education 6(32) 8(42)
Completeness of injury, n (%)

Complete 9 (47) 12 (63)

Incomplete 10 (53) 7(37)
Functional status, n (%)

Tetraplegia 8(42) 9 (47)

Paraplegia 11 (58) 10 (53)
Time since injury, mean (SD) 9.9 (8) 135(11)
Living status, n (%)

Alone 2(1y 2(11)

With others 17 (89) 17 (89)
Student status, n (%)

Student 3(16) 1(5)

Not a student 16 (84) 18 (95)
Smoking history, n (%)

Smoker 8 (42 6(32)

Nonsmoker 11 (58) 13 (68)

Previous experience with smartphones, n (%)

Yes 9(47) 13 (68)
No 10 (53) 6(32)
Previous experience with apps, n (%)
Yes 9(47) 11 (58)
No 10 (53) 8(42)
http://www.jmir.org/2019/8/e14305/ JMed Internet Res 2019 | vol. 21 | iss. 8 [e14305 | p.64
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Primary health outcomes were tallied for the periods before
study enrollment and during study enrollment and were
compared pre- and postintervention using the Wilcoxon
signed-rank test. A number needed to treat (NNT) analysiswas
performed for statistically significant and trending health
outcomes. Generalized linear models with both fixed and
random effects were used to evaluate changesin the secondary
psychosocial outcomes over time. As this was an
intention-to-treat analysis, participants with missing interview
datawere still included in the analysis.

Participants were split into high-usage phone users and
low-usage phone users based on their average monthly general
phone use habits. A high-usage phone user was defined as a
participant who sent or received over 500 calls, sent or received
over 1000 texts, or used over 3000 MB data using cellular
connectivity. All other participantswere classified aslow-usage
phone users.

The overall iIMHere compliance rate for each participant was
defined as the average compliance rate of all modules used by
that participant. It should be noted that not all modules were
used by all participants. A Student t test was performed to
evaluate for an association between phone usage and overall
compliance rate.

Intervention participantswere divided into 2 groups: high overall
compliance users (n=10) and low overall compliance users
(n=9). A repeated-measures ANOVA wasthen used to evaluate
whether there were any between-group differences in
psychosocial measures with respect to overall compliance.

Statistical analyses of primary outcomes were performed using
IBM SPSS Statistics for Windows (IBM Corp), and secondary
outcomes analyseswere performed using SASversion 9.4 (SAS
Ingtitute).

Results

A total of 41 participants were recruited to participate, and of
those, 38 completed informed consent and baseline interviews.

Figure 2. Flow diagram of patient enrollment and randomization.

Total number signing
informed consent (n=41)

Kryger et d

Figure 2 isaflow diagram demonstrating participant selection,
randomization, and dropout. Tables 1 and 2 display participant
demographics and baseline psychosocial outcome measures.
No significant differences were detected at baseline between
control and intervention groups.

Figure 3 displays the incidence of health outcomes before and
during the study period for the intervention and control groups.
Participants in the intervention group experienced about half
as many UTIs during the study period, when compared with
the period before theintervention (P=.03). Therewas areduction
of 0.47 UTIs per person in the study group during the
intervention compared with before the intervention. Such a
reduction was not seen in the control group. No other primary
outcome measures were found to change significantly in the
intervention or control groups.

Table 3 presentsthe changesin psychosocial outcome measures
in both groups during the study period. No statistically
significant trends were seen between the intervention and control
groups over time.

Figure 4 demonstrates some of the general trends seenin Table
3 from baseline to 9 months for certain secondary outcomes.

Table 4 shows high-usage and low-usage phone users with
corresponding overall iMHere compliance rates. There was no
dtatistically significant differencein overall iMHere compliance
rates between the high-usage and low-usage phone users
(P=.41).

No statistically significant differenceswere seeninthe 2 overall
iMHere compliance rate groups with respect to changes in
psychosocial outcomes (all P values were .45 or higher).

As shown in Table 5, approximately 34 min per month per
participant was spent on providing wellness coordinator and
technical support.

Dropped out before
| study began (n=2)

v

| Lost to follow-up
before study (n=1)

Completed baseline interview (n=38)

Randomizarion

4

A

Intervention group (n=19)

Control group (n=19)

h 4

A

Completed full study (n=16)
Withdrew early in study (n=1)

Completed study (n=17)
Partial data because of death (n=2)

Withdrew late in study (n=2)
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Table 2. Baseline comparison of psychosocial outcome measurements (N=19).

Outcome measure Intervention, mean (SD) Control, mean (SD)

Canadian occupational performance measure 8.59 (6.43) 8.58 (7.47)

Adolescent Self-Management and Independence Scale-11

Independence subscale 5.68 (1.08) 5.21 (0.98)

Self-management subscale 5.86 (1.03) 5.70 (1.08)

Total 91.06 (15.16) 86.21 (13.89)
Beck Depression Inventory-I1 11.18(8.65) 12.05 (10.79)
Patient Assessment of Chronic IlIness Care 3.39 (0.83) 3.02 (0.54)

World Health Organization Quality of Life

Physical subscale 57.06 (12.21) 56.47 (12.01)
Psychological subscale 64.06 (15.95) 62.05 (15.84)
Social subscale 65.76 (24.96) 69.50 (24.27)
Environment subscale 69.53 (18.71) 73.53(13.44)
Craig Handicap Assessment and Reporting Technique Short Form 66.59 (37.36) 62.53 (29.00)

Figure 3. Health outcomes. ED: emergency department; UTI: urinary tract infection.
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Table 3. Survey outcomes.

Outcome measure Baseline, mean (SD) 3 months, mean (SD) 6 months, mean (SD) 9 months, mean (SD)

Canadian Occupational Performance Measure

Intervention 9.19 (7.91) 5.57 (9.10) 7.36 (12.12) 9.57 (14.07)
Control 8.78 (7.64) 6.65 (5.48) 7.94(8.03) 6.50 (6.45)
Adolescent Self-Management and Independence Scale-11
Intervention 90.56 (15.40) 91.29 (14.67) 80.29 (14.86) 90.79 (14.22)
Control 87.39(13.28) 87.18 (17.10) 89.31 (13.91) 90.06 (10.90)
Adolescent Self-Management and Independence Scale-l|
I ndependence subscale
Intervention 5.62 (1.09) 5.62 (1.18) 5.50 (1.21) 5.54 (1.19)
Control 5.33(0.84) 5.37 (1.01) 5.46 (0.86) 5.43(0.75)
Self-management subscale
Intervention 5.88 (1.03) 6.06 (1.02) 5.54 (1.76) 6.62 (0.72)
Control 5.69 (1.11) 5.62 (1.40) 5.82 (1.02) 5.99 (0.92)
Beck Depression Inventory -11
Intervention 9.94 (6.74) 8.07 (5.65) 4.86 (5.87) 6.64 (4.53)
Control 11.89 (11.08) 12.35(13.30) 11.38 (9.92) 10.19 (9.61)
Patient Assessment of Chronic Iliness Care
Intervention 3.54 (0.68) 3.34(0.85) 3.24(0.97) 3.44.(0.78)
Control 3.04 (0.56) 3.31(0.70) 3.09 (0.68) 3.09 (0.74)

World Health Organization Quality of Life
Physical subscale

Intervention 59.06 (12.84) 63.07 (13.12) 61.29 (11.42) 60.43 (12.33)

Control 56.11 (12.26) 54.94 (13.36) 53.31 (14.20) 59.56 (7.99)
Psychological subscale

Intervention 67.25 (14.38) 70.71 (10.30) 72.79 (13.13) 72.36 (9.21)

Control 61.67 (16.21) 60.47 (16.42) 60.75 (15.07) 65.00 (13.66)
Social subscale

Intervention 69.88 (25.37) 77.64 (12.97) 78.14 (13.69) 77.29 (16.82)

Control 68.82 (24.84) 68.00 (22.27) 71.81(22.32) 71.94 (23.22)
Environment subscale

Intervention 72.69 (19.98) 75.14 (15.60) 73.21 (17.24) 77.43 (15.36)

Control 73.44 (13.83) 75.47 (13.70) 77.44 (14.61) 81.81 (12.16)

Craig Handicap Assessment and Reporting Technique Short Form

Intervention 74.00 (34.78) 75.86 (34.95) 72,57 (32.83) 74.86 (27.60)
Control 62.22 (29.81) 66.59 (34.32) 70.00 (28.13) 66.00 (25.17)
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Figure 4. (a) Difference in World Health Organization Quality of Life subscores over time for intervention and control participants. (b) Differencein
Beck Depression Inventory-I1 and Canadian Occupational Performance Measure scores over time for intervention and control participants. WHO-PSY:
World Health Organization Psychiatric subscore; WHO-SOC: Socia subscore; BDI: Beck Depression Inventory; COPM: Canadian Occupational

Performance Measure.
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Table 4. Phone and Interactive Mobile Health and Rehabilitation (iMHere) app usage (N=19).

Kryger et d

ID Phoneusagegroup Callssent and received, n  Text messages sent and received, n  Dataused (MB) Overall iMHere app compliance (%)
1 High 992 1955 3022 98
3 Low 1 3 2817 18
7 High 0 11 3234 46
8  High 34 2963 1565 45
9 High 4105 47,689 11,853 39
11 Low 14 58 1676 57
12 High 234 2445 25,563 42
14 Low 15 9 1079 30
16 Low 5 34 1097 98
18 Low 83 20 1097 51
19 Low 57 38 902 23
20 High 4463 3429 63,074 49
25 High 2120 8173 99,191 88
30 Low 81 62 317 18
31 Low 313 68 1464 74
32 Low 179 161 2641 42
40 High 3495 1589 21,268 85
47  High 2663 18,596 21,364 47
49  High 1362 8640 28,556 20
Table 5. Support time (N=19).
Contact time descriptions Wellnesstime Tech support time Total time
Total contact time for 19 participantsin 9 months, 49:00 56:23 105:23
hours:minutes
Average contact time per participant in 9 months, 2:08 (2:08) 2:27 (2:44) 4:35(3:35)
hours:minutes (SD)
Average contact time per participant per month, 0:14 (0:14) 0:16 (0:18) 0:34 (0:24)

hours:minutes (SD)

Discussion

Principal Findings

This study contributes to the literature by demonstrating
successful use of an mHealth platform in individualswith SCI.
This study demonstrated a significant reduction in UTIs (one
of the primary outcomes) in those who used iMHere over time
when compared with the control group. Given the reduction in
UTIs during the intervention, 0.47 fewer UTIs per person, the
NNT to prevent 1 UTI is 2.11. As not al intervention
participants used the catheterization module, the study was not
powered to determine whether the use of this specific module
was associated with the reduction in UTIs. One explanation for
reduction in UTIs aside from the use of the catheterization
module is increased general health awareness and improved
self-management that resulted from using the app in general.
Unfortunately, it was challenging to determine the financial
implications of these findings as there is a lack of literature
examining health care costs associated with the treatment of

http://www.jmir.org/2019/8/e14305/

RenderX

UTls in an outpatient setting in individuals with chronic SCI.
However, in similarly aged adults with SB, the cost to treat a
UTI was found to be approximately US $511 per event [33].
Although no other significant changes were seen in health
outcomes over the study period, the other 6 primary outcome
measures also decreased in the intervention group, which was
atrend also observed in a similar study in the SB population
[25]. More studies are warranted to determine whether larger
patient cohorts might result in significant changes in these
variables.

Of the secondary outcomes, the reduction in depressive
symptoms based on BDI-Il was the closest to approach
significance between groups. The decrease over timein BDI-1|
in the intervention group, an average of 3.3 points or 33%
(3.3/9.94), wastwicethat of the control group. Previousresearch
has suggested that a decrease in BDI-I1 score of 17.5% may be
clinically significant because it correlates with an individual
feeling better. Therefore, this change could be considered
clinically significant. It should be noted that the clinical
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significance of the magnitude of change depends upon an
individual’s initial score [34]. Lower initial scores, meaning a
person has fewer depressive symptoms, may require smaller
changes in BDI-Il score for an individual to feel better. This
further supports the suggestion of clinical significance in the
intervention group as the BDI-Il was lower at baseline. As not
all intervention participants used the mood module, the study
was not powered to determine whether the use of this specific
modul e was associated with the reduction in BDI-11 score. Many
of the control group participants used smartphonesin everyday
life, and those in the intervention group who used their phones
more did not have better mood outcomes than those who used
their phones less. These 2 findings suggest that the
communication afforded by the phone itself was not solely
responsible for this change. It is possible that iIMHere's ability
to facilitate communication with the heath care team,
participants' increased awareness of their own mood symptoms,
or other improvements in health may have impacted mood
positively. Notably, a review by Thota et a confirmed that
collaborative care models that use case managers to connect
patients, primary care physicians, and mental health
professional s provide a supportive care network that empowers
people with depression to take a self-management rolein their
own care [35].

As our study was underpowered for the secondary outcomes,
it isnot unexpected that the other psychosocial outcomes were
not statistically significant. A descriptive analysis reveals that
there are some trends (as shown in Figure 4). Thereis alarger
general improvement in World Health Organization Quality of
Life psychological subscore at 9 months, which makes sense
in the context of the improvement in BDI-Il. There is also a
markedly higher social subscore. It should be noted that Figure
4 also shows that COPM improved dlightly in the intervention
group and decreased substantially in the control group,
suggesting overall that participants in the intervention group
perceived their self-care, productivity, and leisure to be
maintained after 9 months, whereas those in the control group
had declined in this perception. We postul ate that alarger study
cohort may have allowed us to detect significant changes.

Overall, iMHere compliance rates were not related to
psychosocial outcomes or the amount of phone usage. This
contrasts with findings from a previous study in SB in which
more frequent users of iMHere had positive changes in
self-management skill and amount of caregiver assistance
needed [25]. One possible explanation for the contrasting
findings between studies is that those with tetraplegia in this
study may not have been able to reduce the need for hands-on
care even if they did gain small improvements in knowledge
about self-management. Although significant accessibility
features have been implemented for individual swith tetraplegia
and other impairments[22-24], it isalso possible that userswith
paraplegia were able to use the system more proficiently. In
addition, because we used billing data to calculate usage data,
we may have underestimated the usage of individuals who
primarily used Wi-Fi.

Theintegration of mHealth support into outpatient care depends
in part on the requirements for staff effort [23]. This study
demonstrated that wellness and technical support requires on
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average approximately 34 min per user per month. This
information may be useful when scaling mHealth interventions
to larger populations.

Study Limitations

Some limitations of this study warrant discussion. First, this
study was powered to detect statistical differencesinthe primary
outcomes related to health and not the secondary psychosocial
outcomes. As a result, even though there was a trend toward
improved psychosocia outcomesin theintervention group, the
study was unable to find statistical significancein thesetrends.
Future studieswith larger sasmple sizes are planned to help with
thisissue. One potential confounder wasthat additional contact
with study staff for wellness coordination or technical support
may have had an impact on outcomesin the intervention group.
Although a small amount of support was provided in person or
via phone, the magjority of contact was virtual, through the
mHealth system. To evaluate whether such contact may have
offset other types of contact, we conducted a post hoc analysis.
However, no statistically significant changes were seen within
or between groups with respect to the number of outpatient
visits, phone calls to the clinic, and hospital health portal
messages. This was likely because the number of instances of
these occurrences was low on average. It is aso possible that
the use of iMHere shifted use for some nonurgent issues from
the ED to the outpatient setting. It isimportant to note that the
control group may also have had more contact with clinicians
through ED visits and hospitalizations. More work will be
needed to understand which aspects of an mHealth delivery
system are most beneficial to outcomes and to provide more
insight into how a self-management app might affect health
care utilization and service delivery. A second limitation is the
small sample size, which may have reduced our ability to detect
changes in outcome measures with lower effect sizes. A larger
population with greater usage levels of individual modules may
have enabled usto do a subgroup analysisto determineif there
was a correlation between individual module usage and health
outcomes. Third, the inclusion of individuals with tetraplegia
may haveresulted in aceiling effect of how much improvement
can occur in some outcomes such as self-management given
that they will still likely rely on caregiver assistance. Future
studies will be aimed at evaluating outcomes using mHealth
support for caregivers [8,36]. We are also investigating the
addition of more accessibility features to support users with
tetraplegia such as voice control. Fourth, the iIMHere system
has multiple features, but not all features were relevant to all
users. Larger studies will be needed to evaluate the individual
effects of different aspects of the system. Finadly, fully
functional smartphones were provided for study purposes, but
some individuals also used their personal phone, which may
have reduced the usage of study phones. The new version of
iMHere (2.0) operates cross-platform and can now be used on
personal devices.

Future Directions

Concurrent work oniMHere has produced a subsequent version
(iMHere 2.0) with additional features. A new smartphone app
will support family or formal caregivers and interface with the
client app. A personal health record and additional modules
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have al so been built to support community integration, physical
activity, nutrition, goal setting, and education [21,37]. Future
work will be conducted to eval uate the implementation of these
features into clinical workflows, trandation to larger and
different disability populations and clinical settings, and
interfacing with other electronic health systems.

Conclusions

Kryger et d

with the control group. On the basis of an NNT analysis, 2.11
users were needed to prevent 1 UTI. There was also a decrease
in severa other outcome measures (eg, symptoms of
depression), which trended toward, but did not reach, statistical
significance. Approximately 34 min per participant per month
isneeded to provide education, care coordination, and technical
support through this mHeal th system, thus suggesting scal ability.

Overall, the use of the iIMHere mHealth platform resulted in a
statistically significant reduction in UTIs over time compared
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Abstract

Background: Internet interventions can easily generate objective data about program usage. Increasingly, more studies explore
the relationship between usage and outcomes, but they often report different metrics of use, and the findings are mixed. Thus,
current evaluations fail to demonstrate which metrics should be considered and how these metrics are related to clinically
meaningful change.

Objective: This study aimed to explore the relationship between several usage metrics and outcomes of an internet-based
intervention for depression.

Methods: Thisisasecondary analysis of datafrom arandomized controlled trial that examined the efficacy of an internet-based
cognitive behavioral therapy for depression (Space from Depression) in an adult community sample. All participants who enrolled
in the intervention, regardless of meeting theinclusion criteria, were included in this study. Space from Depressionisa 7-module
supported intervention, delivered over a period of 8 weeks. Different usage metrics (ie, time spent, modules and activities
completed, and percentage of program completion) were automatically collected by the platform, and composite variables from
these (eg, activities per session) were computed. A breakdown of the usage metrics was obtained by weeks. For the analysis, the
sample was divided into those who obtained a reliable change (RC)—and those who did not.

Results: Data from 216 users who completed pre- and posttreatment outcomes were included in the analyses. A total of 89
participants obtained an RC, and 127 participants did not obtain an RC. Those in the RC group significantly spent more time,
had more log-ins, used moretools, viewed ahigher percentage of the program, and got more reviews from their supporter compared
with those who did not obtain an RC. Differences between groupsin usage were observed from the first week in advance across
the different metrics, although they vanished over time. In the RC group, the usage was higher during the first 4 weeks, and then
asignificant decrease was observed. Our results showed that specific levels of platform usage, 7 hourstotal time spent, 15 sessions,
30 tools used, and 50% of program compl etion, were associated with RC.

Conclusions; Overdl, the results showed that those individuals who obtained an RC after the intervention had higher levels of
exposure to the platform. The usage during the first half of the intervention was higher, and differences between groups were
observed from the first week. This study also showed specific usage levels associated with outcomes that could be tested in
controlled studies to inform the minimal usage to establish adherence. These results will help to better understand how to use
internet-based interventions and what optimal level of engagement can most affect outcomes.

Trial Registration: ISRCTN Registry ISRCTNQ03704676; http://www.isrctn.com/| SRCTN03704676

International Registered Report Identifier (IRRID): RR2-10.1186/1471-244X-14-147
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Introduction

Background

I nternet- and computer-based interventions for depression have
been shown to be effective in several meta-analytic reviews,
reporting comparable effects to face-to-face treatments [1-5].
These findings have led to the use of these interventionswithin
stepped care and collaborative care models of mental health
provision, which operate on the premise that not everybody
requires a high-intensity treatment in the form of face-to-face
therapy provided by a trained psychologist [6]. The inclusion
of these interventions into mental health services may lead to
benefits, such as reduced costs associated with treatment,
reduced waiting-list burden, and increased accessibility to
services [7,8]; however, results are mixed, and more research
is needed to draw firmer conclusions[9].

Despite the success of internet-based interventions, many
questions about how these interventions work and for whom
they are most suited remain unanswered. Most of the studies
about internet-based cognitive behavioral therapy (iCBT) only
analyze outcomes at fixed time points, treating the intervention
as asingular entity, without considering the way the program
is actually adopted and used by the users [10]. In this sense,
some research has shown that the users' uptake and long-term
use of these technol ogies are lower than might be expected, and
amedian of 56% of the participants compl ete the whole program
[11]. However, other research has shown that the users do not
necessarily need to go through the entire program to benefit
clinically [12]. Although treatment dropout and spontaneous
remission might explain some of these trends, asthey could in
other psychological interventions, understanding more
completely how internet-delivered interventions are used and
whether their usage differs depending on user characteristicsis
an important area of investigation [13].

One of the benefits of internet-delivered interventions at a
research level is that they facilitate the collection of objective
data on usage and engagement. In recent years, severa studies
have turned their attention to the usage of internet-delivered
intervention and how usage is related to outcomes [10,14].
Previousresearch hasreveal ed arelationship between how much
users were actually exposed to the program and outcomes,
neverthel ess, as different metrics of usage have been used across
studies, and results are somewhat mixed, the specific
contributions of these variables to outcomes remain unclear
[15,16]. A review conducted by Donkin et a [15] compiled
studies that looked at usage metrics and their relation to
outcomes. Their findings showed that the number of log-ins
and the number of modules completed were the most commonly
reported metrics among different trials. Modul e compl etion was
therefore found to be the most related metric to outcomes.
However, these 2 metrics do not necessarily account for the
depth of involvement of the users with the platform and its
content. In this regard, it is possible to distinguish between

https://www.jmir.org/2019/8/€12775/

active and passive engagement in internet-based interventions,
where the former involves users interacting with the program
and completing the activities, and the latter speaks about users
who go through the program only superficialy and therefore
barely interacting with it [17,18]. Thus, to get the most from
the intervention users exposure to the platform, one not only
has to consider module completion but aso completing
prescribed activities and homework [19,20]. For this reason,
exploring the relationship among the various available usage
metrics through the development of composite metrics could
shed morelight on the actual effects of usage and adherence on
outcomes[15]. Infact, Donkin et al [21] found that acomposite
measure (average number of activities completed per 10g-in)
was the only predictor of clinically significant change, in
contrast to other metrics, such asthetime spent on the platform,
the number of modules completed, or the number of log-ins.
More studies are needed to explore composite metrics and their
relation to outcomes, as this may inform the minimal dose of
iCBT needed to achieve significant clinical benefit.

Furthermore, there is alack of agreement in how adherence to
treatment is actually defined and measured [16]. Adherence is
often reported in terms of attrition or dropout from atrial [13],
that is, the number of users who cease to use the intervention
and therefore do not complete the per protocol treatment.
However, several authors highlight that this information
provides limited insight into users’ interaction with Web-based
interventions and how their use might influence outcome
measures [21]. On the other hand, recent studies have
conceptualized adherence as the intended use of the platform
or “the extent to which individual s should experience the content
to derive maximum benefit as implied by its creators’ [22],
which is aso known as the therapeutic dose [16]. Following
Sieverink’s argument [16], intended use should be considered
the minimum use to establish adherence; however, current
electronic health evaluations fail to demonstrate the optimal
dose-response relationship. In this sense, some authors suggest
that designers need to find the balance between the theoretically
efficacious dose and the effective or actual dosethat can be only
determined upon application [23]. Therefore, finding the most
relevant metrics and determining thresholds of usage for these
metrics are key to determining the optimal dosage, which in
turn may be different depending on the target population, setting,
or the type of intervention that is evaluated [23].

Another important factor that can have an impact on the efficacy
of and adherence to internet-based interventions is the role of
support [24]. Support may take different forms, but generally
speaking, it involves someone checking in with the patient,
encouraging the user to continue going through the platform,
and providing feedback on the basis of the patient’s progress.
Different meta-analytic reviews have shown that supported
interventions have higher rates of adherence and better outcomes
than self-guided ones [1,3,4,25]. However, the amount and
frequency of the support needed to produce clinically significant
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improvements are barely understood and results so far do not
show differences among different doses of support [24,26,27].
In this sense, no studies have explored therole of metricsrelated
to the support, such as the number of reviews and the number
of user replies to these reviews, which could shed more light
on the role of support in the usage of the program and their
outcomes [28].

In summary, the literature shows that there is an association
between higher usage |eading to better outcomes, but it remains
unclear which of these usage metrics are more strongly related
to outcomes. Furthermore, few studies have attempted to
determine an optimal dose-response relationship that could
inform athreshold to establish adherence.

Objectives

This study was aimed at exploring the relationship between
several usage metrics and outcomes from asampleof individuals
with depressive symptoms and who wereinvolved in atrial that
evaluated the efficacy of a Web-based supported intervention
for depression [29,30]. The specific goals of the study were as
follows: (1) to explore the differences in usage between those
who significantly improved and those who did not, (2) to analyze
differences in usage across different sociodemographic and
clinical variables of both groups, (3) to explore which of the
usage metrics were more important in predicting clinically
significant changes, and (4) to explore whether specific usage
levels are associated with a clinically meaningful change.

Methods

Study Design

This study is a secondary analysis of data from a randomized
controlled trial (RCT) that examined the efficacy of an iCBT
intervention for depression in a sample of adults from a
community setting. The protocol and the main outcome paper
have been published elsewhere [29,30]. In the main study,
participants were randomized to the internet-delivered
intervention with support or the waiting-list control group.
Assessment took place at baseline and at posttreatment, 8 weeks
after randomization. The study protocol, information on the
study, informed consent, and related materials were approved
by the ethics committee at the School of Psychology, Trinity
College Dublin (November 22, 2013). Participants who were
excluded from the main RCT al so completed consent, agreeing
to have their data included for analysis. The trial is registered
asacontrolled trial with ISRCTN (ISRCTN03704676).

Sample and Recruitment

For details on the participant flow and characteristics, see
Richards et a [29]. In summary, 641 users from the Aware
charity expressed interest and applied to participate in the
research. From them, 379 users were excluded for different
reasons, such as Beck Depression Inventory 2nd edition (BDI-I1)
scores<14 (n=114); BDI-11>28 (n=211); suicidal intent/ideation
(n=16); if they were currently receiving psychological treatment
for depression (n=104); organic mental health condition (n=82);
on medication for less than 1 month (n=106); alcohol or drug
misuse (n=50); and reported depressive symptomsthat preceded
or coincided with adiagnosed medical condition (n=138). Even
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though these excluded participants were not included in the
trial, they were offered the intervention with support, and they
were also administered the primary outcome measures. The
only difference between those individuals who were included
and excluded from the tria is that the latter were not actively
followed up to complete the posttreatment measures. For the
purposes of this study and given that those participants excluded
inthetrial received the sameintervention, all participants who
logged in to the platform and compl eted the outcome measures
upon completion of their treatment were included in the
secondary analyses. Similarly, all those participants who were
assigned to the waiting-list group and received the intervention
after the waiting-list period were included in the secondary
analyses, taking as their posttreatment scores the scores they
provided upon completion of the intervention. With regard to
those participants who were not part of the main RCT, we only
sel ected those who compl eted the posttreatment outcomeswithin
aperiod of 85 days after the first log-in. This time period was
computed by calculating the average number of days that
participants included in the trial took to fill the posttreatment
measures (mean 66.86, SD 9.15), and 2 SDswere added. Thus,
we excluded users who completed posttreatment measures
beyond the intended assessment period.

Procedure

The study was advertised through the Aware website, and those
individualswho expressed an interest to participate wereemailed
about the intervention study and directed to awebsite to access
further information on the study and what would be involved
in participating. Informed consent and baseline screening
guestionnaires were completed on the Web. Thereafter, those
participants who met the inclusion criteria were randomly
assigned to theintervention group or the waiting-list group, and
those who did not meet theinclusion criteria but wereinterested
in participating were a so given accessto theintervention. Once
a participant was assigned to the active treatment at the first
log-in, the participant received amessage from the participant’s
supporter, and this support was then offered once aweek for a
period of 8 weeks. At the end of the 8-week period, participants
were automatically asked to complete the outcome measures,
and those in the intervention group of the trial, who did not
complete the measures, were followed up by the research team
to achieve the completion.

I ntervention

Computerized Cognitive Behavioral Therapy Program

Space from Depression is a 7-module Web-based, cognitive
behavioral therapy—based program for depression. This program
was developed by SilverCloud Health, which isacompany that
devel ops Web-based interventionsfor mental health conditions.
The intervention is delivered on a Web 2.0 platform, using
mediarich interactive content. The treatment comprises
cognitive and behavioral components, including self-monitoring
and thought recording, behavioral activation, cognitive
restructuring, and challenging core beliefs. These components
areincluded acrossthe 7 modul es, although the program follows
a nonlinear fashion, which means that the user can go directly
to the module that is of interest to him or her. Each module
follows a structured format that includes introductory quizzes,
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audios, videos, informational content, personal stories,
interactive activities, and homework suggestions. Space from
Depression has been described in detail elsewhere [29,30].

Support

Participants were assigned a trained supporter who monitored
their progressthroughout thetrial. These supportersweretrained
volunteers of the charity who received training in the
SilverCloud platform and on how to deliver feedback. A
dashboard interface provided supporters with an overview of
their participants’ level of engagement with the program content.
The role of the supporter mainly comprised encouraging,
supporting, and providing feedback to the users, and this
feedback used to take between 10 and 15 min per participant.
Support was offered once aweek during the period of 8 weeks.

M easures

Primary Outcome

The primary outcome of the main RCT was the BDI-I1 [31].
The 21-item measureisawidely used questionnaire that assesses
severity of depressive symptoms using a Likert scale ranging
from 0 to 3 on the basis of the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition, diagnostic criteria. The scale
designates levels of severity, minima (0-13), mild (14-19),
moderate (20-28), and severe (29-63) [31]. Thisinstrument has
shown good psychometric propertiesin several studies.

Usage Metrics

Total Time on the Platform

This metric corresponds to the combination of the time spent
in each session (in min) from the first to the last log-in.
Interactions|lasting longer than 30 min are automatically counted
as 1 min, to avoid counting long idle periods when the program
is open toward the total count.

Number of Sessions

This metrics relates to the number of times (log-ins) the user
accessed the program. If a specific session hasinactivity periods
longer than 3 hours, the next moment of activity will count as
anew session.

Average Time (in min) Per Session

This composite measure results from dividing the total timeon
the platform by the number of sessions.

Number of Activities

This metric is calculated by counting all the times users
interacted actively with the platform, that is, every time that
they completed a journal entry, used an interactive tool, or
downloaded or played relaxation audios. The program has a
total of 17 interactive activities distributed across the 8 modules.
Participants were able to use these activities as many times as
they wished.

Activities Per Session

Thisisacomposite measure resulting from dividing the number
of activities completed by the number of sessions.
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Per centage of the Program Viewed

Thismetric refersto the percentage of thetotal program content
that the user has gone through.

Number of Reviews

Thismetric refersto the number of messages that the supporter
sent to the user to encourage use of the platform while providing
feedback about the progress from the last review.

Number of Review Notes

Thismetric relatesto the number of repliesthat the user left for
their supporter after areview.

Data Analysis

Data andyses were completed using SPSS 24 (IBM
corporation). In the first place, t tests and chi-square tests were
computed to explore potential differencesin sociodemographic
and clinical variables at baseline between those participants
who met the inclusion criteria for the trial and those who did
not. Boxplots of the sample were computed to look for any
extreme outliers (3 box lengths away from the edge of their
box). One-way analysis of variance (ANOVA) analyses and t
tests were conducted to explore differences in usage across
different sociodemographic and clinical variables at baseline.
Pairwise comparisons applying Bonferroni correction were
conducted between the subgroups associated with each category.
An assessment of reliable change (RC) was made using criteria
of a change of =9 points or greater on pre-to-post treatment
BDI-II scores. Similar criteria have been used in other studies
of internet-delivered interventions for depression [19,32,33]. t
testswere performed to explore differencesin the usage metrics
between those who obtained an RC and those who did not.
Variables identified as significantly associated with RC were
further examined; 2x8 repeated-measures ANOVA were
conducted to explore the change in the scores across the 8-week
intervention period, comparing those who obtained an RC and
those who did not. When sphericity was violated,
Greenhouse-Geisser correction was applied for ANOVA
analyses. Pairwise comparisons applying Bonferroni correction
for multiple comparisons were conducted within groups,
comparing week 1 with further weeks, and between groups,
comparing the outcomes between groups for each specific week.
To obtain the optimal cutoff for achieving RC, a receiver
operating characteristic (ROC) curve analysis [34] was
performed using each of the 4 individual usage metrics (total
time spent on the platform, number of sessions, humber of
activities, and percentage of the program viewed) as test
variables against the RC state variable. ROC curves are
constructed by plotting true positive rates (sensitivity) against
the false positive rates (specificity). The optimal cutoff was
determined using the point of curve closest to the (0,1) criteria,
which uses the formula d2=[(1-S)2+(1-Sp)2], where Sn =
sensitivity and Sp = specificity, to cal culate the distance of each
point to the (0,1) point representing maximal sensitivity and
specificity [35].

JMed Internet Res 2019 | vol. 21 | iss. 8 [€12775 | p.77
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Results

Overview

Of the 641 participants who showed interest in the study and
provided consent, a total of 224 participants provided
postintervention outcome datawithin aperiod of 85 days. Figure
Lillustratesthe number of participants coming from each of the
branches of the maintrial. The number of participantsincluded
in this study that were excluded from the main RCT, and the
reasons are as follows (participants can respond to more than
one reason):

- BDI-lI score<14 (n=52)

« BDI-II score>28 (n=56)

« Suicidal intent/ideation (n=3)

«  Currently receiving psychological treatment for depression
(n=30)

«  Organic mental health condition (n=14)

«  On medication for less than 1 month (n=26)

«  Alcohol or drug misuse (n=14)

«  Age<18(n=1)

«  Depressive symptoms that preceded or coincided with a
diagnosed medical condition (n=46)

Figure 1. Flowchart of the current study.
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To ensure the homogeneity of the sample in terms of
sociodemographic measures and usage metrics between those
participants who met the inclusion criteria for the RCT
(trestment group and waiting list) and those who were excluded,
baseline differencesin clinical and sociodemographic measures
and usage metrics were examined. There were no differences
between these groupsin age, gender, marital status, BDI-II pre
and postintervention, or any of the usage metrics included in
the study. Before further statistical analyses, box plots were
constructed for the different usage metrics to spot extreme
outliers (3 box lengths away from the edge of their box). Owing
to the high variability of the values on the usage metrics and to
prevent the distribution of the sample to be very skewed, 8
participants were classified as extreme outliers, and they were
excluded from further analyses, leaving a total sample of 216.
To illustrate the type of outlier, one example was that of an
individual user who spent atotal time of 2526 min (42.11 hours)
and completed 117 sessions and 321 activities, which is
unrealigtically far away from the average found in this study.
In other words, these participants deviated substantially from
the different usage patternsthat an individual might takein this
specific program.

Assessed for eligibility
(n=641)

Did not meet eligibility criteria for
main trial {(n=453)

Excluded from analyses
(n=204)
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Excluded from analyses
(n=386)

yses (n=73)
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Did not complete
postassessment: 72

Late completion of
postassessment (>85

postassessment: 304

Late completion of post

assessment (>85 days): 4

v ) v

Included in Included in
analyses
(n=19)

analyses
(n=60}

Platform Usage

Descriptive analyses of the total usage of the platform show
that, on average, participants spent 339 min on the platform,
they accessed the program 14 times, viewed 57% of the total
program, completed 25 activities, got 7.5 reviews from the
supporters, and left 1.62 messages to their supporters. ANOVA
analyses were conducted to explore potential differencesin the
total usage of the platform across sociodemographic and clinical
variables (Multimedia Appendix 1). Regarding age groups,
univariate ANOVA models showed significant differences in
the number of activities completed (F;,,,=4.03; P=.008) and

https://www.jmir.org/2019/8/€12775/

A

Included in
analyses
(n=145)

activities per session by age group (F3 »1,=2.95; P=.03). Pairwise
comparisons showed that individuals in the age group of 31 to
40 years completed significantly more activities (mean
difference=15.06, SE 5.65; P=.049) and more activities per
session (mean difference=0.95, SE 0.34; P=.03) than those older
than 50 years. Regarding depressive symptom severity at
baseline, univariate ANOVA models showed significant
differences between depression severity groups at baseline for
total time spent (F3,,,=2.65; P=.049), number of sessions
(F3212=5.75; P=.001), number of activities completed
(F321o=2.87, P=.04), percentage viewed (F3,=2.82; P=.04),
and number of reviews (F;,;,=3.7, P=.01). Pairwise
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comparisons showed that users with minimal depressive
symptoms had lower engagement overall. This group had
significantly lower usage rates as compared with those with
severe symptoms in terms of number of sessions (mean
difference=6.31, SE 1.74; P=.002), number of activities (mean
difference=14.19, SE 5.08; P=.03), and number of reviews
(mean difference=0.78, SE=0.25; P=.01). It aso had
significantly lower number of sessions (mean difference=5.56,
SE 1.66; P=.006) and percentage of program viewed (mean
difference=0.15, SE 0.05; P=.04) as those with moderate
depression, and it had significantly lower number of sessions
than those with mild depression at baseline (mean difference=
6.12, SE 1.9; P=.009).

Enrique et al

Platform Usage Associated With Reliable Changein
Beck Depression Inventory 2nd Edition Scores

The sample of participants included in the study was divided
between those who obtained an RC in the BDI-I1 (reduction of
9 points or greater on pre-to-post treatment BDI-I1 scores) and
those who did not. Overall, 89 participants (41%, 89/216)
reached an RC, and 127 (59%, 127/216) did not obtain an RC.
t tests were run to determine whether there were differencesin
the usage of the platform between users of both groups. Results
(see Table 1) showed significant differences in the total time
spent on the platform (time spent), number of sessions, program
viewed (percentage viewed), total activities completed (number
of activities), and number of reviews in favor of those who
obtained an RC, showing medium between-group effect sizes
(Cohen d=0.45-0.61). No significant differences were obtained
for min per session, activities per log-in, and number of review
notes.

Table 1. Descriptive dataand mean differences in usage metrics between those who reliably changed and those who did not.

Usage metrics Reliable change (n=89),  No reliable change (n=127), t test (df) P value Effect size (Cohen d)
mean (SD) mean (SD)
Time spent 420.63 (280.77) 282.23 (253.24) 3.78 (214) <.001 0.52
Sessions 17.63 (8.93) 12.22(8.92) 4.38 (214) <.001 0.61
Percentage viewed 67.56 (25.24) 50.46 (30.41) 4.50 (207.87) <.001 0.61
Activities 33.28 (29.42) 19.62 (22.97) 3.67 (159.01) <.001 0.52
Reviews 7.83(0.77) 7.28 (157) 3.39 (194.60) .001 0.45
Reviews notes 1.94 (2.29) 1.39 (2.10) 1.85 (214) .06 0.25
Min per session 24.46 (13.43) 22.68 (16.86) 0.83 (214) 41 0.12
Activities per session 1.84 (1.35) 1.53 (1.74) 1.41 (214) 16 0.20

3Bonferroni correction applied (alpha=.05/8=.006).

Weekly Usage of the Platform

Weekly usage of the program was explored among the 4 usage
variablesthat were significant in the previous analyses, namely
time spent, number of sessions, number of activities, and
percentage viewed (Figures 2-5). Number of reviews were not
included, as all participants got 1 review per week, as thiswas
established in the protocol, unless they dropped out from the
treatment. To explore potential differences in these variables
over time and between individuals who showed RC and
individuals who did not among the 8-week intervention period,
2x8 repeated-measures ANOVA anayseswere computed. With
regard to the time spent, analyses showed significant time
(F45808006=21.91, P<.001) and interaction effects
(F4.5898008=2.77; P=.02). Pairwise comparisons between groups
showed significant differences between groupsin the time spent
on the platform from week 1 to 4 and week 6. Pairwise
comparisons within groups showed that, in the group of
individuals with RC, the time spent in week 1 was not
significantly different compared with weeks 2, 3, and 4, but it
was significantly higher compared with week 5 and the
following weeks, indicating that the time spent during the first
4 weeks was longer than the following 4 weeks.

https://www.jmir.org/2019/8/€12775/

Regarding the number of sessions, there was a significant
difference in time (F4g9106745=21.03; P<.001); however,
interaction effectswere not significant (F4 o 1067.45=1.82; P=.11),
indicating that, altogether, there were no differences between
conditions in the number of sessions performed. However,
pairwise comparisons showed significant differences between
groupsin the number of sessionsin each week acrossthe 8-week
period. Pairwise comparisons within the RC group showed
nonsignificant differences in the number of sessions done in
week 1 compared with weeks 2, 3, and 4. However, when
comparing week 1 to 5 and following weeks, significant
differences were observed, indicating again that the number of
sessions was more similar from week 1 to 4, and there was a
significant decrease in the number of sessionsin the following
weeks.

With regard to the percentage viewed, ANOVA analysis showed
significant time (F473101257=43.96; P<.001) and interaction
effects (F473101257=2.71; P=.02). Between-group pairwise
comparisons showed significant differences in the percentage
viewed in weeks 1, 2, and 4, and this percentage was
nonsignificant for the other weeks. Pairwise comparisonswithin
the RC group showed that the weekly percentage viewed in the
first week was significantly higher compared with all the other
weeks.
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Figure 2. Time spent on the platform per week and divided between those who got a reliable change (reduction of 9 points or greater on pre-to-post
treatment Beck Depression Inventory 2nd Edition) and those who did not. Significant differences were found in between-group comparisons at weeks
1-4 and week 6; significant within-group differences were found between week 1 and weeks 5-8 for the reliable change (RC) group; significant
within-group differences were found between week 1 and weeks 6-8 for the no RC group.
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Figure 3. Number of sessions performed per week and divided between those who got areliable change (reduction of 9 points or greater on pre-to-post
treatment Beck Depression Inventory 2nd Edition) and those who did not. Significant differences were found in between-group comparisons at weeks
1-8; significant within-group differences were found between week 1 and weeks 5-8 for the reliable change (RC) group; significant within-group
differences were found between week 1 and weeks 6 and 8 for the no RC group.
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Figure 4. Percentage of the program viewed per week and divided between those who got a reliable change (reduction of 9 points or greater on
pre-to-post treatment Beck Depression I nventory 2nd Edition) and those who did not. Significant differences were found in between-group comparisons
at weeks 1, 2 and 4; significant within-group differences were found between week 1 and weeks 2-8 for the reliable change (RC) group; significant
within-group differences were found between week 1 and weeks 2-8 for the no RC group.
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Figure 5. Number of activities completed per week and divided between those who got areliable change (reduction of 9 points or greater on pre-to-post
treatment Beck Depression Inventory 2nd Edition) and those who did not. Significant differences were found in between-group comparisons at weeks
1-6 and 8; significant within-group differences were found between week 1 and weeks 5-8 for the reliable change (RC) group; significant within-group
differences were found between week 1 and weeks 6 and 8 for the no RC group.
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Finally, regarding the number of activities, ANOVA analysis
showed significant effectsfor time (Fs 15 1005 63=16.64; P<.001),
but it did not show significant effectsfor the interaction between
groups (Fs 12 1005, 63=1.12; P=.35), indicating that there were no
overall differences between conditions in the number of
activities completed. Between-group pairwise comparisons
showed significant differences in the number of activities
completed in nearly all the weeks, with the exception of week
7. Within-group pairwise comparisons of the group with RC
showed that there were significant differences only when
comparing the number of tools used between week 1 and week
5 and the following weeks.

Overal, these analyses show that the weekly usage was
consistently larger for the group with RC in the different metrics
among the first half of the intervention period, and from here,
the differences between groups started to reduce. Within the
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RC group, a pattern can be observed across nearly all of the
metrics where the usage of the first week was not significantly
different from the usage on weeks 2, 3, and 4, but it was
significantly different from week 5 in advance.

Receiver Operating Characteristic Curve Analysis

A total of 4 separate ROC curve analyses were run with the
following results: for total time spent on platform, the optimal
cutoff was 420 min, with a specificity of 76% and sensitivity
of 47%. For number of sessions, the optimal cutoff was 15, with
aspecificity of 71% and asensitivity of 61%. For the percentage
of the program viewed, the optimal cut-off was 50%, and this
was related to a specificity of 54% and a sensitivity of 79%.
Finally, for number of activities, the optimal cut-off was 30
tools used, which had a specificity of 77% and a sensitivity of
46%. The area under the curve values ranged from .65 to .68,
with 95% Cls between .58 and .76, considered within an
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acceptable range for using these variables to differentiate
between those who reliably changed and those who did not
show RC as defined in the study as a movement of >9 points
onthe BDI-11. When using these cutoffs as measures of intended
use, those using the platform for at least 420 min or 7 hours
(n=62) had a 58% RC rate, those logging in for at least 15
sessions (N=91) had a59% RC rate, those using tool s (activities)
at least 30 times (n=61) had a 57% RC rate, and those using at
least 50% of the program (n=115) had a52% RC rate. All these
values are significantly higher than the overall RC rate of 41%
for the entire sample. Finally, of those who reached all 4 optimal
cutoffs (n=34), the RC rate was 62%.

Discussion

Principal Findings

This study was intended to explore the relationship between
usage of the platform and the outcomes in a sample of
participants who used an iCBT intervention for depression.
Overal, the results showed that those individual s who obtained
an RC after the intervention had higher levels of exposure to
the platform, in terms of time spent, number of sessions,
percentage of the program viewed, and number of activities,
compared with thosewho did not. Differencesin program usage
between those who improved and those who did not were
observed from thefirst week, although these differences started
to vanish during weeks 5 to 8 of the intervention. Furthermore,
inthe RC group, the usage of the platform during the first week
was not significantly different in comparison to the first half of
the intervention period (until week 4), and these differences
turned significant when compared with week 5 in advance,
indicating asignificant reduction of the usage during the second
half of theintervention period. Finally, independent ROC curve
analyses showed that 7 hours of time spent on the platform,
logging in 15 times, and completing 30 activities over the
intervention course were associated with the achievement of
RC. In other words, the likelihood of being in the RC group,
compared with the likelihood of being in the no RC group, was
highest at these thresholds.

With regard to the sociodemographic and clinical variablesand
their relation to program usage, our results showed that
individuals older than 50 years completed fewer activities
compared with younger cohorts. These results add up to the
contradictory literature about age and adherence, where different
studies are finding different directions in the relationship
between age and adherence [36,37]. It may be the case that age
on its own is not as important as the interaction of age with
other factors, such as computer literacy, which makes a
difference in this relationship. This study also showed that
individuals with minimal depressive symptoms at baseline had
significantly lower levels of usage compared with users with
higher levels of symptomatology. This could be explained by
the fact that the intervention isideally intended for individuals
with mild-to-severe depression, and this cohort of less depressed
usersdid not require the same grade of exposure to get benefits,
or the program indeed fell outside their needs, asit isatreatment
intervention. In this sense, these participants might benefit more
from preventive approaches, such as a resilience intervention.
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Our results here highlight the necessity and importance of
delivering the most appropriate intervention at the right time.
Still, it is worth mentioning that although the literature in this
regard shows mixed results [36], a related study identified
important benefits of the Space from Depression program for
those with subclinical symptoms [38].

In thisstudy, on average, the users utilized 57% of the program,
which is similar to completion rates in other internet-based
interventionsfor depression [36,39]. When comparing the usage
between those who obtained an RC and those who did not,
results showed that the former significantly spent more minutes,
accessed more times, completed more activities, were exposed
to more content, and received more reviews. It should be noted
that the time spent on the platform by those who achieved an
RC wasaround 7 hours, whichisslightly higher but still similar
to the 6 hours found in previous studies, and the time spent by
those who did not achieve an RC issimilar with previousresults
reporting between 4 and 5 hours[21,37]. However, theliterature
around the relationship between usage and outcomes in
internet-based interventions for mental health shows
contradictory results, as variables, such as time spent and
number of sessions, are not consistently related to outcomes,
and studies with greater statistical power need to be conducted
to shed morelight on thisrelationship [15]. Our results confirm
the largely used statement the more usage, the better [5,16],
although it is important to note that our variables account for
active (ie, activities completed) and passive (ie, percentage
viewed) engagement, and both elements are important to get
the most out of these interventions [20]. On the other hand,
composite measures, such as minutes per session and activities
per session, were not significantly different between conditions,
which contradicts results obtained by Donkin et a [21]. The
nonlinear fashion of Space from Depression and the fact that
thisprogramisvery focused on the usage of tools might explain
the absence of differences between these groupsin their behavior
within sessions, where the amount of time and tools used was
not significantly different between those who achieved an RC
and those who did not.

With regard to the weekly usage, our results showed that
participants who obtained an RC had significantly larger
exposure levels to the intervention compared with those who
did not improve, and these differences were more consistent
among the first 4 weeks. Focusing on the usage over time of
those who obtained an RC, the results showed similar usage
levels among the first 4 weeks, but the results showed a
significant subsequent decrease in the second half of the
intervention. Overall, theseresultsarein line with another study,
where the program was mostly used during the first half of the
intervention period [37]. In this sense, these results suggest that
the usage levels during the first month might be key for
improvement, and strategies for enhancing engagement at this
stage could be beneficial. One of these strategies could be
outcome and engagement monitoring, inbuilt in the feedback
system, so that participants could be flagged if they were
deviating from the expected results of the intervention, and
causesfor this could be explored and addressed [40]. Inasimilar
vein, a recent study found that when therapists were given
outcome feedback about patients who were deteriorating during
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the intervention period, these patients had significantly less
severe symptoms after treatment compared with similar patients
assigned to therapists who were not receiving this feedback
[41].

The ROC curve analyses are exploratory in nature, and the
results do not allow to draw firmer conclusions about optimal
usage levels; however, they can be understood as a first step
toward determining specific thresholds that could be tested in
controlled and experimental designs. Asrecommended by some
authors, the optimal dose needsto consider the balance between
user's burden and adherence to ensure that the effective
(observed) dose is as close as possible to the efficacious dose,
which is not dependent on adherence [23]. For this specific
intervention, the maximal efficacious dose isto complete the 7
modules during an 8-week period at the pace of 1 module per
week; however, our findings seem to indicate that the effective
dose would not require the completion of all the modules. In 3
out of 4 measured variables, the specificity of the optimal dose
was high, and the RC rates were close to 60% in those who
reached this usage cutoff. The optimal cutoff for the percentage
of program viewed variable showed low specificity, signifying
that a minimal 50% use of the platform would have a high
percentage of false positives, not ideal for determining intended
use. Overall, in this population at least, 7 hours of platform
usage spread out over 15 sessionsand completion of 30 activities
(these include repeat activities for learning key skills) over a
maximum period of 12 weeks were associated with achieving
aclinically significant change. Neverthel ess, these results have
to be considered within their context, and further studies with
changes to settings, types of programs used, and other study
features, such as population characteristics, may yield different
results. However, the parameters found for this particular
intervention are worth exploring further.

This paper contributes to the concept of adherence by providing
an empirical justification of intended use, that is, “the extent to
which individuals should experience the content to derive
maximum benefit from the intervention, as defined or implied
by its creators’ [22]. As suggested by different authors, there
isaneed for demonstrating the dose-response relationship, and
this paper has done so through the consideration of different
metrics. In this sense, future studies should explore whether
similar exposure levelsare needed for RC in different platforms,
and future studies should determine which are the actual tools
that have been used as some studies have aready done [37].
Although our results will help identify optimal levels of
exposure to maximize the benefits from these interventions,
future studies should be conducted to go deeper into the usage
patterns, asthey can take many different pathways, and different
types of usage can lead to benefits [42]. Log data of those
participants who reliably improved would be a way of
understanding different successful patterns of usage and which
tools or modules are most related to change.
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Limitations

This study also has some limitations. First, although the sample
of this study comes from an RCT, this substudy was
observational in nature, and no manipulation of the variables
related to usage was done. Given this, it is not possible to
establish causal relationships between usage metrics and
outcomes. Future analyses, such as cross-lagged models, could
focus on whether higher usage rates lead to lower symptoms
over time or whether decreasing symptomsiswhat drives higher
usage. This may answer the question of causdlity in this
association. RCTs could also look into comparing whether a
group pushed and receiving recommendation for reaching certain
usage levels will perform better than a group permitted to use
an intervention freely. Moreover, the inclusion of only those
participants who reported posttreatment outcomes might be
limiting the generalizahility of the results, asit has been found
that participants who engage more are also more likely to
respond to follow-up assessments [43]. Thus, it might be
possible that levels of usage were lower for those who did not
compl ete the postassessments. Another limitation relatesto the
number of reviews variable, as supporters were encouraged to
offer reviews regardless of whether participants were actively
using the platform. Future studies should provide different
indicationsto the supporters, so that the supporters do not need
to waste time writing reviews for users who are not logging in
to the platform. For example, supporters could have 2 attempts
to contact participants who are not using the platform and then
dischargethem from servicesif the answer isnot given. Finally,
the metric percentage viewed, which only accounts for new
content viewed, not considering content reviewed, has been
shown as a key element of internet-based interventions usage
[39]. These results could also explain why the relationship of
this variable with outcomes is not as clear as the others.

Conclusions

This study has used different ways to explore the relationship
between usage of an iCBT intervention for depression and the
outcomes achieved by participants. Theresults seemtoreinforce
the notion that the more usage of a \Web-based intervention, the
better but with some nuances. Thus, the usage during the first
half of the intervention was significantly higher compared with
the second half, which might haveimplicationsfor engagement
and how best to offer the support in the early stages.
Furthermore, this study suggests that it may be possible to
determine, at least preliminarily, an optimal dose that would
need to be tested and replicated to draw firmer conclusions. If
confirmed, these thresholds could be used to establish cutoffs
of adherenceto theintervention. Future studies should continue
to explore the rel ationship between usage and outcomesto better
understand how internet-delivered interventions work and how
to make them more responsive to varying degrees of usage. The
continuation of this line of research could lead us to a future
where aresponsiveintervention takesinto account usage levels,
allowing for tailoring in real time to enhance the engagement
of different participants and thus maximizing likelihood of a
positive outcome.
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Abstract

Background: Approximately 30% of people living with HIV worldwide are estimated to be unaware of their infection. HIV
self-testing (HIVST) is a strategy recommended by the World Health Organization to increase access to and uptake of testing
among key populations who are at high risk for HIV infection.

Objective: This study aimed to describe the development and feasibility of afree, anonymous, internet-based HIV ST strategy
designed for men who have sex with men in Curitiba, Brazil (electronic testing [e-testing]).

Methods: The project was developed under the scope of the “A Horaé Agora’ (The Timeis Now) program. Individuals aming
to request an HIV ST package (two tests each) answered an anonymous 5-minute questionnaire regarding inclusion criteria and
sexual risk behavior. Eligibleindividual s could receive one package every 6 monthsfor free. Website analytics, responseto online
questionnaires, package distribution, and return of test results were monitored via a platform-integrated system.

Results: Between February 2015 and January 2016, the website documented 17,786 unique visitors and 3218 completed online
guestionnaires. Most individuals self-reported being white (77.0%), young (median age: 25 years, interquartile range: 22-31
years), educated (87.3% completed secondary education or more), and previously tested for HIV (62.5%). Overall, 2526 HIVST
packages were delivered; of those, 542 (21.4%) reported aresult online or by mail (23 reactive and 11 invalid). During the study
period, 37 individuals who reported using e-testing visited the prespecified health facility for confirmatory testing (30 positive,
7 negative).

Conclusions; E-testing proved highly feasible and acceptable in this study, thus supporting scale-up to additional centers for
men who have sex with men in Brazil.
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Introduction

In 2016, it was estimated that 30% of people living with HIV
worldwide were unaware of their infection [1]. This gap
representsamajor challenge to achieving the targets of the Joint
United Nations Programme on HIV/AIDS (UNAIDS)
“90-90-90,” which aimsto ensure that 90% of all people living
with HIV are aware of their status by 2020 [2].

Unknown HIV statusis associated with late entry into care and
increased mortality rates and is a key driver of the epidemic
[3-5]. AnHIV test result isthefirst step in engaging in the HIV
treatment continuum for those who test positive or in the HIV
prevention continuum for those who test negative. Nonethel ess,
many barriers to expand HIV testing coverage persist, such as
stigma, difficulty in accessing testing facilities, and inconvenient
clinic hours[6,7].

HIV salf-testing (HIVST) alowsindividualsto performan HIV
test and interpret their own results [8]. Different strategies for
HIVST distribution worldwide have been proposed, such as
through peers[9], nongovernment organizations (NGOs) [10],
and mobile/social mediaapps[11]. Randomized controlled trials
have shown that HIV ST increases uptake and frequency of HIV
testing overall, without adverse events, social harm, or increased
risk behaviors [12]. Nevertheless, a review of HIVST
implementation studies by Estem et a [13] concluded that
despite the many potential benefits of HIV ST, dissemination
strategies need to be improved and the high cost of HIV ST kits
needs to be reduced to scale-up this strategy.

Key populations, including gay and other men who have sex
withmen (MSM), aregreatly affected by HIV inLatin America
and other regions [14,15]. Such populations have continued
high HIV incidence and encounter multiple structural barriers,
including stigma and discrimination, which increase their risk
of HIV exposure and acquisition and inhibit access to
evidence-based HIV prevention and treatment services[16]. In
Brazil, the prevalence of HIV among MSM, estimated at 14%
in 2009 [17] and 17.5% in 2016 [18], requires sustained
prevention and treatment efforts. Furthermore, despite an
increased proportion of MSM reporting annual testing (from
21.2% in 2009 to 43.3% in 2016) [19], innovations are needed
to increase MSM testing coverage in the country. The
convenience and discreet approach of self-testing would be
particularly useful to increase first-time HIV testing and
frequency among this vulnerable population.

Internet-based and mabile phone technologies are promising
toolsto overcome HIV ST delivery barriers among MSM [20].
In the United Kingdom and United States, both online and social
media—based promotion and delivery of free HIVST kits
effectively increased the frequency of testing and reached MSM
who were not previoudly tested [21,22]. In accordance with
international data[23,24], aprevious Brazilian study suggested
that HIVST would be well accepted among MSM [25]. Thus,
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providing HIV ST using these technol ogies may represent astep
forward in increasing testing access in Brazil, where free HIV
testing isalready provided by the Brazilian Public Health System
(“ Sistema Unico de Saide”).

Considering the limited access to and uptake of HIV testing
among MSM in Brazil and the evidence supporting its
acceptability, this paper reports on the development and
feasibility of an internet-based HIVST (electronic testing
[e-testing]) approach. E-testing was designed to promote HIV
prevention by providing free anonymous HIV ST and to enhance
linkage to HIV care for those with a confirmed HIV positive
status. We describe the results from the e-testing program’ sfirst
year, when HIVST was not available in Brazil outside the
research studies.

Methods

Design
Thiscross-sectional anaysis describesthe results obtained from
the e-testing strategy between February 2015 and January 2016.

E-testing was developed as part of the broader initiative “A
Horaé Agora’ (AHA; or “The Timeis Now"), which included
three community-based strategies to deliver rapid HIV testing:
a mobile testing unit, an NGO site, and e-testing. AHA was
implemented in partnership with the Oswaldo Cruz Foundation
(FIOCRUZ); the Department of STI, AIDS, and Viral Hepatitis
of the Brazilian Ministry of Health; the Municipal Health
Secretariat of Curitiba; the Federal University of Parana; Grupo
Dignidade (a local Leshian Gay Bisexual Transgender and
Queer/Questioning NGO); and Centersfor Disease Control and
Prevention (CDC) - Brazil. Implementation of the AHA program
was focused in Curitiba, a city with 1.75 million inhabitantsin
southern Brazil and an estimated HIV prevalence of 19.9%
(95% Cl 14.2-27.2) among MSM [18].

Recruitment

The AHA program counted on an extensive communications
plan to increase HIV testing and target young MSM [26]. The
appropriateness of the communications strategy was piloted in
focus groups including the target population, conducted in the
preformative research (which also mapped the main MSM
gathering sites and possible community partnersto the program).
The communication plan was continuously monitored and
evaluated during the entire program via independent focus
groups conducted in 2016 and Google Analytics.

Briefly, the communications included printed handouts
distributed viain-person outreach eventsin places where M SM
sociaize in the city; partnerships with gay and MSM-friendly
establishments such as saunas, movie theatres, cafes, and bars;
and virtual messages disseminated trough a Facebook page and
gay online sites such as ManHunt and Grindr. Examples of the
materials used for AHA are presented in Figure 1.
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Figurel. Sample of the“A Horaé Agora’ communications strategy for Curitiba, Brazil (2015-2016).
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to predict HIV seroconverson among MSM [27] and
recommended by the CDC to screen individuals for eligibility
for pre-exposure prophylaxis[28]. Individual s could check their

risk status and receive feedback, but data were not
collected/saved in the platform. (Figure 3).

Study Population

Participants were eligible to receive an HIV ST package if they
were male at birth, were at least 18 years of age, resided in
Curitiba, were HIV-negative or had an unknown HIV status,
had accessto the internet, and agreed to participate in the study
after reading the online informed consent form.

E-Testing Web Platform

The internet platform was made available to al at
www.ahoraeagora.org and could be accessed via persona
computer, smartphones, or tablets (apps were availablefor 10S
and Android). Thisplatform contained four modules (ie, website
sections presenting different access credentials): general
information, HIV ST order, management, and monitoring. The
general information module contained HIV prevention
information targeted to MSM, a step-by-step video, written
instructionsfor using HIV ST, geocoded optionsfor HIV testing
locations in Curitiba, and a personal risk assessment cal cul ator
(Figure 2).

The risk assessment calculator was adapted from the HIV
incidencerisk for MSM scale, a 7-item questionnaire devel oped
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TheHIV ST order moduleincluded an online questionnaire and
the option to request HIV ST. This module evaluated eligibility
criteriaand enabled test kit delivery viastandard Brazilian mail
or self-pick up at a central pharmacy within 2 weeks. After
completing the mandatory section of the questionnaire and
selecting a delivery option, a random personal identification
number (PIN) was assigned by the automated system. The PIN
was used to track future HIV ST requests, collect self-reported
HIV ST results, and monitor subsequent linkageto further testing
and HIV care.

The management module encompassed the administration and
logisticsfunctionsof HIV ST package delivery (including central
and pharmacy inventory control) and generated management
reportsfor authorized staff. Finally, the fourth module monitored
accessand usability statistics of the AHA website (using Google
Analytics), aggregated data from the order module, and
generated routine reports.
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Figure 2. E-testing Web platform: general information module.
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Figure 3. E-testing Web platform: risk assessment calculator.
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M easures

Website Analytics, HIV Self-Testing Distribution, and
Platform Usability

HIV Self-Testing Package

MSM who met the eligibility criteriaand accessed the e-testing
website could order an HIV ST package. The package included

two OraQuick Advanced HIV-1/2 HIVST Kkits, (OraSure
Technologies, Inc, Bethlehem, PA, adapted and repackaged for
self-testing in Brazil), condoms, lubricants, written self-test
instruction, an anonymous prepaid card for returning test results
(for those preferring to return the results by mail), and
information about health facilities that provided free
confirmatory HIV testing. Between March 7, 2015, and May
4, 2015, and between August 14, 2015, and February 29, 2016,
only one HIVST was sent in each package. Using their PIN,
individuals could order a new package every 6 months.

https://www.jmir.org/2019/8/e14145/

RenderX

Website analyticswere measured using Google Analytics. Data
on HIVST distribution were retrieved from the management
module. Platform usability was measured using the following
guestions:

«  Question: “Overall, did you find this platform easy to use?’
Response: Yes/No

«  Question: “What were the major difficultiesyou findin the
platform?’ Responses: “| was not able to find the links |
was looking for” / “1 would like to have access to more
tests” / “I would like to retrieve the tests in other places’ /
“1 did not find any difficulties’ / “ Other-specify”

«  Question: “Did you find the testing instructions clear?’
Response: Yes/No.
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Characteristics of the Study Population

Individuals requesting an HIV ST package were encouraged to
answer the online questionnaire available in the HIVST order
module. The questionnaire comprised two parts. the first was
mandatory to initiate the HIVST request and included the
eligibility criteria (eg, participant’s age, city, and unknown or
negative HIV status). The second part was optional and
eva uated demographic characteristics (eg, schooling, color/race,
gender and sexual orientation, and steady partner), risk
perception (using the question “What is your likelihood of
getting HIV in the next 12 months?’) [29], and risk behavior
for HIV infection (using the HIV incidence risk for the MSM
scale) [27].

HIV Self-Testing Result Return

Individuals were asked to return their results either by directly
entering result information into the website (using their PINS)
or via the prepaid postal card. Additionally, when uploading
results to the website, individuals were invited to answer a
guestionnaire regarding their experience and any possible social
harm (using three dichotomous questions regarding coercion,
feelings of shame, or violent reactions of partners).

Confirmatory Testing

Individualswith areactive or invalid test result were instructed
to seek confirmatory testing at Curitiba's reference center for
HIV Counseling and Testing (COA) and to bring their PIN. The
COA follows the HIV testing algorithm of the 2014 Brazilian
Ministry of Health guidelines [30], and those confirmed to be
HIV-positive were offered immediate HIV care. A question
regarding the AHA testing strategieswasincluded in theregular
COA form, and staff reported the number of tests performed as
aresult of referrals from specific AHA project strategies.

Feasibility Outcomes

Project success was defined a priori as =60% individuas
ordering HIV ST after starting the online request process; >50%
individuals picking up the HIVST at the pharmacy within 2
weeks; 1000 HIVST packages (2000 HIV ST kits) distributed
in 12 months; 20% HIV ST resultsreturned viamail or theonline
platform; and >50% individuals, who self-reported a reactive
HIV ST, accessing the COA for confirmatory testing and HIV
care. There were no a priori outcomes related to the second
HIV ST kit included in the package.

Although there was scarce evidence to determine al the
feasibility outcomes at the time of the study design (2014), a
limited-advertised Brazilian Web survey was able to reach 629
MSM in around 10 days, of whom 82 were from the South
region of the country. The vast majority (89.8%) of them
reported high interest in using HIV ST [25]. Asthe South of the

https://www.jmir.org/2019/8/e14145/
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country has three state capitals, and this project had a strong
communications plan, we expected to distribute around 80
HIV ST per month (rounded to 1000/year) in the selected South
Capital (Curitiba). For the outcomes that we had no previous
data on, we considered the most conservative estimate (50%)
to be acceptable. Finally, regarding return of the testing results,
we considered the general low response of mail and email
surveys conducted in different areas of knowledge [31-34] and
the additional absence of incentives; as such, we expected that
20% of the results would be returned to the project.

Statistical Analysis

We present the results of the online questionnaires and HIVST
results returned using descriptive statistics, including both
absolute counts and relative frequencies and 95% Cls. Data
were analyzed using SPSS software (IBM Corp, Armonk, NY).

Ethical | ssues

Details of informed consent were displayed in pop-up windows
preceding the online questionnaire. No personally identifying
information was collected in the informed consent forms or
guestionnaires to preserve users anonymity.

Personal information necessary for HIV ST delivery was saved
in the Web server and was restricted to trained staff in charge
of package mail delivery. All staff members signed a
confidentiality agreement. Identification for HIVST delivery
was not linked to individual S questionnaire responses. To ensure
information security and confidentiality, the website used
verified access to the original site, data encryption between
personal computers and the website, and encryption of database
tables. Information was only available to users registered with
alogin and a safe password.

Trained counselors at a 24/7 hotline were available to assist in
the event of any psychological crisis. Social harm, such as
coercion or violent reactions of partners, was considered an
adverse event and was assessed in the feedback questionnaire.

The e-testing study protocol was approved by the Evandro
Chagas National Institute of Infectious Diseases/FIOCRUZ
Institutional Review Board (CAAE number:
37848114.9.0000.5262). The study was reviewed according to
the Centersfor Disease Control and Prevention human research
protection procedures and was determined to be research but
the CDC was not engaged.

Results

The detailed frequencies and data sources of the e-testing study
during its first year of implementation are provided in Figure
4.
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Figure4. E-testing project flowchart for Curitiba, Brazil (2015-2016). * Between March 7, 2015, and May 4, 2015, and between August 14, 2015, and
February 29, 2016, only one HIVST was sent in each package; therefore, the total number of unique HIV ST kits distributed is 4342. HIVST: HIV

self-testing.

Website analytics and HIVST
distribution

- = Page views
* 17,786 unique visitors (Google
67,225 Analytics)

= Online questionnaires initiated
7300

1
| |
| |
I |
| |
I |
I |
| |
I |
| |
I |
I |
| i
: "« Online questionnaires fulfilling inclusion |
| | 4800 criteria :
INZ |
| ~ = Package’s requests initiated I
: 3885 \
[ ) i
' 7 » Packages delivered (4342 tests)* I
: 2526 |
I ; |
I = Packages with results returned to the l
} 542  project |
L s |

m=—=—=—===============_

Excluded N(%)
questionnaires
(2500)

r—==-=="=== =
Not living in 1449 (58) | - .
Curitiba Characteristics of
Age <18 years 43(1.7) | -

(the study population
Female at birth 804

(32.2) Online questionnaires

HIV positive 129 (5.2) fulfilling inclusion criteria

4800 (4800/7300=65%)

Not answering for 501 (20)

the first time?

“may present more than one
fexcluded only from analysis

Questionnaires completed
3218 (3218/4800=67%)

Packages not delivered

215 returned by post office

124 cancelled by the user L |

884 not picked-up at the
pharmacy

128 not send due incomplete
address

8in process to delivery when
data closed

HIVST feedback and Confirmatory

Website Analytics, HIV Self-Testing Distribution, and
Platform Usability

During the study period, the AHA website had 67,225 page
viewsfrom 17,786 uniquevisitors. The most frequently viewed
pageswere thosein which userscould order an HIV ST package
by mail (9.7%), al pages containing information on HIV
prevention (6.6%), and the page on risk self-assessment (6.5%;
Table 1). The etesting app had 2571 downloads (1780
downloads at Google Play and 791 at Apple Store).

Overall, 3885 questionnaire respondents initiated an HIVST
request, of which 2526 packages were delivered (215 requests
were returned by mail, 124 were cancelled by the users, 884
were not picked up at the pharmacy within 2 weeks, 128 were

https://www.jmir.org/2019/8/e14145/
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not sent due to incompl ete addresses, and 8 were in the process
of delivery at the time the present dataset was closed; Figure
4). Most deliveries were made by the Brazilian mail (n=1943,
77%), and 583 (23%) packageswere picked up at the pharmacy.
A total of 66 PINs (of 3885, 1.7%) requested at least one
additional HIV ST package during the study period.

Of all individual s accessing the website, 362 answered questions
about the usability of the website. Most respondents found the
site “Very easy” (n=260, 71.8%) or “Easy” (n=71, 19.6%) to
use. Furthermore, 72% (262/362) stated that they did not have
difficulties navigating the website, and only 21 (5.8%) stated
that they did not find the pages they were searching for. The
vast mgjority (n=339, 93.6%) aso found that the website's
instructions for performing HIV ST were clear.
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Table 1. Pagesviewed (n=67,225) on the A Hora é Agora e-testing website in Curitiba, Brazil (February 6, 2015, to January 31, 2016).

Pages viewed

Value, n (%)?

Any of thefollowing linkson HIV prevention infor mation
Viral load and treatment as prevention
Circumcision
Sexual transmitted diseases
Interrupted intercourse
Pre-exposure prophylaxis
Postexposure prophylaxis
Oral sex
Condom use

Link for risk self-assessment

Link to HIV-testing facilities map

Link to HIVST® request by mail

Link to pick up HIVST in the pharmacy

Link to step-by-step video

4425 (6.6)
337 (0.5)
750 (1.1)
280 (0.4)
746 (1.1)
418 (0.6)
583 (0.9)
946 (1.4)
365 (0.5)
4398 (6.5)
3420 (5.1)
6546 (9.7)

1917 (2.9)
4118 (6.1)

3proportion of hitsin a specific link over total hits for the website.
PHIVST: HIV self-testing.

Characteristics of the Study Population

During the study period, 65% (4800/7300) of individuals who
initiated an HIV ST request met the digibility criteria. Of the
men who completed the online questionnaire (n=3218), most
wereyoung (median: 25 years; interquartilerange [|QR]: 22-31
years), were of white race/ethnicity (n=2478, 77%), had

https://www.jmir.org/2019/8/e14145/

completed at least secondary school (n=2810, 87%), and had
never had an HIV test (n=1206, 37.5%; Table 2). Thefrequency
of possiblereasonsfor never testing were*| am afraid of having
a positive result” (27.6%), “1 feel ashamed” (21.7%), “It is
inconvenient to go to a health care clinic” (15.7%), “I am not
at risk of being infected” (10.4%), and “| feel lazy” (7.4%);
17.3% did not want to answer this question.
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Table2. Demographic and behaviora characteristics of men who completed the online questionnaire at the A Horaé Agorae-testing websitein Curitiba,
Brazil 2015-2016 (N=3218).

Characteristic Value, n (%)
Demographics
Age (years), median (IQR?) 25(22-31)
Race/ethnicity
White 2478 (77.0)
Black 103 (3.2)
Mixed 495 (15.4)
Native 22 (0.7)
Asian 49 (1.5)
Don’t know/don’t want to answer 71(2.2)
Schooling
No schooling/incompl ete primary school 85 (2.6)
Complete primary/incomplete secondary school 261 (8.1)
Complete secondary/incomplete college 1549 (48.1)
Complete college/graduate/professional school 1261 (39.2)
Don’t know/don’t want to answer 62 (1.9)

Sexual identity/orientation

Gay/homosexual 1953 (60.7)
Bisexual 370 (11.5)
Heterosexua 649 (20.2)
Transvestite, transsexual, transgender 22(0.7)
Other 25(0.8)
Don’'t know/don’t want to answer 199 (6.2)
Steady partner
Yes 1334 (41.5)
No 1677 (52.1)
Don't want to answer 207 (6.4)
Risk perception
Perceived likelihood of acquiring HIV in the next 12 months
None/little chance 1973 (61.3)
Some chance/high chance/certainly 266 (8.3)
Don't want to answer 978 (30.4)

Had apreviousHIV test in lifetime
Yes 2012 (62.5)
No 1206 (37.5)
Risk behavior for HIV infection

Number of male sexual partners (6 months)

0-5 1486 (46.2)
6-10 345 (10.7)
>10 197 (6.1)
Don't know/don’t want to answer 1190 (37.0)

Number of times participant was receptive to partner without condom (6 months)
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Characteristic Value, n (%)
None 14 (0.4)
Once or more 1097 (34.1)
Don’t know/don’t want to answer 2107 (65.5)
Number HIV-positive partners (6 months)

None 34 (1.0)

1 231(7.2)

>1 37(1.2)
Don’t know/don’t want to answer 2916 (90.6)

Number of times participant had condomlessinsertive anal sex with HIV-positive partner (6 months)

0-4
>5

Don't know/don’t want to answer

Stimulant use (6 months)b
Yes
No
Don’'t know/don’t want to answer
STIC diagnosisin prior 6 months
Yes
No

Don't know/don’t want to answer

419 (13.0)
149 (4.7)
2650 (82.3)

525 (16.3)
2466 (76.6)
227(7.1)

249 (7.8)
2728 (84.7)
241 (7.5)

3 QR, interquartile range.
bstimulants include cocaine, crack, poppers, and ecstasy.
CSTI: sexually transmitted infection.

Return of HIV Self-Testing Results

Of the 2526 packages delivered, 21.4% (n=542) returned an
HIV ST result on the website or by mail. Of these, 19 reactive
and 11 invalid test resultswere entered into the website platform
and 4 reactive results were returned by mail (as of February 29,
2016).

Therewere 91 responsesto the feedback survey on self-testing,
but we received no reports (questionnaire or hotling) of
psychological crisesor violent reactionsfrom partners. Howeve,
one individual reported feeling ashamed because someone saw
him self-testing.

https://www.jmir.org/2019/8/e14145/

Confirmatory Testing

As of February 2016, 37 individuals were tested at the COA
reporting to have used the e-testing: 30 had HIV-positive results
and 7 had negative results.

Feasibility Outcomes

Project successwas achieved for most of the previously defined
outcomes (Table 3).

Over the study period, the telephone hotline received 70 calls:
two were questions regarding what to do following a reactive
result, three were related to assistance with interpreting the
self-test result, five wererelated to queries on test performance,
six were related to problems with HIVST delivery, and the
remaining were about HIV testing in general and not about
self-testing/e-testing.
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Table 3. Feasibility outcomes defined in the study protocol and achievementsin the A Hora é Agora e-testing project in Curitiba, Brazil (2015-2016).

Measurement Proportion Indicator A priori successindicator
Individuals who got an HIVST? package after starting the online request process 2526/3885 65.0%  260%

Individuals who collected the HIV ST at the distribution pharmacy, within 2 weeks of or-  544/1417 38.4% >50%

dering

HIV ST packages distributed during the initial 12-month timeframe (either sent by mail or  Not applicable  o50a¢ >1000¢

retrieved at the pharmacy)b

Proportion of HIV ST packages with atest result returned” viamail or the website up to (82€+460f)/2526 21.4% 220%

February 29, 2016

Proportion of those with a positive result who accessed the Counseling and Testing Center  399/34" 88.2% >50%

for confirmatory testing up to February 29, 2016

BHIVST: HIV self-testing.

bBetween March 7, 2015, and May 4, 2015, and between August 14, 2015, and February 29, 2016, only one HIV ST was sent in each package; therefore,

the total number of unique HIV ST kits distributed is 4342.
“The N valueis presented.

dDifferent date (February 29, 2016) was considered in this indicator to provide enough time for individuals to receive/retrieve tests and include the

results on the platform.

€Overall, there were 90 results returned by mail, but 8 were also included on the site (n=82 test resuilts returned by mail). Four unique reactive results

were returned by mail.
f460 test results returned on the website.

90verall, 37 individuals went to Counseling and Testing Center to access confirmatory testing: 30 were positive and 7 were negative. Given the absence
of identification, we cannot confirm that these are the same individuals who reported their resultsinto the site or by mail.

P19 reactive+11 invalid inserted in the platform+4 reactive returned by mail up to February 29, 2016.

Discussion

We describe an internet-based strategy to provide HIV
prevention information and HIVV ST to MSM in Curitiba, Brazil.
In the first year, we deivered 2526 HIVST packages,
substantially more than predicted in the study design (1000
packages). Our findings are similar to reports from previous
studies that have shown good uptake and use of websites
containing information on HIV prevention, self-assessment of
risk, and HIVST among MSM [35,36]. Such high uptake is
likely due to the significant number of MSM who use socid
media and the internet to look for sexua partners [37]. A
previous Web-based survey in 10 Brazilian cities [38] found
that 1798 (35.6%) and 678 (13.4%) of responding M SM reported
daily and weekend use of websites and smart phone appsto
seek sexua partners.

The use of internet and social media approaches for health
promotion and behavioral interventions has become moreroutine
according to international literature and aready includes
smoking cessation [39] and heart disease prevention programs
[40]. The internet and social media are particularly promising
waysto offer testing to MSM at high ongoing risk of HIV [41],
as those using social media and the internet to meet sexual
partners also have high-risk behavior and increased HIV risk
[42,43]. Thus, internet-based health initiatives can help
overcome health disparities to access prevention and care,
particularly among M SM, and can hel p facilitate uptake of HIV
testing, prevention, and treatment services.

E-testing appeared to appeal to never-tested M SM who reported
a fear of having a positive result, shame (which is probably
related to stigma), and unfriendly health facilities. Theseresults

https://www.jmir.org/2019/8/e14145/

are consistent with reports showing that HIVST is highly
acceptable to MSM [25,44] and can facilitate uptake and
frequency of testing. This demand was likely driven by the
privacy of e-testing, which systematic reviews have highlighted
as a priority for MSM [23]. Similarly, the large number of
HIVST packages delivered by mail, compared to packages
retrieved in the public pharmacy, was likely related to
introducing delivery models that addressed challenges such as
travel distances, wait times at facilities, and confidentiality
issues [45,46], al of which have been previously cited as
barriers to testing.

Of theindividualswho answered the entire online questionnaire,
most identified as young, white, well-educated, and without a
steady partner. Although these characteristics were similar to
those reported in other studies among MSM in the country
[38,47], there were some differences as compared to a recent
household probability survey conducted among men from
Curitiba [48]: In our study, participants were younger, more
likely to be white (77% vs 64%), less likely to perceive high
risk for HIV infection (8% vs 52%), and lesslikely to have ever
had an HIV test (62.5% vs 75.7%) than found in the survey
[48].

However, the latest Brazilian estimates have shown an increase
in the HIV prevalence among young MSM [18], who aso
showed riskier sexua behavior than older MSM [19]. Thisnew
evidence reinforcestheimportance of strategiesto successfully
reach this key population. Our findings suggest that, at least for
young MSM, important subpopulations are open to new HIV
testing strategies and understand the need for frequent or
risk-based HIV testing.
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In our study, HIVST was provided for free but without the
provision of any incentives (the Brazilian Ethic regulations do
not alow the provision of incentives for research participants
or patients). We received 21.4% of HIVST results (18.2%
through the website and 3.2% by mail). Thiswasasubstantially
lower proportion than presented in China by Zhong et al [49],
who reported 97% of self-testersreturning resultswhen HIVST
kit costs were refunded upon return of results. We believe that
this difference is related to the provision of incentives, and not
providing incentives was one of the reasons why we estimated
alow return rate when designing thisfeasibility study. However,
the World Health Organization recommends self-testing as an
additional HIV testing tool [8], not asan HIV surveillancetool,
meaning that a low return rate may not represent a major
drawback. On the other hand, confirmatory testing and rapid
linkage to care are essential after a reactive HIVST result. A
study conducted in Brazil reported that of 131 M SM who tested
positive, only 95 (72.5%) were linked to care [50]. Because of
the anonymity of the e-testing strategy, the proportion of study
participants who sought confirmatory testing is uncertain.
Furthermore, although users were instructed to bring their PIN
to the COA when seeking confirmatory testing, no one accessing
servicesat COA provided aPIN. Therefore, we could not match
the HIV ST results and confirmatory results. Other programs
seeking ways to track users' confirmatory testing and linkage
to HIV services following HIVST should be aware of this
limitation and the challenges with monitoring HIVST
implementation. Other potential caveats of self-testing discussed
intheliterature are psychological crisesand social harm. In our
study, neither of these eventswere reported, which is consistent
with the international literature [12,23].
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E-testing was largely successful during itsfirst year: E-testing
achieved most of the previoudly defined study outcomes, and
demand for HIVST was twice that initialy anticipated.
However, our study had limitations. The anonymous,
self-reported nature of data collection and the low proportion
of users who reported their HIV ST results prevented us from
validating individual HIV ST resultswith confirmatory testsand
from estimating the HIV prevalence (due to the inability to
exclude multiple answers from the same individuals).
Additionally, because we did not track the second test distributed
in the package, it is possible that the test requestor gave the
second test to a friend or partner, which would increase the
number of individualstested during the study period. We likely
also missed MSM who may be fearful of HIV testing and those
who did not have access to the internet, which limits the
generalizability of our findings. Despite these limitations, we
achieved our primary goal, which wasto reach individualswho
do not access traditional HIV testing services.

In conclusion, our findings show that an internet-based strategy
to provide free, anonymous HIV ST kits was acceptable and
feasiblein Brazil. Lessons |earned from this study may also be
applied to other countriesin Latin Americawith similar cultural
and epidemiological contexts. The discretion and convenience
of HIVST may increase testing among MSM who are not
reached through existing services. Futureinvestigation is needed,
however, to identify strategiesto support linkage to prevention
and treatment services and to determine the potential public
health impact and cost-effectiveness of HIVST in Brazil.
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Abstract

Background: Adopting an active lifestyle plays akey role in the prevention and management of chronic diseases such as type
2 diabetes mellitus (T2DM). Web-based interventions are able to alter health behaviors and show stronger effects when they are
informed by abehavior change theory. MyPlan 2.0 isafully automated electronic health (eHealth) and mobile health (mHealth)
intervention targeting physical activity (PA) and sedentary behavior (SB) based on the Health Action Process Approach (HAPA).

Objective: Thisstudy aimed to test the short-term effect of MyPlan 2.0 in altering levels of PA and SB and in changing personal
determinants of behavior in adults with T2DM and in adults aged =50 years.

Methods: The study comprised two randomized controlled trials (RCTs) with an identical design. RCT 1 was conducted with
adults with T2DM. RCT 2 was performed in adults aged =50 years. Data were collected via face-to-face assessments. The
participants decided either to increase their level of PA or to decrease their level of SB. The participants were randomly allocated
with a2:1 ratio to the intervention group or the waiting-list control group. They were not blinded for their group alocation. The
participantsin the intervention group were instructed to go through MyPlan 2.0, comprising 5 sessionswith an interval of 1 week
between each session. The primary outcomes were objectively measured and self-reported PA (ig, light PA, moderate-to-vigorous
PA, total PA, number of steps, and domain-specific [eg, transport-related] PA) and SB (i, sitting time, number of breaks from
sitting time, and length of sitting bouts). Secondary outcomes were self-reported behavioral determinants for PA and SB (eg,
self-efficacy). Separate linear mixed models were performed to analyze the effects of MyPlan 2.0 in the two samples.

Results: InRCT 1 (n=54), the PA intervention group showed, in contrast to the control group, a decrease in self-reported time
spent sitting (P=.09) and an increase in accelerometer-measured moderate (P=.05) and moderate-to-vigorous PA (P=.049). The
SB intervention group displayed an increase in accel erometer-assessed breaks from sedentary timein comparison with the control
group (P=.005). A total of 14 participants of RCT 1 dropped out. In RCT 2 (n=63), the PA intervention group showed an increase
for self-reported total PA in comparison with the control group (P=.003). Furthermore, in contrast to the control group, the SB
intervention group decreased their self-reported time spent sitting (P=.08) and increased their accel erometer-assessed moderate
(P=.06) and moderate-to-vigorous PA (P=.07). A total of 8 participants of RCT 2 dropped out.

Conclusions: For both the samples, the HAPA-based eHealth and mHealth intervention, MyPlan 2.0, was able to improve only
some of the primary outcomes.
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Introduction

The prevalence of chronic diseases, such as type 2 diabetes
mellitus (T2DM), cardiovascular disease, and cancer, is high
and rising [1,2]. Adopting an active lifestyle (ie, increasing
physical activity [PA] and reducing sedentary behavior [SB])
plays an important role in the prevention and management of
these diseases [3,4]. Indeed, adults are recommended to
accumulate 150 min of moderate-to-vigorous PA (MVPA) [5]
and minimize periods of prolonged sedentary time[6]. However,
the majority of adults do not meet the guidelines considering
PA and accumulate high levels of sitting time [4]. Even people
for whom adopting an active lifestyleis considered acornerstone
in the management of their disease, such as peoplewith T2DM,
show high levels of physical inactivity and sedentary time[7,8].
Conseguently, interventions targeting increases in PA and
decreasesin SB in adults with T2DM aswell asin adults from
the general population are needed.

As the number of internet and mobile phone users increases,
interest in electronic health (eHealth) and mobile health
(mHealth) interventions is growing [9]. eHealth and mHealth
interventions offer several advantages as they can deliver fast
and tailored information to large groups of individuas in a
cost-effective way. Research examining the common effect of
eHealth or mHealth interventions targeting PA or SB reports
trivial-to-small and short-term effects[10-12]. Important points
for improvement are better reporting of the theoretical basis as
well asactiveingredients (ie, theimplemented behavior change
techniques) of theintervention[10,12,13] and adopting objective
measures to assess PA and SB [12].

Theory-based interventions delivered via the internet show
stronger effects than internet-based interventions making less
extensive or no use of theory (median d,=0.19) [14].
Self-regulation frameworks highlight theimportance of bridging
the intention-behavior gap by considering pre- as well as
postintentional determinants of behavior change[15]. A review
of Rhodes et a (2015) provides an overview of models
incorporating pre- as well as postintentional determinants of
PA [16]. The identified models showed considerable overlap
in the proposed processes to bridge the intention-behavior gap.
The results further showed that the health action process
approach (HAPA) [17] was the most often used and
independently tested framework. Indeed, the HAPA has been
applied to alter the levels of PA and SB in clinical (including
adultswith T2DM [18]) and in nonclinical populations[19,20].
In recent years, this theoretical framework has also been used
for developing Web-based behaviora interventions [21-24].
For example, SmartMabiel, an eHealth intervention informed

https://www.jmir.org/2019/8/€13363/

by the HAPA-model was found to be effective in increasing
PA in adults [25]. According to the HAPA, risk perception,
outcome expectancies, self-efficacy, intention, action planning,
coping planning, and monitoring are persona determinants
playing akey role in behavior change.

MyPlan 2.0 isastand-alone HAPA-based eHealth and mHealth
intervention comprising (1) awebsite offering weekly sessions
to create and evaluate personal goalsand (2) an optional mobile
app providing daily support [26]. The program offersamodule
targeting increasesin PA and a module targeting reductionsin
SB. The users autonomously select which behavior they will
focus on. This was done because of two reasons. First, PA and
SB are considered distinct rather than opposite behaviors, each
having a unique contribution to people’s mental and physical
health [27]. Indeed, one might reach the health normsregarding
PA and till show high levels of SB and vice versa. Second, the
self-regulation framework emphasizes the importance of goal
ownership and highlightsthe need to | et people sel ect goalsthat
they can relate with [15]. The program aims to alter behavior
by targeting the HA PA-based personal determinants of behavior.
As obtaining large changes in behavior might take longer than
the length of the program, it isimportant to also assess whether
the intervention altered the targeted personal determinants for
behavior. These persona determinants could be atered on a
shorter term and, according to the HAPA [28], changesin the
personal determinants will result in changesin behavior.

The aim of this study was to test the efficacy of MyPlan 2.0 to
alter behavior (primary outcome) and behavioral determinants
(secondary outcome) in adults with T2DM. The research
protocol for the randomized controlled trial (RCT) in patients
with T2DM was published [26]. However, we encountered
difficulties in recruiting participants with T2DM. For that
reason, it was decided to recruit an additional group of
participants from the general population from a similar age
cohort as the population with T2DM. Consequently, the
participants of RCT 1 were adults diagnosed with T2DM and
the participants of RCT 2 were adults aged 50 years or older.

Methods

Hypotheses

Similar hypotheses were formulated for both RCTs. Regarding
PA, we hypothesized that MyPlan 2.0 would have a positive
effect on self-reported and objectively measured levels of total
PA, MVPA, and light PA (LPA) in the PA intervention group
compared with the control group. Regarding sedentary behavior,
we hypothesized that MyPlan 2.0 would reduce self-reported
and objectively measured total sitting timein the SB intervention
group compared with the control group. Furthermore, as the
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intervention focused on limiting sedentary time as well as
interrupting periods of prolonged sitting, we expected to find
an increase in breaks from sedentary time and adecreasein the
length of the sedentary boutsin theintervention group targeting
SB compared with the control group. Regarding the personal
determinants, we expected that MyPlan 2.0 would increase the
participants' self-efficacy, outcome expectations, intention,
action planning, coping planning, and self-monitoring. No
hypotheses regarding the participants risk perception were
made as MyPlan 2.0 did not specifically target this personal
determinant [26].

Study Design and Procedure

In total, 2 RCTs with a parallel group design were conducted
to investigate the effect of MyPlan 2.0 on PA, SB, and
HAPA-based determinants. The protocol was preregistered [26].
The a priori power analysis suggested a sample size of 96
participants. Adults with T2DM were recruited via the Ghent
University Hospital and the Damian General Hospital (Ostend).
However, recruitment viathe hospitals was slow. Therefore, in
contrast with the recruitment process described in the protocol,
we aso advertised the study via the Flemish Diabetes
Association and in adults with T2DM who participated in the
previous research of the involved research groups. The sample
of adults aged =50 years was recruited via advertisements in
local newspapersand viasnowball sampling. For both samples,
the inclusion criteria were (1) being literate in the Dutch
language to engage in the intervention, (2) being computer
literate, (3) having internet access, and (4) not having
participated in the qualitative study about MyPlan 2.0.
Additional inclusion criteriato participatein RCT 1 werebeing
diagnosed with T2DM sinceat least 1 month and being 18 years
or older, whereas the participants of RCT 2 wererequired to be
aged 50 years or older.

Figure 1 displaysthe design of the RCTs. After enrollment, the
participants were visited by one of the researchers. During the
home visit, the researcher explained the difference between PA
and SB and asked the participants to select a target behavior

Figure 1. Design of the randomized controlled trials.

Poppe et a

(ie, increasing PA or decreasing SB). The participants completed
guestionnaires and their weight and waist circumference were
assessed. The participants were instructed to wear an
accelerometer for 10 consecutive days starting the day after the
home visit. After these 10 days, the participants were allocated
by LPto theintervention or the waiting-list control group using
a2:1 ratio. Thiswas done viaarandom number generator. The
participants allocated to the waiting-list control group were
informed about their allocation and instructed to continue with
their life asusual. The participants allocated to the intervention
group received accessto the MyPlan 2.0 website and the mobile
app. The participants who selected to focus on their level of PA
were guided to the version targeting PA (PA intervention group),
whereas the participants who selected to ater their level of SB
were guided to the version targeting SB (SB intervention group).
They wereinstructed to go through each of the weekly sessions
(5 in total) offered by the website. The involved researchers
inspected the logfile of the website to check whether the
participants logged in for each session. The participants who
forgot to log in were contacted by a researcher via email and
informed about the next session. If the participant did not
respond, he or she was contacted via telephone. As having a
smartphonewas not aninclusion criterion, it was not obligatory
to use the mobile app. To monitor any adverse effects (eg,
hypoglycemia), all participants were weekly phoned by a
member of the research team. No coaching took place during
these phone calls.

After completing all sessions (PA and SB intervention groups)
or the 5-week waiting period (control group), a second home
visit was arranged. During this second home visit, the
participants compl eted the same assessments as at baseline. The
participants who decided to leave the study were contacted by
one of the researchersand asked if they werewilling to complete
aquestionnaire assessing potential reasonsfor attrition. Except
during the pretest (the participants were allocated to a group
after the pretest), neither the participants nor researchers
assessing the outcome variables were blinded.

Intervention group

Target behavior= Physical activity
- MyPlan 2.0 (version physical activity)

Pretest

Target behavior= Sedentary behavior
- MyPlan 2.0 (version sedentary behavior)

Posttest

Waiting-list control group
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All data were collected between January and September 2018.
No changes regarding bug fixes, downtimes, or content changes
to the Web-based program occurred after trial commencement.
The RCTs were approved by the Committee of Medical Ethics
of the Ghent University Hospital (Belgian registration numbers:
B670201732566 for RCT 1 and BE670201731996 for RCT 2).

MyPlan 2.0

MyPlan 2.0 isafree fully automated HA PA-based eHealth and
mHealth intervention comprising a website and an optional
mobile app. Its precursor, MyPlan 1.0, showed high levels of
attrition. Several user-based studies were performed to better
adapt MyPlan 2.0 to the users' needs [29-32]. Multimedia
Appendix 1 provides an overview of the lessons learned from
each of these studies and describes how these findings guided
the adaptationsto MyPlan 2.0. The program offers anumber of
behavior-change techniques aiming to influence the users
HAPA-based personal determinants for change. The used
techniques are mentioned below and labelled according to the
taxonomy of behavior change techniques of Michie et al [33].
Multimedia Appendix 2 provides screenshots of the website
and the mobile app.

The Website

The website part of MyPlan 2.0 was created using LifeGuide
[34] and offers 5 sessionswith aperiod of 1 week between each
session. The two versions of the program (one targeting
increases in PA and one targeting reductions in SB) have an
identical structure and offer the same self-regul ation techniques.

https://www.jmir.org/2019/8/€13363/

Poppe et a

During the first session, the users create a profile, complete an
optional quiz regarding the benefits of the chosen health
behavior (ie, increasing PA or reducing SB, providing
information on consequences of behavior), fill out a
guestionnaire assessing their current level of PA or SB and
receivetailored feedback (providing feedback on performance),
create apersonal action plan to alter the chosen health behavior
(action planning), foresee potential barriers and search for
solutions (barrier identification/problem solving), and select
how they will monitor their behavior (prompting self-monitoring
of behavior). At the end of the first session, the users’ answers
are summarized in a printable action plan and they are offered
optional information about how they can obtain support from
their partner, friends, family, or colleagues (exploring social
support). Figure 2 shows the flow of the first session.

After 1 week, the users receive an email to start the second
session. Thefollow-up sessions (ie, sessions 2-5) haveasimilar
structure. After logging in, the users are asked to what extent
they reached the goal set in the previous session (prompting
review of behavioral goals) and whether they would liketo keep
or adapt this goal. When choosing the latter, the user is guided
to the action planning section. All users again foresee potential
barriersto reach the goal and search for solutions. Finally, their
answers are summarized in aprintable action plan and the users
are optionally offered additional tips and tricks (eg, try to take
the stairs instead of using the elevator) to become more
physically active or less sedentary. Figure 3 depicts the flow of
the follow-up sessions.
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Figure 2. Flow of the first session.
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Figure 3. Flow of the follow-up sessions.
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The Mobile App

The mobile app comprises 5 modules through which the users
can freely navigate. The first module supports users in
monitoring their behavior (prompting self-monitoring of
behavior). Every evening, the users receive a notification to
report the extent to which they were able to be more physically
active or to sit less (eg, not at all, not, a little, well, and very
well). These entries are then shown in a graph displaying all
responses of the week. The second module allows the users to
review their weekly goals (created on the website) and make
adaptations to these goals (action planning). The option to
review potential problems and their solutions is offered in the
third module (barrier identification/problem solving). In the
fourth module, the users can perform quizzes on the benefits of
being more physically active or less sedentary (providing
infor mation on the consequences of behavior). Finaly, the users
can collect points by visiting the website, completing quizzes,
and monitoring their behavior. By collecting these points, they
could earn the victory cups implemented in the mobile app.
This gamification element was added to increase engagement
with the mobile app.

M easurements

Participant Characteristics

An ad hoc questionnaire assessed age, sex, height, civil status,
level of education, and time since diagnosis (only for the
participants with T2DM). The participants who completed
college or university were considered highly educated.

The participants' weight and waist circumference were assessed
using a Seca weighting scale (type 813) and a Seca measuring
tape. Waist circumference was measured at the lowest rib margin
and the iliac crest at the midaxillary line. During each testing
wave, the participants’ weight and waist circumference were

https://www.jmir.org/2019/8/€13363/

measured twice. In case the difference between the two
measurementswas >100 grams or >1 cm, the measurement was
performed a third time. The mean of the measurements was
calculated as the final score.

Primary Outcomes

The long version of the international physical activity
guestionnaire (IPAQ) [35] (trandated into Dutch) assesses
self-reported PA of the past week in 4 domains (work, transport,
household, and leisure time) and provides indicators for
work-related PA, transport-related PA, household-related PA,
leisure-related PA, total PA, vigorous-intensity PA (VPA), and
MVPA per week. The IPAQ has good reliability (intraclass
range 0.46-0.96) and a fair-to-moderate criterion validity
(Spearman rho between .30 and .37) [35]. As the IPAQ
overestimates PA [36], the datawere truncated according to the
method described by Dubuy et al [37]. The LASA (Longitudinal
Aging Study Amsterdam) sedentary behavior questionnaire
[38], which has moderate reliability (intraclass=0.71) and
moderate validity (Spearman rho=.35), was used to assess usual
total sedentary time on weekdays. Data were truncated at a
maximum of 16 hours of sitting time a day [39]. Both
guestionnaires were conducted via an interview by the visiting
researcher.

ActiGraph accelerometers (type GT3X+), shown to bereliable
and valid [40-43], were used to assess the participants’ number
of breaks from sedentary time, average length of the sedentary
bouts, total sedentary time, number of steps, LPA, moderate
PA (MPA), VPA, MVPA, and total PA. The participants were
instructed to wear the accelerometer on the right hip during
waking hours but to remove it for water-based activities (eg,
showering). ActiLife 6.13.3 software (ActiGraph, Fort Walton
Beach, FL, USA) was used to initialize the accelerometers and
process the data. The epoch was set at 60 seconds and nonwear
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time was calculated as 260 min of consecutive O counts. The
participants accelerometer datawereincluded in the study when
they had at least 4 valid days including 1 weekend day (with
valid defined as =10 hours of wearing time) [44]. Using the cut
points described by Freedson et al [45], each minute of wear
time was categorized as sedentary (0-99 counts per min [CPM]),
LPA (100-1951 CPM), MPA (1952-5724 CPM), VPA
(5725-9498 CPM), or MVPA (21952 CPM). Total PA was
calculated by combining LPA and MVPA. A bout of sedentary
timewas considered aperiod of at least 10 consecutive min <99
counts with zero tolerance allowed. A break from a sedentary
bout was defined as a transition from <99 CPM to >99 CPM
between 2 sedentary bouts.

Secondary Outcomes

The participants HAPA-based persona determinants for
behavior change (ie, self-efficacy, risk perceptions, outcome
expectations, intention, action planning, coping planning, and
self-monitoring) were measured using multiple items with a
minimum of 3 items per determinant. To select these items, a
large number of items measuring HAPA determinants were
presented to 11 experts in the self-regulation framework. All
expertsindicated for each item whether or not it measured the
presented HAPA determinant and how certain they were of their
answer [46]. On the basis of their responses, a discriminant
content validity method was used [46] and the best scoring items
were selected. To assure comprehensibility of these items,
cognitive interviews were conducted with 4 adults (mean age
58.3, SD 6.5, 3 women, 2 having T2DM, and 2 with a college
degree or higher). On the basis of the results of theseinterviews,
the final items were selected and adapted. Each item was
assessed using 10 answer options ranging from completely
disagree to completely agree. For each personal determinant,
amean score (potential range 1-10) was cal cul ated.

Statistical Analysis

The data from both RCTs were analyzed separately using R
version 3.2.5 [47]. Nevertheless, the analyses were similar for
both the RCTs.

Group comparability at baseline between the two intervention
groups (PA intervention group and SB intervention group) and
the control group was investigated using a 1-way anaysis of
variance (for the quantitative variables) and chi-square tests (for
the qualitative variables). T tests and chi square tests were used
to perform the dropout analysis. Linear mixed models (2 levels:
repeated measures clustered within the participants) were
performed using the Imed-package [48] to investigate the
intention-to-treat effect of MyPlan 2.0 on levels of PA, SB, and
the personal determinants [49]. In contrast to the multivariate
analysis of variance, the linear mixed model can easily handle
missing data in repeated measures [50]. Furthermore, mixed
model swithout ad hoc imputation provide equal or more power
than mixed model swith ad hoc imputation [51]. In the protocol,
we stated that we would consider the participants’ choice of
target behavior (ie, PA or SB) as moderator. However, because
we were not able to recruit large enough samples, we decided
to perform the analyses on the behavioral outcomeswith agroup
variable (ie, the PA intervention group, the SB intervention
group, and the control group).

https://www.jmir.org/2019/8/€13363/
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All participants filled out one version of the HAPA-based
determinants (ie, the version focusing on PA or the version
focusing on SB). As described in the protocol, we planned to
account for this issue by considering the choice of target
behavior (ie, PA or SB) as moderator. However, considering
the small sample sizes, we decided to combine the PA
intervention group and the SB intervention group as one
intervention group for analyzing the effect on the personal
determinants. By doing so, we considered these outcome
variables as personal determinants regarding the chosen health
behavior rather than personal determinantsregarding increasing
PA or decreasing SB.

Owing to the low prevalence of accel erometer-based VPA (no
VPA at baseline was detected in 93% (50/54) of the samplein
RCT 1 and in 63% (40/63) of the sample in RCT 2),
self-reported VPA (no self-reported VPA at baseline was
detected in 80% (43/54) of the samplein RCT 1 and in 75%
(47/63) of the samplein RCT 2), and self-reported work-rel ated
PA (no self-reported work-related PA at baselinein 69% (37/54)
of the sample in RCT 1 and in 67% (42/63) of the sample in
RCT 2) in both samples, these specific outcome variables were
not analyzed.

Distribution of the dependent variableswasfirst checked using
Shapiro-Wilk tests. Normally distributed dependent variables
were analyzed using the Imer function of the Ime4-package
[48]. For non-normally distributed variables, we compared
models with different variance and link functions (ie, Gaussian
with identity, gamma with log, gamma with identity, Poisson
with log, and negative binomial with log) using the Bayesian
information criterion (BIC). For each dependent variable, we
selected the model providing the lowest BIC value. By exploring
the interaction between time and group (ie, intervention vs
contral), the effect of the intervention on the dependent variable
was assessed. The beta values for timexgroup reported in the
results section describe the difference between the change in
the intervention group and the change in the control group.
Consequently, these val ues represent the intervention effect for
each dependent variable. P values <.05 were considered
statistically significant, whereas P values between .05 and .10
were considered borderline significant.

Effect sizeswere cal culated for each of the dependent variables
in both samples [52]. As recommended by Morris [53], the
pooled pretest standard deviation was used to estimate the effect
Sizes.

Results

The results of the two RCTs are reported separately. The first
section will describe the results of the RCT with the sample
with T2DM (RCT 1), whereas the second section will describe
the results of the RCT with the sample aged =50 years (RCT
2).

Randomized Controlled Trial 1

Figure 4 showsthe flow of the participantswith T2DM. A total
of 58 participants agreed to participate in the study. Of this
sample, 18 participants were recruited viathe Ghent University
Hospital, 8 viathe Damian General Hospital, 24 viathe Flemish
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Diabetes Association, and 8 via previous studies. Aswe do not
know how many patients saw the advertisements, the response
rate could not be cal culated. Out of them, 4 participants dropped
out before compl eting the baseline measurements. Consequently,
the data of 54 participants were analyzed. Of the 14 participants
who dropped out before completing 4 sessions, only 3
participants (all belonging to the control group) were willing
to complete the questionnaire assessing specific reasons for
attrition. Among them, 1 participant indicated that he doubted
to participate at the beginning of the study and 2 participants
indicated that drastic changes in their life occurred while
participating. Finally, 1 participant indicated that the high
number of research-related questionnaires frustrated her.

The participants' baseline characteristics are provided in Table
1. At baseline, 32 participants decided to focus on PA (24 of
these participantswerelater all ocated to the intervention group)
and 22 participants chose to focus on SB (12 of these
participants were later allocated to the intervention group).
Consequently, the PA intervention group comprised 24
participants and the SB intervention group comprised 12
participants. No significant baseline differences in
sociodemographic characteristics were found among the PA
intervention group, the SB intervention group, and the control
group. Of the participants, 7 used the optional mobile app. The
dropout analysesindicated that the participants all ocated to the

intervention group (x?=4.35, P=.04) were more likely to

dropout. No significant differences between completers and
dropoutswerefound for age, sex, level of education, body mass

Figure4. Flow of the sample of randomized controlled trial 1.

Assessed for eligibility
N =58
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index (BMI), time since diagnosis, total PA at baseline
(accelerometer-measured), or sedentary time at baseline
(accelerometer-measured).

Table 2 displays the means and standard deviations for each of
the behavioral outcomes in the three groups. Table 3 provides
the time-by-group interactions and effect sizes for each of the
behavioral outcomes. A borderline significant intervention effect
favoring the PA intervention group was found for self-reported
total daily sitting time (P=.09) and accel erometer-assessed MPA
(P=.05) and MVPA (P=.049). A significant intervention effect
favoring the SB intervention group was found for
accelerometer-assessed daily breaks from sedentary time
(P=.005). No intervention effects were found for self-reported
total transport-related PA, self-reported total household-related
PA, self-reported total leisure-related PA, self-reported total
PA, self-reported MV PA, accelerometer-assessed length of the
sedentary bouts, accelerometer-assessed sedentary time,
accelerometer-assessed LPA, accel erometer-assessed total PA,
or accel erometer-assessed daily steps.

Table 4 displaysthe time-by-group interactions and effect sizes
for the persona determinantsin RCT 1. Significant intervention
effects favoring the control group were found for self-efficacy
(P=.01) and risk perception (P=.03). A borderline significant
intervention effect favoring the intervention group was found
for action planning (P=.08). Finally, a significant time*group
interaction effect favoring the intervention group was found for
self-monitoring (P=.008). No intervention effects were found
for outcome expectancies, coping planning, or intention.
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Table 1. Baseline characteristics of the sample of randomized controlled trial 1.

Baseline characteristics Total sample (N=54) CG?(n=18)  IGP-PA®(n=24) 1G-SBY(n=12) Forx?(df) Pvalue
Age (years), mean (SD) 62.67 (8.40) 64.89 (8.62) 62.91 (7.16) 58.92 (9.52) 1.90°(2,49) -16
Males, n (%) 34 (63) 9 (50) 17 (711) 8(67) 2.01f @ 37
University/college education, n (%) 29 (54) 12 (67) 10 (42) 7 (58) 1.85f ) 40
Body mass index (kg/m?), mean (SD) 30.84 (5.66) 30.51 (6.86) 30.86 (5.35) 31.25 (4.73) 0.06° (2, 48) .94
Waist circumference (cm), mean (SD) 109.23 (14.08) 108.14 (18.38)  109.16 (11.09) 110.99(13.06) (14® (2,51) .87
Time since diagnosis (months), mean (SD) 129.78 (83.09) 157.69 (67.08)  100.18 (87.25) 146.83(82.94) o 73¢ (2,47) .08
8CG: control group.
B1G: intervention group.
®PA: physical activity.
dsB: sedentary behavior.
F value.
f)(2 value.
Table 2. Means and standard deviations for each of the behavioral outcomes in the three groups in randomized controlled trial 1.
Behavioral outcomes CG? mean (SD) IGP—PAC, mean (SD) 1G-SBY, mean (SD)
Pre Post Pre Post Pre Post
LASA® questionnaire
Total sitting time (min/day) 553.06 (174.05) 567.94(211.84) 592.83(232.52) 470.38(185.23) 599.17(133.58) 579.44(188.84)
IPAQ
Total transport-related PA (min/day) 18.02 (24.61)  31.30(36.60)  13.90(25.70) 29.34(24.61) 3554(35.30) 26.50(23.16)
Total household-related PA 4528 (71.89)  46.89(62.34) 63.33(71.60) 62.96(56.18) 44.17(78.15)  67.29(92.89)
(min/day)
Total leisure-related PA (min/day) 16.35(18.76)  38.45(59.88)  19.08(25.59)  30.61(41.58) 38.63(46.27)  49.86 (74.39)
Total PA (min/day) 86.07 (70.54)  124.50(96.02) 113.81(90.52) 143.83(91.48) 137.98(99.89) 150.07(100.48)
Moderate-to-vigorousphysical activ-  17.86 (24.37)  61.98(75.83)  53.19(72.03)  48.67 (41.35)  47.26(67.18)  63.57 (76.93)
ity (min/day)
Accelerometer
Number of breaks per day 16.63 (2.25) 15.65 (2.87) 15.51 (3.08) 14.64 (2.39) 16.88 (1.69) 17.50 (1.45)
Length of sedentary bouts (min/day) 22.90 (2.70) 23.46 (2.01) 22.34 (2.44) 22.82 (2.64) 22.80 (1.57) 23.22 (1.14)
Sedentary time (min/day) 54452 (56.24) 537.77 (81.01) 528.09(80.79) 498.09 (43.81) 551.39(56.66) 555.21 (44.39)
Light physical activity (min/day) ~ 239.34 (73.14) 231.51(76.84) 238.13(67.23) 244.46(71.05) 218.87(54.49) 215.69(37.91)
Moderate physical activity 23.14(12.93) 19.36(14.77)  17.02(15.70) = 25.50(15.77)  20.15(13.92)  19.13(14.06)
(min/day)
Moderate-to-vigorousphysical activ-  23.20 (12.92)  19.36 (14.77)  17.07(15.68)  25.50(15.77)  20.23(13.87)  19.38(13.81)
ity (min/day)
Total PA 262.54 (78.58) 267.17 (83.11) 255.19(69.00) 269.95(78.24) 239.10(48.83) 235.07 (33.89)
Daily steps 6203.10 6292.05 5364.39 6549.71 6083.88 6001.03
(2284.41) (2480.44) (2219.28) (2313.67) (1343.30) (1107.26)

8CG: control group.

B1G: intervention group.

®PA: physical activity.

dsp: sedentary behavior.

€L ASA: Longitudinal Aging Study Amsterdam.
fIPAQ: international physical activity questionnaire.
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Table 3. Time-by-group interactions and effect sizes for each of the behavioral outcomesin randomized controlled trial 1.

Behavioral outcomes Timexgroup PA% (ref:  ES®(IG"-PA vsCG)  Timexgroup SBE (ref: ~ ES(IG-SBvsCG)
prexCGP), beta (SE) prexCG), beta (SE)

LASAf questionnaire

Total sitting time (min/day)? -102.50 (59.32)" -0.65 -4.61 (66.59) -0.22
IPAQ'
Total transport-related PA (min/day)j 0.19(0.92) 0.09 -0.85 (1.05) -0.76
Total household-related PA (min/day)! ~0.04 (0.96) -0.03 0.39(1.10) 0.29
Total leisure-related PA (min/day) -0.38 (0.99) -0.46 ~0.60 (1.13) -0.33
Total PA (min/day)’ -0.14 (0.52) 023 -0.29 (0.60) -031
M oderate_to—vi gorous physical activity -1.33(0.85) -0.85 -0.95 (0.97) -0.60
(min/day)’
Accelerometer
Number of breaks per datyk 0.28(0.63) 0.04 1.93 (0.69)I 0.77
Length of sedentary bouts (min/day)® ~0.50 (0.59) -0.03 ~0.46 (0.62) -0.06
Sedentary time (mir/day)X -19.71 (23.92) -0.32 19.91 (25.00) 0.19
Light physical activity (mir/day)? 7.02 (14.70) 0.20 -5.07 (14.94) 0.07
Moderate physical activity (min/day)’ 0.37 (0.19)" 0.86 0.02 (0.92) 0.21
M oderate_to—vi gorous physical activity 0.37 (0.19)™ 0.84 0.06 (0.19) 0.39
(min/day)’
Total PAY 11.09 (15.47) 0.002 -4.54 (15.73) -0.13
Daily steps? 499.46 (543.12) 0.49 -302.11 (555.83) -0.09

3PA: physical activity.

bCG: control group.

CES: effect size.

4G: intervention group.

€SB: sedentary group.

fLasA: Longitudinal Aging Study Amsterdam.
9Gaussian (identity).

hp< 10.

iIPAQ: international physical activity questionnaire.
J'Garnma(log).

kGamma(identity).

'p<.01.

MP<.05.
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Table 4. Time-by-group interactions and effect sizes for the personal determinants in randomized controlled trial 1.

Personal determinants CG2 mean (SD) IGP, mean (SD) Timexgroup (ref:  pgt
prexCG), beta (SE)
Pre Post Pre Post
Sdlf-efficacy® 5.68 (1.98) 6.88 (1.22) 6.35 (1.81) 7.23(1.61) ~1.24(0.48)° -0.17
Outcome expectancies? 7.03 (1.52) 8.01 (1.10) 7.62(1.63) 8.04 (0.96) -0.09 (0.42) -0.35
Risk perception’ 4.46 (1.81) 5.10 (1.72) 5.16 (2.19) 4.74 (92.05) ~1.17 (0.53)° -0.51
Action planning’ 5.41 (1.99) 5.29 (2.21) 5.19 (2.32) 6.09 (2.05) 1.18 (0.65) 0.46
Coping planning® 3.52(2.43) 469 (2.22) 3.95 (2.66) 5.77 (2.32) 0.79 (0.54) 0.25
Intention' 6.87 (2.83) 7.88 (1.26) 7.82 (2.11) 8.06 (1.81) -0.87(0.76) -0.32
Monitoring” 4.65 (3.21) 4.84(2.98) 3.46 (2.61) 5.17 (2.41) 0.47 (0.18) 054

3CG: control group.
B1G: intervention group.
CES: effect size.
dGamma (identity).
€pP<.05.

fGaussian (identity).
9p<.10.

hGamma(log).

iP<.0L.

Randomized Controlled Trial 2

Figure 5 shows the flow of the participants. A total of 65
participants agreed to participate in the study. As we do not
know how many people saw the advertisements, the response
rate could not be calculated. Of them, 2 participants dropped
out before completing the baseline measurements. Consequently,
the data of 63 participants were analyzed. Of the 8 participants

Figure5. Flow of the sample of randomized controlled tria 2.

Assessed for eligibility
N =865

who dropped out before completing 4 sessions, only 1 was
willing to complete the questionnaire ng specific reasons
for attrition. The participant indicated that MyPlan 2.0 did not
meet her expectations and that her friends or family did not
respond positively to her participation in the study. Furthermore,
she indicated that the high number of research-related
guestionnaires frustrated her.
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The baseline characteristics of the participants are provided in
Table 5. At baseline, 46 participants decided to focus on PA
(28 of these participants were later allocated to the PA
intervention group) and 17 participants chose to focus on SB
(14 of these participants were later alocated to the SB
intervention group). Consequently, the PA intervention group
comprised 28 participants and the SB intervention group
comprised 14 participants. No significant baseline differences
in sociodemographic characteristics were found among the PA
intervention group, the SB intervention group, and the control
group. Of the participants, 5 used the optional mobile app. The
dropout analyses indicated that the participants with a lower

level of education (ie, no college or university degree) (x%,=3.2;

P=.07) and those allocated to the intervention group (x21:3.0;
P=.08) were more likely to drop out. No significant dropout
effects were found for age, sex, BMI, total PA at baseline
(accelerometer-measured), or sedentary time at basdine
(accelerometer-measured).

Table 6 displays the means and standard deviations for each of
the behavioral outcomes in the three groups. Table 7 provides
the time-by-group interactions and effect sizes for each of the
behavioral outcomes. A significant intervention effect favoring

Poppe et a

the PA intervention group was identified for self-reported total
PA (P=.003). Borderline significant intervention effects favoring
the SB intervention group were found for self-reported daily
sitting (P=.08), MPA (P=.06), and MVPA (P=.07). No
intervention effects were detected for the outcome variables
self-reported total transport-related PA, self-reported total
household-related PA, self-reported total leisure-related PA,
accelerometer-assessed MV PA, accel erometer-assessed number
of breaks per day, accel erometer-assessed length of the sedentary
bouts, accelerometer-assessed sedentary time,
accelerometer-assessed LPA, accel erometer-assessed total PA,
or accel erometer-assessed daily steps.

Table 8 displaysthe time-by-group interactions and effect sizes
for the personal determinants in RCT 2. As described above,
the PA intervention group and the SB intervention group were
considered as one group to analyze the effect on the personal
determinants. For coping planning, a significant intervention
effect favoring the intervention group was found (P<.001).
Furthermore, borderline significant intervention effectsfavoring
the intervention group were found for intention (P=.07),
self-efficacy (P=.05), and monitoring (P=.09). No intervention
effect was found for outcome expectancies, risk perception, or
action planning.

Table5. Baseline characteristics of the sample of randomized controlled trial 2.

Baseline characteristics Total sample (N=63) CG?(n=21) IGP-PA® (n=28) 1G-SBY(n=14) Fory?(df) Pvaue
Age (years), mean (SD) 58.68 (7.76) 57.67(7.18)  59.00 (7.98) 59.57(855)  (029°(260) 75
Males, n (%) 16 (25) 6 (29) 4(14) 6(43) 419 2 12
University/college, n (%) 38 (60.32) 13 (62) 14 (50) 11 (79) 3.20f ) .20
Body mass index (kg/m2), mean (SD) 25.91 (3.86) 2529(4.07)  26.14(3.94) 26.34(355)  40°(258) 68
Waist circumference (cm), mean (SD) 89.08 (12.89) 89.03 (14.69) 89.26 (11.22) 91.51 (13.93) 0.48° (2,58) .62

8CG: control group.
B1G: intervention group.
°PA: physical activity.
dsB: sedentary behavior.
F value.

f)(2 value.
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Table 6. Means and standard deviations for each of the behavioral outcomesin the three groups in randomized controlled trial 2.

Poppe et a

Behavioral outcomes CG? mean (SD) IGP—PAC, mean (SD) 1G—SBY, mean (SD)
Pre Post Pre Post Pre Post

LASA® questionnaire
Total sitting time (min/day) 414.21(187.08) 42152(189.29) 378.39(182.25) 335.25(167.12) 615.00(19546) 549.69 (175.37)

1PAQ'
Total transport-related PA (min/day) 1330 (15.29)  11.29(12.93) 16.17(3533) 17.8(1332)  28.98(40.10)  12.40(15.49)
Total household-related PA 3801(4171) 5888(7027) 35.08(36.66) 75.00(7841) 4240 (5165  50.56 (37.63)
(min/day)
Total leisure-related PA (min/day) 45.99 (68.62)  39.08(39.40) 1024 (27.66) 28.04(3L95) 26.58(3L16)  36.33(37.84)
Total PA (min/day) 13457 (96.05) 117.55(86.04) 109.39(107.99) 168.93(99.52) 98.42(94.30)  104.18 (48.76)
Moderate-to-vigorousphysical activ-  65.20 (73.66)  64.25(75.19)  63.88(81.80) 106.39(78.42) 36.12(39.59)  60.61(38.70)
ity (min/day)

Accelerometer
Number of breaks per day 1361(360)  1281(327)  1301(219)  1202(243)  1502(222)  14.10(2.76)
Length of sedentary bouts (min/day) 20.78 (250)  20.60(3.02)  20.77(208)  2042(250)  2219(219) 2195 (2.66)
Sedentary time (min/day) 482.41 (76.11) 460.11(75.94) 47252 (65.42) 450.00 (64.09) 512.94(50.07) 486.94 (73.86)
Light physical activity (min/day) ~ 306.08 (89.43) 316.74 (7481) 337.39(80.84) 34874 (8L03) 262.25(53.62) 270.39 (61.93)
Moderate physical activity 29.13(21.70) 22.70(1456) 24.35(11.37) 17.14(1040) 26.26(2129)  28.27 (17.09)
(min/day)
Moderate-to-vigorousphysical activ-  29.33 (22.07) 2351 (14.75)  24.96(12.26)  17.23(1053)  28.96(2340)  30.94 (17.62)
ity (min/day)
Total PA (min/day) 33541 (91.72) 340.25(738l) 362.36(82.76) 365.98(87.64) 291.20(66.53) 30133 (73.21)
Daily steps 7929.68 7779.78 8271.67 7663.54 7809.16 8479.68

(2976.07) (2147.86) (2464.25) (2797.72) (3231.18) (3343.09)

8CG: control group.
B1G: intervention group.
®PA: physical activity.
dsp: sedentary behavior.
€L ASA: Longitudinal Aging Study Amsterdam.

fi PAQ: international physical activity questionnaire.
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Table 7. Time-by-group interactions and effect sizes for each of the behavioral outcomesin randomized controlled trial 2.

Behavioral outcomes Timexgroup PA? (ref: ESC(IGY-PA vsCG)  Timexgroup SBE (ref: ~ ES(IG-SBvsCG)

prexCGP), beta (SE) prexCG), beta (SE)

LASAf questionnaire

Total sitting time (min/day)® -0.06 (0.07) -0.27 -0.14(0.08)" -0.37
International physical activity questionnaire
Total transport-related PA (min/day)? 0.26 (0.77) 0.13 -0.69 (0.88) -0.43
Total household-related PA (min/day)? ~ 0-32(0.65) 0.49 -0.26 (0.75) -0.26
Total leisure-related PA (min/day)? 0.54(0.76) 0.32 0.48 (0.87) 0.35
Total PA (min/day)' 73.85 (25.80) 0.74 22.79 (28.92) 0.24
Moderate-to-vigorous physical activity 0.52 (0.66) 0.55 0.53 (0.76) 0.48
(min/day)?
Accelerometer
Number of breaks per dayi -0.30 (0.63) -0.07 -0.36 (0.71) -0.04
Length of sedentary bouts (min/day)i -0.12 (0.59) -0.08 -0.11 (0.66) -0.03
Sedentary time (min/day)i -4.76 (16.97) -0.002 -8.90 (19.08) -0.06
Light physical activity (min/day) 2.12 (12.79) 0.008 0.70 (14.29) -0.04
Moderate physical activity (min/day)< 2.36 (2.76) -0.05 7.85 (4.17)" 0.40
Moderate-to-vigorous physical activity 1.64 (2.78) -0.11 750 ( 4.21)h 0.34
(min/day)¥
Total PA (min/day)’ 1.71 (14.43) -0.02 7.23(16.14) 0.07
Daily Stepsi -91.16 (553.35) -0.17 763.22 (619.53) 0.26

3PA: physical activity.
bCG: control group.
CES: effect size.

4G: intervention group.
€SB: sedentary group.
fLASA:Longitudi nal Aging Study Amsterdam.
9Gamma (log).

hp< 10.

iGaussian (identity).
Ip<01.
kGamma(identity).
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Table 8. Time-by-group interactions and effect sizes for the personal determinants in randomized controlled trial 2.

Personal determinants CG2 mean (SD) IGP, mean (SD) Timexgroup (ref:  pgt
prexCG), beta (SE)
Pre Post Pre Post
Salf-efficacy® 5.84 (2.67) 5.66 (2.08) 6.13 (1.82) 6.71 (1.71) 0.76 (0.39)° 0.37
Outcome expectancies? 7.27(1.32) 7.32 (1.59) 7.31(1.42) 7.30(1.22) 0.30(0.27) -0.04
Risk perception’ 2.64(1.82) 2.57 (1.84) 3.79 (2.09) 3.83(2.30) -0.07 (0.08) 0.05
Action planning® 5.49 (2.27) 5.40 (2.29) 5.63 (2.24) 5.25 (2.16) 0.05 (0.65) -0.13
Coping planning® 3.84 (2.69) 3.32(1.79) 3.32(2.30) 5.65 (2.04) 2,59 (0.50)° 119
Intention? 7.19 (2.11) 6.81 (2.57) 7.83(1.88) 7.78 (1.70) 0.93 (0.51)° 0.17
Monitoring® 2.46 (2.40) 2.16 (1.69) 2.65(1.77) 3.60 (2.36) 0.57 (0.34)° 0.65

&CG: control group.
B1G: intervention group.
CES: effect size.
dGamma (identity).
P<.10.

fGamma(log).
9P<.001.

Discussion

Efficacy of MyPlan 2.0

This study investigated the effect of a self-regulation—based
eHealth and mHealth intervention (MyPlan 2.0) targeting an
active lifestylein two samples: adultshaving T2DM and adults
aged =50 years. The study comprised two RCTs with an
identical design. Although the pattern of results was overall in
line with our hypotheses, the analyses revealed that the
intervention only altered some of the outcomes. Indeed, this
effect might be because of alack of statistical power caused by
the small samplesin both the trials. The RCTs described here
should, therefore, be considered pilot RCTs providing
preliminary information regarding the potential effect of a
HAPA-based eHealth and mHealth intervention in adults with
T2DM and in adults aged =50 years.

The HAPA describes a number of personal determinants
influencing the behavior change process. MyPlan 2.0 affected
various of these determinants. In RCT 1, an intervention effect
infavor of theintervention group wasfound for action planning
(borderline) and self-monitoring, but significant intervention
effects favoring the control group were detected for risk
perceptions and self-efficacy. Inthe RCT 2, intervention effects
favoring the intervention group were detected for self-efficacy
(borderline), intention (borderline), coping planning, and
self-monitoring (borderline).

Some of these findings require additiona attention. First,
although targeted in the intervention, no intervention effect was
found for outcome expectancies. Thisfinding might be explained
by aceiling effect caused by the high level s of positive outcome
expectancies at baseline in both RCTs. Indeed, our qualitative
studies indicated that the users often have an extensive
knowledge of the benefits of adopting an active way of living

https://www.jmir.org/2019/8/€13363/

[29,30]. Second, although MyPlan 2.0 does not provide the
users with a pedometer or wearable automatically tracking the
users behavior change, both RCTs identified intervention
effects favoring the intervention group for monitoring. Avery
et al found a negative effect of pedometer use on PA in people
with T2DM and older adults, indicating that without additional
support, these populations found it difficult to effectively reflect
on the information provided by this self-monitoring tool [54].
Our results indicate that prompting the users to monitor their
change and reviewing this change in thefollowing session might
be a feasible alternative to target self-monitoring in these
samples. Third, thelack of effect for action planning inthe RCT
with adults aged >50 years was unexpected, asthis determinant
was targeted in each session. Sniehotta et al argued that action
planning might play an important role for individual s who just
started to put their intentions into actions, whereas coping
planning would support individuals who moved further in the
behavior change process to maintain their change under
challenging conditions [55]. As the baseline levels of PA and
SB of the RCT with the sample aged =50 years are quite close
to the health norms [5], it is possible that this group already
knew how to plan their actions and consequently, did not benefit
from the action planning component. Similarly, considering the
low levels of PA and high levels of SB at baseline in the RCT
with adultswith T2DM, thelack of evidencefor coping planning
could be explained by the fact that this group was not yet ready
to optimally benefit from the coping planning component.

MyPlan 2.0 focused on altering the users’ level of PA or SB.
In RCT 1, borderline significant intervention effects favoring
the PA intervention group were found for self-reported daily
sitting and accelerometer-assessed MPA and MVPA. This is
an important result as a previous study by Silfee et al, testing a
self-regulation—based intervention targeting PA in adults with
T2DM, did not show behavioral effects despite the positive
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effect on personal determinants for change (including
self-monitoring) [56]. In RCT 2, an intervention effect favoring
the PA intervention group was found for self-reported total PA.
This effect is in line with the previous research with MyPlan
1.0 in recently retired older adults [57]. The lack of evidence
for intervention effects on self-reported domain-specific PA in
both RCTsisin line with our hypotheses and can be explained
by the fact that MyPlan 2.0 allows the users to select each
session a different PA-domain that is at that moment most
relevant to them rather than imposing a specific domain.

In RCT 1, an intervention effect favoring the SB intervention
group was found for accel erometer-assessed daily breaks from
sedentary time. To our knowledge, MyPlan 2.0 is the first
eHealth and mHealth intervention targeting sedentary behavior
in adults with type 2 diabetes. Considering the health effects of
breaking up periods of prolonged sitting in adults with T2DM
[58], this result warrants further research regarding eHealth
interventions targeting sedentary behavior in adults with type
2 diabetes. In RCT 2, an intervention effect favoring the SB
intervention group was detected for self-reported daily sitting
time (borderling). This finding is in line with the research by
Stephenson et al, indicating that technology enhanced
interventions are able to reduce sedentary behavior [59].
Although it isassumed that sedentary behavior will be replaced
by LPA rather than MVPA [60], intervention effects favoring
the SB intervention group were found for MPA (borderling)
and MVPA. Similarly, Gardiner et al found that their
intervention to reduce and break up sedentary time in older
adults resulted in changes in sedentary time, breaks from
sedentary time, LPA, and MVPA [61].

Overdll, the lack of intervention effects reaching statistical
significance could be interpreted as disappointing. However,
one hasto keep in mind the following issues that may have led
to an underestimation of our effects. First, in keeping with the
self-regulation literature, MyPlan 2.0 motivated the usersto set
and pursue their own goals. Conseguently, the set goals could
differ strongly between as well as within the participants (ie,
each session the participants could select a different goal) on 4
aspects. chosen behavior (eg, MVPA vs LPA), ambitiousness
(eg, reaching 500 vs 5000 additional steps), setting (eg, leisure
time vs transport), and time frame (eg, every day of the week
vs in the weekend). This might have lowered the chance of
finding an effect. However, this approach was believed to be
better and more sustainable. It would lead to more success
experiences and a greater willingness to continue with the
process of behavioral change. From a methodological point of
view, we may, therefore, recommend targeting one type of
behavior (eg, decreasing sitting time) that can be performed in
awide variety of settings. Thisapproach will allow (1) the users
to create personal goals (ie, create a sense of goal ownership)
and (2) the researchers to select the most appropriate
measurement methods to detect alterations in the targeted
behavior. Second, as accelerometers are not able to capture
posture, these devices tend to have problems to distinguish
between sedentary time and light-intensity PA [62]. This could
imply that some of the accelerometer-assessed breaks do not
automatically reflect posture change from sitting to standing.
Furthermore, previous research aready indicated that the
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agreement between self-reported and objective measurements
of PA islimited [63]. Indeed, instead of creating a hierarchy of
preferred measures, objective and self-report measures should
be considered distinct rather than interchangeable [64]. Finally,
our limited power caused by the small samples might have
hindered a number of effects to reach statistical significance.

Attrition Levelsin MyPlan 2.0

Web-based interventions are characterized by high levels of
attrition [65]. More than 70% of MyPlan 1.0 users did not
complete the intervention [66,67]. In RCT 1, 36% (13/36) of
the participants receiving MyPlan 2.0 did not complete the
intervention. In RCT 2, this was 19% (8/42). These massive
reductions in attrition might be explained by the iterative
adaptations that were made to the program to increase
engagement and by the fact that the participants were phoned
on aweekly basis. However, in both RCTs, we found that the
participants receiving the intervention were still more likely to
quit compared with those in the control group. Furthermore, in
RCT 2, we found that dropout was higher in users with alower
level of education. These findings were disappointing as we,
being aware of this issue, purposefully conducted a series of
studies to adapt the intervention's content to this target
population [29,30,32]. Yardley et al argueto make adistinction
between the micro (engagement with intervention itself) and
macro (engagement with the behavior change process to reach
the set goals) level of engagement to create effective engagement
(ie, sufficient engagement with the intervention to reach the
desired outcomes [68]) rather than simply more engagement.
This idea is in line with the hypothesis of Eysenbach stating
that the users need to experience the added value of using the
Web-based intervention to prevent attrition [65]. Consequently,
not only investigating whether the users like the program itself
but also identifying how they put the learned techniques into
practice and which variables (eg, level of education) moderate
this process might be afruitful avenueto (1) decrease the level
of attrition and (2) increase the effectiveness of Web-based
interventionsin the future.

Strengths and Limitations of the Study

This study has several strengths. First, several studies have
assessed the effect of internet-based interventions on SB in the
general population [12,59]. To our knowledge, thisis the first
study testing a Web-based intervention targeting SB in adults
with T2DM. Second, by also assessing the HAPA-based
determinants for change, we were able to check whether the
implemented behavior change techniques effectively altered
the users’ persona determinants for change. Finally, by using
self-report as well as objective measurements, a more nuanced
view of the effects was presented. However, it should be
acknowledged that the self-report and objective measures did
not represent the same time frame.

There are a so anumber of limitations. First, no power analysis
was conducted for RCT 2. Second, the small sample sizesmade
it difficult to detect statistically significant effects. Third, a
waiting-list rather than a placebo control group was created.
Consequently, we are not certain whether the detected
intervention effects were actually caused by the active
ingredients of the intervention. Furthermore, informing a
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participant that he or she is allocated to a waiting-list control
group might have influenced his/her behavior (eg, participants
of the control group might have felt reluctant to alter their
behavior asthey knew they would receive support | ater). Indeed,
previous research has shown that trials using a waiting-list
control condition might overestimate treatment effects [69].
Fourth, to analyze the effect of MyPlan 2.0 on the HAPA-based
personal determinants, no distinction was made between the
two intervention groups (ie, they were combined into one group).
Consequently, it was not possible to investigate whether the
intervention effects for the personal determinants altered
according to the chosen behavior. Fifth, the userswere contacted
each week to assess potential negative effects (eg,
hypoglycemia). Furthermore, the userswho forgot to log in for
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thefollowing session were contacted by the researcher toinform
them about the awaiting session. These phone calls might have
motivated the participants to stay in the study and to complete
theintervention. Consequently, the detected attrition rates might
be an underestimation of the actual attrition rates of the program.
Finally, the effects reported here reflect short-term changes.
However, a third wave of data collection a 10 months post
baseline will be performed.

Conclusions

To conclude, this study suggests that a self-regulation—based
Web-based intervention has the potentia to alter levels of PA
and SB in adults with T2DM and in adults aged =50 years.
However, further research with larger samples is needed to
confirm the consistency of these findings.
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BMI: body massindex

CG: control group

CPM: counts per minute

ES: effect size

| G: intervention group

I PAQ: international physical activity questionnaire
LASA: Longitudinal Aging Study Amsterdam
LPA: light physical activity

M PA: moderate physical activity

MV PA: moderate-to-vigorous physical activity
PA: physical activity

RCT: randomized controlled trial

SB: sedentary behavior

T2DM: type 2 diabetes mellitus

VPA: vigorous-intensity physical activity
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Abstract

Background: Psychosis, including schizophrenia, is the most common severe mental illness affecting 1% of the population
worldwide. A large number of people providelong-term support and carefor arelative with psychosis. Although psychoeducational
interventions, especially those delivered through a face-to-face group format, have an established evidence base for improving
the caregiving experience, well-being, and health outcomes, large-scale implementation and access remain limited. There is a
demand for such provision to be made through the internet for greater flexibility and wider access.

Objective: Thisstudy aimed to integrate participatory research methodol ogies by the public, patients, and carersinto the eHealth
(electronic health) intervention design and build process to improve the product’s usability and acceptability.

Methods: We adapted a structured eHealth intervention build method to include participatory research activitiesinvolving key
stakeholders and end users to co-design and coproduce our intervention. An expert advisory group (EAG) comprising public
involvement members led the formative design and build work using an agile build process. Carers independent from the study
were consulted on the evolving drafts of the intervention prototype through focus group meetings. These results were fed back
into the intervention build work continuously to ensure end users' input inform every stage of the process.

Results:. An EAG comprising individuals with lived experience of psychosis, carers, health care professionals, researchers,
voluntary organization workers, and el earning experts (n=14) was established. A total of 4 coproduction workshops were held
over 1 year during which the alphaand beta prototypeswere designed and built through the participatory research work. Alongside
this, 2 rounds of focus group study with carers (n=24, in 4 groups) were conducted to seek consultation on end users' views and
ideas to optimize the intervention design and usability. Finally, the EAG carried out a Web-based walk-through exercise on the
intervention prototype and further refined it to make it ready for an online usability test. The final product contains multiple
sections providing information on psychosis and related caregiving topics and interactive discussion forums with experts and
peers for psychosocial support. It provides psychoeducation and psychosocial support for carers through the internet, promoting
flexible access and individualized choices of information and support.

Conclusions: The participatory research work led to the coproduction of a eHealth intervention called COPe-support (Carers
fOr People with Psychosis e-support). We believe the study methodology, results, and output have optimized the intervention
design and usahility, fitting the end users' needs and usage pattern. COPe-support is currently being tested for its effectiveness
in promoting carers’ health outcome through an online randomized controlled trial.
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Introduction

Family Caregiving

With ever-advancing health care technologies and growing
longevity worldwide, asignificant proportion of people provide
substantial and sustained help and support to friends or family
members suffering from a long-term illness [1]. In the United
Kingdom and the United States, nearly one-fourth of the adult
population identifies itself as a carer for aloved onewhoiisill,
disabled, or elderly [2,3]. Many of these carers support aloved
one affected by a severe and long-term mental illness such as
psychosis[4,5]. Family caregiving often covers a huge amount
of care and support ranging from emotional and psychosocial
support (eg, engaging their loved one in socia activities and
sharing ups and downs) to financial and practical support (eg,
provision of financial and practical help and monitoring of
health and treatment compliance). Compared with paid or
professional care workers, family carers aso have unique
advantages in knowing the individual’s strengths and interests
in addition to their needs. Most have a well-established
emotional bond and are committed to use all these preexisting
knowledge and relationships to support their loved onein their
recovery [6-8]. Caregiving imparts paramount emotional and
psychosocial benefits to the cared-for individuals such that
peoplein receipt of support from their family or social network
have better prognosis, fewer relapses, and higher quality of life
compared with those without such support [9-12]. Collectively,
caregiving by family members amountsto significant economic
savings to the wider society [4,9].

Conversely, it is well established that caring demands can
jeopardize carers  well-being [2,13,14]. For instance,
population-level research data repeatedly show that carers
experience higher levelsof distressand poorer well-being when
compared with age-matched counterparts in the general
population [10,15,16]. Indeed, distress in carers frequently
reachesclinical thresholds, and their psychiatric symptom scores
(eg, depression and anxiety) are found to be consistently
inversely associated with the amount of care they provide, that
is, carers’ mental health worsens with increasing demands on
caregiving [2,10,15]. Research evidence a so suggeststhat poor
well-being may hamper carers’ caregiving capacity. Carerswho
feel they are not supported and lack resources (eg, information
about the illness condition and related management issues) to
cope are less likely to engage in caring for their loved ones or
more likely to exhibit critical or hostile behavior toward the
cared-for individuals, albeit unintentionally [13,14,17]. This,
in turn, can impact negatively on both the carers and the
cared-for individuals, leading to a vicious cycle of poor health
and quality of life for al concerned.

https://www.jmir.org/2019/8/e14374/

Psychosocial I nterventions Targeting Carers

Consequently, abody of research has been undertaken to explore
interventions, which can best support carers[14,18,19]. Among
arange of psychosocial interventions targeting whole families
and/or carers alongside the individua treatment regime,
psychoeducation (ie, information giving on theillness condition
and related caregiving and problem-solving strategies) has the
strongest evidence basefor its effectivenessin enhancing carers
knowledge and coping with their caring roles[5,20]. Commonly
based on the stress-apprai sal-coping theory as applied in family
caregiving [14,21-23], it has been hypothesized that
psychoeducation, with education as its core feature and prime
aim, works directly to improve carers knowledge about
psychosis and related caregiving issues. Improved knowledge
about coping strategies and available resources can lead to a
more positive appraisal of their caregiving experiences and
carers’ perceived self-efficacy in coping with the demands
[14,24]. These, in turn, can trandate into a more supportive
home environment for all and better prognosis and reduced
relapsesin the cared-for individuals. In addition to information
and advice on psychosis and related caregiving strategies, carers
also identify that sharing mutual support and learning with other
carers (ie, peers) as particularly useful in reducing their sense
of isolation [18,20]. Consequently, psychoeducational
interventions, especially those delivered in a group format, as
adiscrete treatment on their own or augmenting other treatments
(eg, family intervention or mutual support programs) arewidely
recommended and practiced around the world [14,18,20].

Carer-Specific eHealth Interventions

Carers have expressed their desire for interventions to support
them to be delivered to them through a digital medium to fit
with their caregiving and other commitments [25-27]. The
internet offers the potential to deliver interventions, which are
highly flexible, accessible, and yet adaptable to individualized
needs and schedule. With the popularity of eHealth (electronic
health; ie, health care practice delivered through the internet)
and mobile Hedlth (ie, through the mobile network) interventions
targeting a wide range of common public mental health issues
(eg, insomnia and stress management) growing fast,
internet-based interventions targeting carers have gathered
momentum and popularity in the recent decade [11,19,28].
eHealth interventions using an enriched online environment can
integrate multiple components, especially educational and
therapeutic information and network support with health care
professionals and peers, and deliver such provisionsto acritical
mass of carers [11,29]. Carers, as the end users, particularly
appreciate the autonomy that eHealth interventions offer, as
they can decide which components or strategies resonate with
them, how much time to spend accessing the intervention, and
when to do so [28,30]. Systematic reviews on interventions
targeting carers identify that eHealth interventions are
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particularly widespread in the field of dementia, stroke, or
cardiovascular diseases. More importantly, research evidence
to date shows promising effectiveness results in improving
carers’ heath outcomes [11,31]. Furthermore, these reviews
suggest that effective Web-based interventions commonly have
3 essential ingredients. These include (1) multiple components
such as information and well-being promotion strategies
(including mindfulness and cognitive behavioral—oriented
exercises), (2) psychoeducational content to enhance
understanding of the illness condition and related caregiving
issues, and (3) flexibility to self-pace and self-tailor the
intervention to individual needs[11,19,31].

Carersfor People With Psychosis

Notwithstanding the evidence base for eHealth interventions
targeting carers and their expressed desire for such provision,
development in thefield of psychosis appearsto belagging with
few empirical studies documented to date. Of these studies, 2
were conducted in the United States nearly a decade ago.
Rotondi et a developed and evaluated an online
psychoeducational intervention with apeer forumfor individuals
with schizophrenia and their carers [32], and Glynn et a
developed an online multifamily group program for carers of
people with schizophrenia providing synchronous and
asynchronous group sessions [33]. More recently, 1 study was
conducted in the United Kingdom, trialing a fully Web-based
psychoeducation and peer-support intervention for siblings of
individuals who developed first episode psychosis (The E
Sibling Project) [34]. A further psychoeducational intervention
using an enriched online environment was devel oped and tested
for acceptability in Hong Kong, China, targeting carers of people
with psychosis[35]. All these interventions were highly valued
by the carers, albeit in either apilot trial or usability study with
a relatively small sample size (n=21, 26, 20, and 81,
respectively) [32-35]. No further definitive studies on any of
the aforementioned or other eHealth interventions targeting
carers for those with psychosis are available to date (of note, a
peer-facilitated online educational intervention study conducted
in the United Kingdom is yet to be published [36]).

Coproduction of eHealth Interventions

As eHealth interventions are for autonomous use by the end
users, development methodologies commonly integrate users
into the process. In the agile methodology commonly used in
constructing software, iterative work sequences of technological
expert-ded sprints of developing and delivering working
software are based on a brief commissioned by the clients.
Through the cycles of set sprints, the developing software is
shown to the clients or consumers for feedback, which is used
to tune and adjust the software until its completion [37,38].
Although the agile method has been commonplace in the
software development field since the 1970s, more recently, the
use of participative research methods, which involve key
stakeholders and end users at the core of the intervention
development process, rather than brokering out the build work
with acommission brief, have gained popularity [39-44].

Within mental health research, there is an established tradition
of service user-led and survivor-led research, with survivor
researchers consistently arguing that, for example, the closeness

https://www.jmir.org/2019/8/e14374/
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of the researcher to the enquiry increases the validity of study
findings [45]. Although such an approach might help ensure
that the build process responds closely to the experiences of
end users in this study, the literature on, specifically, carer-led
research in mental health is extremely limited and seemingly
absent inthefield of eHealth [46]. In contrast, thereisagrowing
literature documenting participatory design methodologies,
including, but not limited to, involving patients, carers, and the
public asend usersin the core of the research team and research
activities, to inform the design and devel opment of interventions
[29,41,47]. Contrary to conventional interventions delivered
through a face-to-face medium, where the intervention
development and delivery are often driven solely by the
professionals, consumers of eHealth interventions take on a
much more active role [48,49]. In most eHealth interventions,
including those that provide guided support from a professional
or health care provider, the end users take on responsibility in
initiating contact and engaging with the intervention, working
through the content, and undertaking self-reported outcome
measures online [19,39]. These make it paramount that the end
users are involved actively in designing the intervention, not
only to make sure the content meets their needs but also to
ensure that the way the intervention is delivered keeps them
engaged.

Overall, 2 recent systematic reviews on the topic have repeatedly
identified the use of participatory research methods in eHealth
intervention development asthe 1 key factor in determining the
acceptability and usability of most eHealth (especially electronic
mental health [e-mental health]) interventions [44,50]. Among
publicly funded health studies conducted in the United Kingdom,
thereisevidenceto suggest that involving patients and the public
in participatory research is positively linked to study success,
in terms of recruitment and retention rates [47,51]. It can be
argued that the significance of participatory research could only
be amplified when it is applied in the eHealth arena where the
end users assume much more direct control in using and
adhering to the interventions.

TheE-Support for Familiesand Friendsof Individuals
Affected by Psychosis Project

The E-support for Families and Friends of Individuals affected
by Psychosis (EFFIP) Project was set up to develop and evaluate
an eHedlth intervention for carers supporting a relative with
psychosis [52]. The overall EFFIP project lasts for 5 years
spanning across the theoretical development work to the
effectiveness evaluation of the end product onimproving carers
health outcomes based on the Medica Research Council
Complex Interventions Framework [53,54]. The design of the
overal project isillustrated in Figure 1, focusing on this study.

This study reports the intervention building/modeling phase of
the overall EFFIP project (see Figure 1) [53]. Beforethis phase,
we conducted 3 studies in the theoretical development phase.
These included 2 systematic reviews and a focus group study
exploring research evidence and individual swith psychosisand
carers' ideas and views for the optimal intervention design
including essential ingredients, contact hours, and facilitation
considerations ([14,19]; also JS et al, unpublished data, 2019).
In the build and modeling phase of the study, reported here, we
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aimed to integrate participatory research with end users
alongside core research team activitiesto coproduce an eHealth
intervention prototype to improveflexible accessto high-quality
psychoeducation and interactive support resources for carers
[55,56]. We as ateam decided to take this approach, rather than
having carers lead the study, in part because of resource
constraint and al so because we considered that it wasimportant
that arange of consumer voiceswereincluded acrossall design

Sineta

decisions. Specific objectives of this study were to apply
participatory methods with end usersinvolvement to design and
build theintervention, integrate iterative consultationswith end
users along the rapid prototyping work, report and consider the
appropriateness of a participatory approach to eHealth
intervention design, and test and refine the final draft of the
intervention to get it ready for the usability evaluation, which
isreported separately (JS et al, unpublished data, 2019).

Figure 1. Research methodologies used across the whole EFFIP project focusing on the intervention build and modeling phase. COPe-support: Carers
fOr People with Psychosis e-support; EAG: expert advisory group; EFFIP: E-support for Families and Friends of Individuals affected by Psychosis;

eHealth: electronic health.

1. Development Phase
2016
Theoretical development work to inform
the content and design of COPe-
support:
1.1 Systematic review 1
on psychoeducational interventions
1.2 Systematic review 2
on eHealth interventions targeting
Carers
1.3 Focus group study with carers
and patients

2. Modeling and Piloting Phase
2017 - 2018
2.1 Modeling
Coproduction to build COPe-support

EAG to draft architecture, mockup shell,
and fill shell with materials

4

Focus group study with carers (n=10in 2
groups) on first @ build

{

EAG to revise and integrate materials

|

Focus group study with carers (n=14 in 2
groups) on second a build

|

EAG to revise and integrate materials
further and to conduct walk-through
exercise on final a build.

2.2 Piloting
Usability and acceptance study on COPe-
sSupport prototype

- on & build with a think-aloud test, and

- on & build using a real-world remote test
Refinement work on the final draft of COPe-

3. Evaluation Phase
2018 - 2020
— & Evaluation study to establish the clinical
effectiveness of COPe-support on carers’
outcomes
3.1 Internal pilot trial
3.2 Full randomized controlled trial

support based on study results.

Methods

Design
The co-design and build process of the eHealth intervention

followed the UK National Institute for Health Research online
resource development cycle[57]. Thisbuild method was chosen

https://www.jmir.org/2019/8/e14374/

as we were to develop and deliver an eHealth intervention
through an existing platform, rather than developing software
or the platform ourselves [37,38]. There are 5 build steps
illustrated in Figure 2. These are asfollows: (1) draft architecture
and content, (2) mockup of shell, (3) fill shell with material, (4)
cross-inference and integrate materials, and (5) prepare for
piloting.
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Figure 2. eHealth intervention build process integrating various inputs. EAG: expert advisory group; eHealth: electronic health.

S
2017 2018
eHealth
intervention
development Build step 1 & 2 Build step 3 Build step 4 Build step 5
schedule - Draft architecture and —Fill shell with materials — Cross-inference — Prepare for usability
content and integrate materials test
- mockup of shell
EAG workshop 1 EAG workshop 2 EAG workshop 3 ]'-;‘\G WDrkslllxlq;I:i 4
Participatory - Devisedomainname - StartbuildonCanvas - Incorporate consultation Tmew Cfmshzc on
research input - Content menu - Prepare materials feedback info build work L 011)1 ]fiﬂ B-
- Draft wireframe - Link materials across u
e - Refinement work to
finalize & build

S

Consultation 1
with n=10 carers
on first a-build

End users input

Coproduction Workshops With an Expert Advisory
Group

The co-design and build work were directed by an expert
advisory group (EAG) comprising individuals and carers with
lived experience of psychosis and professionals working in
health, social, or voluntary sectors with the target population.
The EAG membership was devised to address the principles of
participatory research that value contributions from expertise
through experience, and that should never be underrepresented
within the bigger whole-team context [47,58]. We recruited
EAG members with diverse demographic characteristics and
varying degrees of ease and familiarity with digita
communications from various clinica and voluntary service
provider organizations across South East England. EAG
memberswere paid agoodwill payment for meeting attendance
and contributions and were also reimbursed for their travel
expenses according to the INVOLVE payment scheme, a UK
powerhouse that promotes patient, carers, and public
involvement (PPl) in research [59].

The EAG comprised 3 individuals with lived experience of
psychosis, 3 family members having different relationshipswith
a loved one affected by psychosis in the family (including a
cousin, a sister, and a daughter), 1 clinician who aso has
personal experience of family caregiving, and 1 voluntary
service lead. The EAG worked with the core research team
(comprising 2 clinical academics, 1 health services researcher,
2 elearning experts, and 1 administrator) to lead the build work.

Over the build phase lasting 12 months, 4 EAG workshops (1-4)
were held, equivalent to the sprint cycles used in the agile
approach. We used the coproduction in mental health
improvement work method to organize the workshops
[55,56,60]. This approach emphasizes and values the hidden
capacity and capability of end users, families, and significant
others. At each workshop, al members assumed equal
decision-making role, whereas we contributed with our
respective strengths and expertise [60,61]. These participatory

https://www.jmir.org/2019/8/e14374/

S

Consultation 2
with n=14 carers
on second a-build

design workshops (and follow-up work) were mapped to fit the
5-step devel opment process of eHealth products[57], and hence,
each had specific aims and expected output, progressing from
generating ideas and design to reviewing and refining product
from rapid prototyping cycles.

After each participatory design workshop, the knowledge and
ideas generated were tranglated to produce draft hand-sketched
plans and wireframes, mockups of Web pages, and source
materialsfor theintervention (eg, videos or textual information).
The mockups and output produced between workshopsand end
users feedback obtained from consultations (see below) were
then presented at the next workshop, enabling content and broad
design idesas to be critically discussed and reviewed and then
further developed. Toward the end of the co-design and build
work (build steps 4 and 5), the EAG undertook fina
development work before conducting a walk-through exercise
of the online beta-build of the intervention [62-64]. Final
revision and refinement work were undertaken in build step 5
to produce the intervention prototype (ie, the delta-build in
Figure 2) ready for the real-world usability test.

Iterative Consultations With Carers

Attheinterfacesof build steps 3 and 4, weincorporated 2 rounds
of iterative consultations with target end users [52]. For the
consultations, we recruited carerswho had no prior involvement
with the EFFIP project to a focus group meeting lasting up to
2 hours. During the first consultation, we showed the carersthe
offline first alpha-build of the intervention and asked for their
feedback on its design and likeability, the flow and readability
of the content, and invited them to preempt potential usability
issues and identify ways to promote end users engagement.
The second consultation followed asimilar format with another
set of carers, with an online second aphabuild of the
intervention, which had been further developed by the EAG.
The carers’ viewswere fed back to the rapid prototyping cycles
as overseen by the EAG. Figure 2 illustrates the inputs made
by the focus groups.
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The consultation was approved by the UK Nationa Health
Service Research Ethics Committee (REC) process (REC
approval reference number: 16/L.0O/1300) and Health Research
Authority (HRA IRAS project ID: 210571). Carers aged
18 yearsor older and who provided unpaid support and care for
aloved one affected by psychosis were recruited from 3 mental
health trusts in South London and Berkshire, South East
England. Recruitment strategies for carersincluded the posting
of study flyersat clinical areasand informing the carers support
workers and mental health professionals at each trust to
disseminate the study information to carers.

Analysis Strategies

All the workshops and consultation meetings were digitally
recorded and transcribed verbatim. We took photos of the
sketches produced at the workshops, on which the wireframes
were devel oped later. The qualitative data were analyzed using
the thematic analysis method [65,66], suiting the socia
constructionist and realist paradigms. We used an inductive
approach to identify themes from the data without trying to fit
it into a preexisting coding frame but grounded our
understanding on the EAG members and carers perception
and experiences of the evolving drafts of the intervention. As
the study focused on designing and reviewing the build of the
intervention, the data were analyzed descriptively to generate
themes concerned broadly with the design and content of the
intervention, general look and feel, usability factors, privacy
and security, and ways to enhance engagement and usefulness.

Throughout the study, to ensure the rapid prototyping and build
of the intervention was grounded in the data, the participatory
design workshops, focus group consultation, and data analysis
wereperformed in parallel with one another. Thisensured timely
and robust feedback to inform the evolving drafts of the
intervention (see Figure 2).

https://www.jmir.org/2019/8/e14374/
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Results

Expert Advisory Group Membersand Consultation
Group Participants

The EAG comprised 8 members, whereas the core team had 6
members. Over 1 year during which 4 participatory workshops
were held, all EAG members and core team members attended
all the workshops and selected follow-up work to create the
materials as indicated.

During each round of consultations, 2 meetings involving 5 to
8 carers were held (see Figures 1 and 2). In total, 24 carers
participated in the iterative consultations along the evolving
build process: 10 on the first apha-build, and 14 on the second
alpha version. The participants comprised 10 men and 14
women. Therange of the carers’ ageswas 22 to 83 years (mean
59 [standard deviation, SD 12.7]) with the median age being
61 years. Half of the carers had retired (n=9) or stayed at home
being a full-time carer (n=3). The other half were in gainful
employment: 5 working full time, 6 working part time, and 1
actively seeking employment. Most of the carers were a parent
(19/24, 79%), and there were 2 spouses (8%, 2/24), 2 close
friends (8%, 2/24), and 1 adult child (4%, 1/24). Just more than
one-third of the carers (38%, 9/24) lived with their cared-for
person at the time of the study. The gender mix of the cared-for
persons was similar to that of the carers; 11 were male (46%,
11/24), and 13 were femae (54%, 13/24). The ages of the
cared-for persons ranged from 17 to 61 years (mean 35.3 [SD
15.8], median=32). In terms of diagnosis, half of the participants
reported that their cared-for persons (50%, 12/24) had a
diagnosis of psychosis, 9 were diagnosed with a
schizophreniform disorder (45%, 9/24), and 3 had type 1 bipolar
disorder (13%, 3/24). As reported by the participants, the
cared-for persons had been unwell for less than 1 year to the
longest for 36 years (mean 10.6 [SD=10]; median=6). The
demographic characteristics and caring situation of the
participantsand their cared-for personsare summarized in Table
1.
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Table 1. Summary of focus group consultation participant characteristics and caring situation.

Characteristics

Carer participants (n=24) Their cared-for person (n=24)

Age
Mean (SD?
Median (range)
Sex
Male, n (%)
Ethnicity, n (%)
White
Black
Asian
Other
Work, n (%)
Full-time work
Part-time work
Retired
Not working
Looking after home/family
Marital status, n (%)
Single
Married/cohabiting
Other
Relationship with the cared-for person, n (%)
Parent
Spouse/partner
Close friends
Child
Accommodation arrangement of carer, n (%)
Living with cared-for person
Not living with cared-for person
Diagnosis of cared-for person, n (%)
Psychosis
Schizophreniform disorder

Type 1 bipolar disorder

59 (12.7) 353 (15.8)

61 (22-83) 32 (17-61)

10 (42) 11 (46)
18 (75) b
1(4) —
2(9) —
3(13) —

5(21) —
6 (25) —
9(38) —
1(4) _
3(13) —

149 —
17 (71) —
6 (25) —

19 (79) —
2(9) —
2(8) —
1(4) _

9(37) —
15 (63) —

— 12 (50)
— 9(37)
— 3(13)

83D: standard deviation.
BNot applicable.

Expert Advisory Group Coproduction Wor kshopsand
Iterative Consultations

Expert Advisory Group Workshop 1

The inaugural workshop was set to design the study website
and the online intervention, including their (domain) name,
content, and look. The EAG was provided with results obtained
from prior studies conducted in the theoretical devel opment

https://www.jmir.org/2019/8/e14374/

phase of the EFFIP project ([14,19]; also JS et al, unpublished
data, 2019) to aid their design decision.

Following an extended brainstorming exercise, we decided to
cal the eHedlth intervention COPe-support, an acronym of
Carers fOr People with Psychosis e-support. We subsequently
secured the domain name of cope-support.org and hosted our
project website on the World Wide Web. With carers as end
users in mind, we set out to design a clean and user-friendly
website giving information about the project and its research
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program. The EAG believed that the testimonials from other
carerswho helped devel op the intervention would add credibility
to the intervention; hence, these testimonials and photos of the
EAG working together were added to the website (see Figure
3).

The EAG reviewed the essential ingredients as identified by
our earlier development work (JS et al, unpublished data, 2019)
to produce the draft architecture and mockup of shell (build
step 1). We used nondigital design tools such as magic sheets,
post-it notes, index-cards with content items written on them,
papers, and pens to encourage a creative design atmosphere
involving al members, regardless of their competency level of

Sinetd

information and communication technology. EAG members
did hand-drawn sketches of Web pages and organized the
content and ingredients in a structure that they saw fit.

The EAG decided the master plan for the content and key
functions of COPe-support. The intervention comprised 10
sections of psychoeducational materials, communication and
problem-solving knowledge and skills, reflective exercises, and
discussion points. There were 2 interactive discussion forums:
one with a panel of expert members comprising professionals
and experts through experience and another one with carers as
peers. Figure 3 provides samples of early designs and sketches
regarding the project website and the intervention.

Figure 3. Samples of early designs and sketches regarding the project website and the eHealth intervention devised by the EAG. COPe: Carers fOr

People with Psychosis e-support; EAG: expert advisory group.

Expert Advisory Group Workshop 2

The second workshop was held 6 weeks later. For hosting and
running COPe-support, our eLearning experts (LW and AS)
identified a virtual learning environment (VLE) caled Canvas
[67]. The COPe-support intervention, accessibleviathe Canvas
VLE, was designed to work on desktop (or laptop) Web
browsers, as well as smartphones or tablets through a Canvas

app.

Building on the framework and functions of Canvas, the EAG
members worked together to build shell with materials at build
step 2 [57]. We structured al the content items onto 1 platform
hosting 12 sections. These include the following:

+ Two modules on psychosis, common symptoms, and
comorbid problems and evidence-based treatment for
psychosis;

https://www.jmir.org/2019/8/e14374/
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- Two modules on caring strategies for common symptoms
and problems (eg, supporting your loved onewith paranoid
beliefs) and on ways to promote recovery;

- Two modules on wider social and service issues related to
psychosis including ways to deal with stigma and
discrimination and navigating the health and social care
systems;

«  Two modulesfocusing on well-being—promotion strategies
for carers themselves,

« A virtua discussion forum and blog space for carers to
share experiences and discuss commonly encountered
issues;

« An Ask the Experts forum where participants can post
guestions to an expert panel comprising health and social
care professionals and campaigners,

» A Further Resources section with supplementary Web links
to relevant external resources; and
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- A support page where carers can get in contact with the
onlinefacilitator for technical or emotional support directly.

During this workshop, the EAG members also discussed the
best ways to present the different elements and topics. We
devised adetailed work plan to source or produce the materials
in various formats, ranging from textual documents to making

Sineta

videoswith experts speaking on the specific topics and Weblinks
to externa sites (with explicit agreement sought).

The following 2 months after these workshops saw the EAG
producing the material s and the sketch design of theintervention
being turned into wireframes with materials developed filling
the shell—the build step 3 [57]. Figure 4 provides screenshots
of thefirst alpha build of COPe-support.

Figure 4. Screenshots of the first alpha-build of COPe-support. (@) COPe-support home page; (b) content menu page; (c) a well-being promotion
exercise; (d) promoting well-being exercise. COPe: Carers fOr People with Psychosis e-support.

(a) COPe-support home page

=

w COPCruvsronr

Home

(c) A wellbeing promotion exercise
fl

& E

Connect-strategies with your people

Consultation With End Users on the First Alpha-Build

Oncethefirst a pha-build of COPe-support (including the home
page where the intervention menu and content list sat and
mockups of 3 modules and the 2 forums) was prepared, we ran
the first consultation showing the carers its offline version to
seek their feedback.

Feedback from carers indicated that the general presentation
and the content of COPe-support were well received. However,
carers found the linear program of sections and elements too
prescriptive (see Figure 4), whereas they envisaged that carers
asend userswould prefer flexibility in choosing rel evant content
suiting their own caring situation. Although carers rated
positively the differing elements including psychoeducational
information, reflective exercises, and practice guides, which
encourage the integration of skills learnt into their day-to-day
life, they found the default terminology used by the Canvas
VLE alienating. Some examplesincluded theterms quizzesand

https://www.jmir.org/2019/8/e14374/

RenderX

(b) Content menu page

e o 0 00 06 0 0 O

(d) Promoting wellbeing exercise

Physical - How your body feels? Select all those apply to you and jot down some specific reactions if you think of any.

Thinking - What's going through your mind? Select all thase apply to you and jot down some specific reactions if you think of any.

grades. The findings obtained from the focus groups were fed
back to the rapid prototyping cycle overseen by the EAG.

Expert Advisory Group Workshop 3

Although the rapid prototyping build work progressed onto
build step 4—cross-inferencing and integrating materials, the
consultation findingson theinitial alpha-build of COPe-support
werereviewed by the EAG at thisworkshop. Theoriginal linear
program menu design was changed to agrid-based visualization,
which implied no order for its content yet still provided the
functionality to link to the relevant areas. The 3 key elements,
that is, psychoeducational information, interactive forums, and
further resources, were color-coded in the content menu. Explicit
guidance notes were added to encourage participants to pick
and choose the content relevant to their needs. We changed the
terminology used by the Canvas VLE, which was originally
designed for el_earning students, as much as possibleto suit the
carer population. These included labeling all the exercises and
prompts for reflection and integration as reflection and leaving
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out submission or grading and sharing of reflections through
peer-to-peer forum as some participants might perceive that as
a source of unintended pressure. In both forums, we added
ground rules and notes to explain the privacy and security
measures and provided examples in writing posts or questions

Sineta

without giving personaly identifiable data away. We also
developed further sections using these design principles in
producing the second apha-build of COPe-support. Figure 5
provides screenshots of the second alpha-build of the
intervention.

Figure5. Screenshots of the second a pha-build of COPe-support. (a) COPe-support home page; (b) ask the expertsforum; (c) information on resources,
(d) promoting well-being exercise. COPe: Carers fOr People with Psychosis e-support.

(a) COPe-support home page

§’ E-support for Families and Friends of Individuals
affected by Psychosis

ta COPe-suppart! COPe-support is an online resource which
Carers fOr People with Psychasis e-support resource” an

(c) Information on resources
Support and resources for «

H®E

(b) Ask the Experts forum

ASK THE EXPERTS|

&

s s 1 P g e rrerend o sy e el s e s i e s v for i o e el ? Ve hervr @ puared o expes T
ekome yous please puost
st i sreder Py el

your [ - W i et bk £ pons

within 3 working days.

Ask the experts discussion topics:

Topic 1: Talking therapies & psychosocial interventions
Topic 2:F

Topic 3 Legal

Topic 4: Servic

Topic 52

Topic 6 Campaigning. stizma & social inchisio

(d) Promoting wellbeing exercise

Consultation With End Userson the Second Alpha-Build

A second round of focus group consultation was subsequently
organized when we showed the carers an online version of the
second alpha-build of COPe-support (see Figure 5). Carers
feedback for thiswas positive in general. They found the home
page welcoming and particularly appreciated the content menu
design, which they found inviting and intuitive to use. The
explicit display of the ground rules and guidance notes to
ascertain privacy and security in the home page and again in
forumswasidentified by carers asenhancing their sense of trust
and ease of use. The layout of pages focusing on
psychoeducational information given was well evaluated with
the use of pictures and graphics to intercept the text. We asked
carers to review the 2 forums and the discussion topics during
the consultation. Most found that the topi cs gave some structures
for the participants to focus their posts and felt confident and
comfortable to use the forums with the guidance notes and the
anonymous participation arrangement. Carers identified that
there was a need for clearer instruction in how the participants
can contact the COPe-support facilitator directly for support if

https://www.jmir.org/2019/8/e14374/
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necessary. They liked the cognitive behaviora—oriented
reflections and exercises that promote self-care but would like
more instruction on downloading the materiadls to alow
practicing in their own time.

Expert Advisory Group Workshop 4

In the 2 months between the last consultation and the fourth
coproduction workshop, further rapid prototyping work was
carried out to address the focus group findings.

Workshop 4 concluded the build step 4— cross-inference and
integrating materials—of the coproduction work and preceded
the final build step 5— ready for usability test. During this
workshop, the EAG members conducted awal k-through exercise
asagroup on the beta-build of COPe-support [62-64]. Through
the walk-through exercise starting from login to log-off, the
EAG members navigated through every section and tried out
every function of COPe-support from an end user’s perspective.
A number of minor usability issues related to navigation and
use of various functions were identified (eg, how to raise anew
post?). We took note of these findings and carried out further
refinement accordingly. We also captured the EAG members
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experience and feedback expressed through the exercise to
inform the production of a navigation video (and a written
navigation guide in parallel).

We discussed and confirmed the privacy and data security
measures based on the exercise and the data output from it. In
addition to the anonymous participation mechanism through
the use of pseudonyms by all enrolled carers, the EAG
considered it useful to state explicitly the monitoring,
moderation, and facilitation provided by a qualified mental
health professional (JS) daily during the week. We believed
that it helped create and maintain a safe online environment as
well asenhancethe credibility of theintervention. Thefacilitator
also posts weekly updates on COPe-support onlineforumto all
carers with an aim to keep them engaged.

These considerations and final refinement work were undertaken
in the final build step 5— preparing for usability test —with
the delta-build of COPe-support developed by the end of the
build and modeling phase.

Discussion

Principal Findings

Our study used an innovative approach to devel op a Web-based
intervention for psychosis carers. COPe-support provides
psychoeducation and emotional support using health care
professional contribution and peer support [52]. The
participatory research design method ensured that carersasend
users were fully involved in al phases of the design and build
process [47,60,68,69]. We believe that carers, together with
other key stakeholders such asindividualswith lived experience
of psychosis and health care professionals, provided some
insightful foresight of target end users’ expectations and usage
pattern for the intervention. These were addressed and taken on
board in the build processto optimize the matching of end users
expectationsand needs and thefinal product design and delivery.
Furthermore, these end users' inputs helped the core team,
especially the eLearning experts, to understand how best to
mani pulate the technological remits as afforded by our chosen
software to enhance the relevance and suitability of the
intervention for the end users ([63,64]; also JSet al, unpublished
data, 2019).

Our study combined 2 distinct participatory research
coproduction methodol ogies with end users—the participatory
research workshops to design and build the intervention and
consultation meetings to provide feedback on drafts along the
rapid prototyping cycles—in parallel and interacting with one
another [29,52,58]. Furthermore, 2 different groups of end users
and stakeholders were involved in the different methods and
activities (carers with no involvement with the project joined
the consultation meetings on initial and second a pha-builds,
alongsidean established set of EAG members). Aswe embedded
the participatory research elements within a structured eHealth
build model originaly developed for e-menta health
interventions [57], the repeated development cycle borrowed
from the agile method enhanced the continuous generation of
new ideas and feedback being inputted into the coproduction
build process. Our approach integrating PPI into the agile build

https://www.jmir.org/2019/8/e14374/
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process, enabled end users to have hands-on involvement in
producing and revising the devel oping intervention drafts; their
experiential insights were not lost through interpretation by
external technological experts which, we hope, the insights
gained likely to increase end users engagement with the
intervention [47,60]. We would argue that our participatory
approach was better suited than a carer-led method, as we were
able to integrate a full range of stakeholders, including
el earning experts, clinicians, and researchers into the build
process alongside carers.

Limitations

The participatory design and build work described in this paper
have produced a final prototype of COPe-support. This study
has produced atangible output, that is, an eHealth intervention
meeting the required and desired expectations of both EAG
members and the carer participants who contributed to the
iterative consultation alongside the prototype development.
However, our results are descriptive in nature and limited in
establishing the usability or acceptability of the intervention,
and our sample of carers was limited by size and
representativeness. The success of our approach will ultimately
be tested in experimenta evaluation of the intervention itself
(see below).

Implications and Future Directions

This study illustrates the importance of coproduction of
COPe-support, an eHealth intervention, which is designed to
be used by carers autonomously. Another important contribution
this study made to research in the field is the documentation of
a rigorous and innovative build process, which combined
intervention development method and participatory research
methodologies throughout its life cycle [69]. Across the
spectrum of eHealth intervention build methods, we recognize
our participatory research method being in the middle ground
of the 2 polar approaches: agile or technologist-driven and
carer-led. Our approach establishesitself asathird way adopting
the agile process and principles while integrating PPl with the
technol ogical and research core team conducting the build work
as directed by the EAG.

Following this study with the prototype ready for feasibility
and usability testing, a usability study of the final delta-build
of COPe-support has been completed with both a remote
usability trial and a think-aloud study (JS et a, unpublished
data, 2019). The results were promising and provided further
feedback from end users, in terms of facilitation and delivery
strategies (JS et al, unpublished data, 2019). Following further
refinement work as informed by the usability study (JS et al,
unpublished data, 2019), COPe-support is currently being tested
for its effectiveness in supporting carers through an online
randomized controlled trial (RCT) [54]. The tria will also test
levels of carers’ engagement both with the intervention and the
study and for any correlation of engagement or adherence with
the effectson carers’ health outcomes. These investigations will
therefore enable usto consider, in the future, if our participatory
research approach has been successful.

To the best of our knowledge, COPe-support is one of the few
comprehensive Web-based interventions targeting carers for
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psychosis patients. With the benefits of access, facilitation, and
delivery completely through the internet, our product has the
potential to provide an evidence-based psychoeducational
intervention with its key ingredients [14,19]. These include
providing health outcomes monitoring, psychoeducational
information, and real-time interaction with health care
professionals and other carers as peers. We expect the internet
delivery will overcome some of the implementation and access
barriersfrom both the service providers' and carers' perspective
[19]. Dependent on the trial outcomes, we have considered
several areas for further development and innovation in the
future. These range from investigating further implementation
strategies to optimize large-scale rolling out of COPe-support
upon positive trial results to examining and incorporating
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in eHealth interventions to enhance engagement and effects
upon unclear effectivenessresults[70,71]. Participatory research
methods and principleswill, no doubt, be an important approach
integrated within such work.

Conclusions

We integrated participatory research methodologies with a
structured eHealth intervention devel opment processto develop
COPe-support through this study. COPe-support is one of the
few eHedth interventions dedicated for family carers of
individuals affected by psychosis. It provides information and
psychosocial support for carersthrough theinternet, promoting
flexible access and individualized choice. Following usability
evaluation of the intervention prototype, we are currently

undertaking an online RCT to evaluate its effectiveness in
promoting carers health outcomes.

additional health behavioral change techniques or methods used
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Abstract

Background: Prevention of depression and anxiety disorders early in life is a global health priority. Evidence on risk and
protective factors for youth internalizing disorders indicates that the family represents a strategic setting to target preventive
efforts. Despite this evidence base, there is a lack of accessible, cost-effective preventive programs for parents of adolescents.
To addressthis gap, werecently devel oped the Partnersin Parenting (PiP) program—an individually tailored Web-based parenting
program targeting evidence-based parenting risk and protective factors for adolescent depression and anxiety disorders. We
previously reported the postintervention outcomes of a single-blinded parallel-group superiority randomized controlled trial
(RCT) in which PiP was found to significantly improve self-reported parenting compared with an active-control condition
(educationa factsheets).

Objective: This study aimed to evaluate the effects of the PiP program on parenting risk and protective factors and symptoms
of adolescent depression and anxiety using data from the final assessment time point (12-month follow-up) of this RCT.

Methods: Parents (n=359) and adol escents (n=332) were recruited primarily from secondary schools and completed Web-based
assessments of parenting and adolescent depression and anxiety symptoms at baseline, postintervention (3 months later), and
12-month follow-up (317 parents, 287 adolescents). Parents in the PiP intervention condition received personalized feedback
about their parenting and were recommended a series of up to 9 interactive modules. Control group parents received accessto 5
educational factsheets about adolescent development and mental health. Both groups received a weekly 5-min phone cal to
encourage progress through their program.

Results. Intervention group parents completed an average of 73.7% of their intended program. For the primary outcome of
parent-reported parenting, theintervention group showed significantly greater improvement from baseline to 12-month follow-up
compared with controls, with a medium effect size (Cohen d=0.51; 95% CI 0.30 to 0.72). When transformed data were used,
greater reduction in parent-reported adolescent depressive symptoms was observed in the intervention group (Cohen d=-0.21;
95% CI —0.42 to —0.01). Mediation analyses revealed that these effects were mediated by improvements in parenting (indirect
effect b=—0.08; 95% Cl —0.16 to —0.01). No other significant intervention effects were found for adol escent-reported parenting
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or adolescent depression or anxiety symptoms. Both groups showed significant reductionsin anxiety (both reporters) and depressive
(parent reported) symptoms.

Conclusions: PiP improved self-reported parenting for up to 9 months postintervention, but its effects on adolescent symptoms
were less conclusive, and parent-reported changes were not perceived by adolescents. Nonetheless, given its scalability, PiP may

be auseful low-cost, sustainable program to empower parents of adolescents.

Trial  Registration: Australian  Clinica

Trids

Registration  Number (ACTRN):  12615000328572;

http://www.anzctr.org.auw/ACTRN12615000328572.aspx (Archived by WebCite at http://www.webcitation.org/6qgsZ3Aq;).

(J Med Internet Res 2019;21(8):€13628) doi:10.2196/13628
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Introduction

Background

Depression and anxiety disordersare common in young people,
with lifetime prevalence rates of 18% and 38%, respectively,
in adolescents aged 13 to 17 years [1]. The incidence of these
disorders peaks during adolescence, and early-onset disorders
tend to have a chronic and relapsing nature. In particular, these
disorders forecast a cascade of deleterious long-term sequelae
across multiple domains of functioning and increase suicide
risk [2,3]. Moreover, alarge proportion of the burden of disease
from these disorders remains unavertable even with optimal
treatment [4]. With emerging evidence suggesting an increase
in the rates of depression and anxiety problemsin children and
young people internationally [5,6], there is an urgent need for
effective preventive approachesto stem thisglobal public health
problem.

The family setting is a strategic target for implementing
preventive approaches for adolescent depression and anxiety
(also known as internaizing) disorders. As posited by
interpersonal theories of developmental psychopathology,
internalizing problems both result from and contribute to
disruptions in developmentally salient interpersonal processes
(starting with early parent-infant attachment), which in turn
interferewith young people's need for relatedness [ 7]. From an
etiological perspective, parents have an important influence on
young peopl€e'srisk for internalizing problems, in terms of both
nature and nurture. Genetic research suggeststhat the heritability
of liability to internalizing behaviors is high in 3-year-olds
(76%) but reduces to 48% by the age of 12 years, whereas the
shared environmental influence increases from zero at age 3 to
18% at age 12 [8]. More recently, a children-of-twins study
found significant environmental transmission of anxiety from
parents to their adolescents, but no evidence of significant
genetic transmission [9], highlighting the influence of parental
anxiety and associated parenting behaviors (eg, overprotection
or overcontrol) in the etiology of adolescent internaizing
problems. Meta-analyses of individual parenting behaviors
associated with adolescent internalizing problems have found
that parenting behaviors prospectively account for a small but
significant amount of variance (1%-16%) [10,11]. Together,
the evidence indicates that parenting behaviors are apromising
target for the prevention of adolescent internalizing problems.

http://www.jmir.org/2019/8/e13628/

For the purpose of prevention, interventions need to target
modifiable risk and protective factors[12]. A burgeoning body
of literature has identified various risk and protective factors
for adolescent depression and anxiety problems [13,14],
including some that are potentially modifiable by parents
[10,11,15]. These factors are posited to operate bidirectionally
in the transactions between parent and child, especially as the
child develops increasing autonomy during adolescence [16].
Factorsthat increase adolescents’ risk for depression and anxiety
include interparental conflict, overinvolvement (including
psychological control), and aversiveness (including harsh
parental criticism and parent-adolescent conflict). Protective
factors include parental warmth and acceptance, monitoring,
and autonomy granting [10,11]. This evidence base delineates
the parenting factors that should be translated into preventive
interventions for parents of adolescents to reduce the societal
burden of youth internalizing disorders.

For decades, preventive parenting interventions have been
developed to capitalize on the influence parents have on their
child’s development and adjustment based on the assumption
that improving parenting will in turn yield benefits for the
child’'s mental health [17]. Unfortunately, the translation of
research evidence into preventive parenting interventions
continuesto lag far behind the abovementioned evidence base,
with a recent review identifying only 3 preventive parenting
interventions (defined as programs where more than 50% of the
intervention is delivered to the parent) targeting parents of
adolescents [18]. One of these 3 interventions used a universal
prevention approach (invited all parents regardless of their
child’slevel of risk; [19]), whereasthe other two were selective
prevention programs that targeted parents with an affective
disorder [20] or HIV/AIDS [21]. In contrast, relatively more
preventive parenting interventions have been developed and
evaluated for parents of younger children [18]. Most existing
interventionsthat are designed for parents of adol escentstarget
behavioral problems not directly related to internalizing
disorders, such as externalizing problems, substance use, and
risky behaviors [17,22]. Importantly, preventive parenting
interventions have demonstrated long-term benefits for child
internalizing [18] and externalizing [17,22] outcomes that last
up to 20 years after theintervention. Sandler et al [17] proposed
a theoretical pathway by which parenting programs can have
long-term benefits for child outcomes via program effects on
parents. The most parsimonious program effect involves parents
learning new skillsfrom the program, and the use of these skills
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is maintained by positive responses from their children (eg,
improved parent-child relationship).

However, the public health impact of preventive parenting
interventions (regardless of child age) islimited by poor uptake
and engagement [23]. In part, this is because most existing
interventions are face-to-face group programs, which encounter
the common barriers of stigma and practical logistics such as
timing or scheduling, cost, travel, and child care [24,25].
Web-based platforms have the potential to overcome some of
these barriers because of the anonymity and accessibility they
afford [26]. However, a recent systematic review of
technol ogy-assisted parenting programsto prevent menta health
problems in children aged O to 18 years [27] identified only 1
Web-based preventive parenting intervention that targets
adolescent internalizing problems, known as PiP.

The PiP Web-based parenting intervention was developed to
address the abovementioned gaps in preventive parenting
resources [26]. It is an evidence-informed intervention that
incorporates (1) developmental theory (including the
developmental psychopathology framework) [28] and research
into the role of parents in adolescent development and
adjustment [10,15], (2) preventive medicine and public health
approaches that advocate the targeting of risk and protective
factors for prevention [12,29], and (3) the use of persuasive
technologies to influence behavior change [30]. PiP draws its
content from the parenting guidelines How to prevent depression
and clinical anxiety in your teenager: Strategies for parents
(henceforth referred to asthe Guidelines) [31]. These Guidelines
werethe product of arigorous research trang ation methodol ogy
comprising a systematic review of modifiable parental factors
associated with adolescent depression and anxiety [10] and a
Delphi study of international expert consensus about parenting
strategies that can reduce adolescents’ risk of depression and
anxiety disorders[32]. Using aconsumer-engagement approach
[33], the intervention was designed following the principles of
Persuasive Systems Design [30] to be aninteractive individually
tailored program. The intervention has been evaluated in a
randomized controlled trial (RCT) and found to produce
significantly greater improvementsin parent-reported parenting
risk and protective factorsfor adol escent depression and anxiety
(primary outcome) from baseline to postintervention (3 months
later) compared with an active control condition (Cohen d=0.57).
No significant group differences in changes over time were
found for secondary outcomes of interest, including
adol escent-reported parenting factors, and adol escent depression
and anxiety symptoms, as reported by both parents and
adolescents [34]. It is likely that changes on these secondary
outcomes may emerge in the longer term, once the proximal
intervention effects (eg, behavior changesin parents) have had
time to influence the broader family system.

Indeed, in the broader parenting and family intervention
literature, proponents of the devel opmental cascade model have
argued that changing parent-related factors in the short term
can lead to significant long-term benefits for the child through
a progression of events over the course of development. For
instance, an RCT of the New Beginnings Program for divorced
familieswith children aged 9 to 12 years[35] found significant
effects on parenting, parent-child relationship quality, and

http://www.jmir.org/2019/8/e13628/
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internalizing problems at postintervention, but these effects
were not maintained at 6-month follow-up. However, significant
long-term effects emerged at the 6-year [35] and 15-year [36]
follow-up assessments on various functioning outcomes,
including internalizing, externalizing, and substance use
problems, and mediational analyses supported the cascade
effects model. Similarly, an RCT of the Family Check-Up
program for low-income parents of toddlers [37] found
significant direct effects on maternal depression but not child
internalizing problems in children aged 2 to 3 years, but an
indirect effect (through reductions in maternal depression) on
child internalizing symptoms emerged in middle childhood (age
7.5-8.5 years). These findings underscore the importance of
long-term follow-up to examine the preventive effects of
parenting interventions over the course of the child's
development.

This Study

Thisstudy reportsthe findings from amedium-term (12-month)
follow-up of families in this RCT. One primary outcome of
interest was again parenting risk and protective factors. We
hypothesized that the intervention effects observed at
postintervention would be observed at the 12-month follow-up.
Parent- and adol escent-reported symptoms were al so examined
as primary outcomesin this paper with the aim of investigating
whether the intervention effects on parent-reported parenting
factors would yield benefits in terms of adolescent depressive
and anxiety symptoms by the 12-month follow-up. Specifically,
we hypothesized that compared with the control group, the
intervention group would show greater reductions in parent-
and adolescent-reported symptoms from baseline to 12-month
follow-up. We adso hypothesized that parenting at
postintervention would mediate adolescent symptoms at the
12-month follow-up, after accounting for parenting and
symptom scores at baseline. Adolescent report of parenting was
again examined as a secondary outcome measure. We predicted
greater improvement in adolescent-reported parenting from
baseline to 12-months follow-up in the intervention compared
with the control group.

Methods

Design

This study was a parallel-group superiority RCT, with
assessments  conducted at baseline (preintervention),
postintervention (3-months postbaseline), and 12-month
follow-up (final assessment timepoint). The trial was
prospectively registered with the Australian New Zealand

Clinical Trials Registry (registration number
ANZCTR12615000328572) and approved by the Monash
University Human Research  Ethics  Committee

(CF14/3887-2014002024). A detailed description of the
methodology has been published by Yap et a [34]; however,
the pertinent details will be described bel ow.

Sample Size

The sample size was determined based on an a priori power
analysis. This indicated that a sample size of 294
parent-adol escent dyads (147 per group) was required to detect
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asmall effect size (Cohen d=0.20), with an alpha level of .05,
power of 0.80, and a repeated-measures design. To allow for
approximately 15% attrition, we aimed to recruit 338 dyads
(169 per group).

Settings, Participants, and Eligibility Criteria

Eligible parents had an adolescent in the target age range (12-15
years at baseline), resided in Australia, had regular internet
access, and an email account. Only 1 parent-adolescent dyad
per family was eligible to participate. Computer and internet
literacy were implicit eligibility criteria. Given the universal
approach taken inthistrial, no exclusion criteriawere specified.
Recruitment was primarily via secondary schools across
Australiaas well as online networks, social media, and mental
health organizations (eg, beyondblue and Mental Health First
Aid Australia). Baseline assessments were compl eted between
August 2015 and November 2016 (when the desired sample
size was reached), and 12-month follow-up data collection
concluded in December 2017.

Interventions

The Partnersin Parenting | ntervention

PiP is a fully automated Web-based parenting program
consisting of 3 components [26]. First, parents complete a
self-assessment scale (the Parenting to Reduce Adolescent
Depression and Anxiety Scale; PRADAS[38]), which assesses

http://www.jmir.org/2019/8/e13628/

Yap et d

their current parenting practices against the Guidelines. Second,
based on their responses to the PRADAS, parents receive an
individually tailored feedback report outlining their parenting
strengths and areas for improvement. The feedback messages
are designed to be brief, motivate behavior change, provide
practical parenting strategies, and contain links to further
information that parents can access if desired. Third, parents
are recommended a series of interactive online modules, also
based on their responsesto the PRADAS. A total of 9 modules
are available, and parents can further personalize their program
by selecting additional modules (not initially recommended to
them) or declining recommended modules. Modules include
interactive activities, goal setting exercises, audio clips,
vignettes, illustrations, and an end-of-module quiz with
immediate feedback, designed to consolidate learning. Each
module takes approximately 15 to 25 min to complete. One
module is made available to parents every 7 days, to alow
sufficient time to complete each module and work on weekly
goals before progressing to the next module. Parents were sent
automated emails each week to notify them that their next
module was availableto accessviatheir personalized dashboard.
Once parents had completed the initially selected modules, all
9 modules (including those not initialy selected) were made
available for the remainder of the RCT. Table 1 presents the
content covered in the PiP modules and the corresponding
sections in the PRADAS, feedback report, and Guidelines.
Multimedia Appendix 1 presents screenshots of theintervention.
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Table 1. Partnersin Parenting modules, corresponding sections of the Parenting to Reduce Adolescent Depression and Anxiety Scale (PRADAS) and

feedback report and Guidelines subheadings.

Module title and content

Corresponding section of the
PRADAS and feedback report

Guidelines subheading®

Module: “Connect”—Acknowl edges the challenge of connecting with adolescent
children and provides specific tips on how to do this.

Module: “Nurtureroots and inspirewings’—Hel ps parents establish theimportant
balance between staying involved and interested in their adolescent’slife, while
encouraging increasing age-appropriate autonomy.

Module: “Good friends, supportive relationships’—Provides strategiesfor parents
to support their adolescent’s socia skills development.

Module: “Raising good kids into great adults: establishing family
rules’—Highlights theimportance of consistent and clear boundariesfor adoles-
cent behaviors and provides specific strategies to establish these.

Module: “ Calm versus Conflict”—Addresses the need for adaptive conflict
management between parents and between parent and adolescent and provides
specific strategies to do these.

Module: “Good health habits for good mental health”—Provides strategies to
help parents encourage good health habitsin their adolescent, including ahealthy
diet, physical activity, good sleep habits, and abstinence from alcohol and drugs.

Module: “Partnersin problem solving”—Provides strategies for parentsto help
their adolescent develop good problem-solving and stress management skills.

Module: “From surviving to thriving: helping your teenager deal with anxi-
ety”—Provides strategies for parents to help their adolescent manage their ev-
eryday anxiety.

Module: “When things aren’t okay: getting professional help”—Helps parents
understand what depression and anxiety problems can look like in adolescents,
and what they can do if their adolescent is or becomes unwell.

Your relationship with your
teenager

Your involvement in your
teenager’slife

Your teenager’s relationships
with others

Your family rules

Your home environment

Health habits

Dealing with problemsin your
teenager’slife

Coping with anxiety

Getting help when needed

Establish and maintain a good
relationship with your teenager

Beinvolved and support increas-
ing autonomy

Encourage supportive relation-
ships

Establish family rulesand conse-
quences

Minimize conflict in the home

Encourage good health habits

Help your teenager to deal with
problems

Help your teenager to deal with
anxiety

Encourage professional help
seeking when needed

8Adapted from [34]. Note that 2 of the 11 sections of the Guidelines (You can reduce your child's risk of developing depression and clinical anxiety
and Don’t blame yourself) do not have specific corresponding sectionsin the PRADAS or PiP modules, but the key messages they present are included

in the feedback report and across all modules.

Educational Factsheets (Active Control Condition)

Parents in the control group received access to a series of 5
educational factsheets about adol escent devel opment and mental
health. The factsheets provided general information, without
individual tailoring or actionable parenting strategies (cf. the
PiP intervention). The factsheets were intended to provide
information already available to parents as part of a current
health promotion approach, with materials adapted from the
Raising Children Network website [39]. The factsheet topics
were as follows: (1) Teen development: an overview, (2) The
teenager’s devel oping brain, (3) Theteenager’s changing body,
(4) Resilience, and (5) Happy teenagers and teenage wellbeing.
The delivery of the factsheets was designed to mirror the
delivery of the PiPintervention; parents were emailed once per
week with alink to accesstheir next factsheet viatheir personal
dashboard on the trial website, and they had access to the
factsheets for the duration of the RCT. The weekly emails
occurred at the beginning of the intervention phase (ie, first 5
weeks postbaseline).

Weekly Check-In Phone Calls

Parents in both groups received a weekly phone call from a
member of the research team, commencing 7 days after
completion of their baseline assessment. Intervention group
parents received 1 phone call per module selected in their

http://www.jmir.org/2019/8/e13628/

program, unless they selected less than 5 modules, in which
case, parentsreceived aminimum of 5 calls (to match the control
group who received 5 calls). The purpose of the calls was to
encourage progress, enhance engagement, provide technical
assistance, and answer study-related questions. Research
assistants were trained to make the phone calls following a
standard script and did not provide individual advice or
therapeutic support.

M easures

Primary Outcome Measure 1: The Parenting to Reduce
Adolescent Depression and Anxiety Scale

The PRADAS isaself-reported measure of parenting practices
across the parenting domains covered in the Guidelines [38]
(see Table 1). Asacriterion-referenced measure, the PRADAS
assesses current  parenting practices against  specific
recommendations in the Guidelines (the criterion) and scores
parents as either concordant (1) or nonconcordant (0) with the
recommendations. The 73 items of the PRADAS cover 8 of the
9 domains of the Guidelines, with one of the original 9 subscales
(relationships with others) dropped from the scale during the
validation process [38]. Most items are scored on a Likert-type
frequency (never, rarely, sometimes, and often) or likelihood
scale (very unlikely, unlikely, likely, and very likely; for
hypothetical scenarios). Theitem scores are summed to form a
total score, ranging from O to 73, with higher scores indicating
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greater concordance with the Guidelines. In avalidation study
of 711 parents of adolescents aged 12 to 15 years, which
included baseline data from the current RCT sample, the total
scoredemonstrated high reliability (agreement coefficient=0.97),
acceptable 1-month test-retest reliability (0.78), and convergent
validity with 2 existing parenting measures [38]. In the current
sample, the agreement coefficient was high at all 3 time points
(baseline=0.97, postintervention=0.96, and 12-month
follow-up=0.95).

Primary Outcome Measure 2: Short Mood and Feelings
Questionnaire

The Short Mood and Fedlings Questionnaire (SMFQ) isawidely
used measure of depressive symptoms in children and
adolescents [40]. Both the child (SMFQ-C) and parent
(SMFQ-P) versions have 13 items assessing the frequency of
depressive symptoms in the past 2 weeks, on a 3-point scale of
not true (0), sometimes true (1), or true (2). Item scores are
summed to form atotal score, ranging from 0 to 26, with higher
scores indicative of higher symptom levels. The scale has been
documented to have high internal consistency, criterion vaidity,
and convergent validity with other measures of depressive
symptoms in children [40-42]. In our sample, both the parent-
and child-reported versions had high reliability at all time points,
as assessed by coefficient omega (SMFQ-C: baseline
omega=0.93, postintervention omega=0.93, 12-month
omega=0.95, SMFQ-P baseline omega=0.93, postintervention
omega=0.92, 12-month omega=0.94). The correl ations between
parent and child reports on the SMFQ were r=0.48 at baseline,
r=0.40 at postintervention, and r=0.53 at 12-month follow-up
(all P<.001).

Primary Outcome Measure 3: Spence Children’s Anxiety
Scale

The Spence Children’s Anxiety Scale (SCAS) isa39-item child-
(SCAS-C) and parent- (SCAS-P) reported measure of child and
adol escent anxiety across 6 subscales: separation anxiety, social
anxiety, obsessive compul sive symptoms, panic or agoraphobia,
generalized anxiety, and fear of physical injury [43,44]. Items
are scored on a 4-point scale from O (never) to 3 (always) and
can be summed to form the 6 subscal e scoresand atotal anxiety
score. We calculated the total score, which ranges from 0 to
114, with higher scores representing more anxiety symptoms.
The SCAS has been normed on several samples, including
Australian school children within the same age range as our
sample [45]. Both the parent- and child-reported versions have
demonstrated highinternal consistency reliability and acceptable
test-retest reliability [44-46]. Internal consistency reliability for
our sample was high for both versions across the 3 time points
(SCAS-C: baseline omega=0.95, postintervention omega=0.96,
12-month omega=0.96, SCAS-P: baseline omega=0.93,
postintervention omega=0.94, 12-month w=0.95). The
correlations between SCAS-C and SCAS-P were r=0.46 at
baseline, r=0.43 at postintervention, and r=0.47 at 12-month
follow-up (all P<.001).
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Secondary Outcome Measure: The Parenting to Reduce
Adolescent Depression and Anxiety Scale—Adolescent
Report

The Parenting to Reduce Adolescent Depression and Anxiety
Scale—Adolescent Report (PRADASA) assesses the
adolescent’s perspective on the same 8 parenting domains
covered inthe PRADAS (Cardamone-Breen et al, forthcoming).
The scale hasfewer itemsthan the PRADAS (total of 43 items),
as only itemsthat were devel opmentally appropriate and could
be assessed from the adolescent’s perspective were included.
During validation anayses, the relationships with others
subscale was aso removed from the PRADAS-A because of
poor psychometric properties (Cardamone-Breen et 4,
forthcoming). Response options and scoring are similar to the
PRADAS, with itemsassessed on Likert-type scales and scored
as either concordant (1) or nonconcordant (0) with the
Guidelines' recommendations. Thetotal score therefore ranges
from 0 to 43, with higher scores indicating greater
Guidelines-concordant parenting practices. Thetotal score has
demonstrated high rdliability (agreement coefficient=.97,
3-month test-retest reliability=.81) and moderate correlations
with adolescent-reported depression and anxiety symptoms in
a validation sample of 670 adolescents aged 12 to 15 years
(baseline data from the current RCT was included in the
validation study [Cardamone-Breen et al, forthcoming]). The
agreement coefficient for thetotal scorein our samplewashigh
(0.97) at al 3time points. The correlation between the PRADAS
and PRADAS-A at each time point was as follows: baseline,
r=0.26; postintervention, r=0.26; and 12-month follow-up,
r=0.33 (all P<.01).

I ntervention Adherence, Completion, and AccessDuring
Follow-Up Period

Intervention adherence was operationalized as the percentage
of parentswho completed their program asintended, cal culated
as 100% x [(number of parents whose observed usage equals
their intended usage)/(number of parents who received the
intervention)] [34,47]. Intervention completion was defined as
the percentage of theintended program that was compl eted, that
is, intervention compl etion=[ 100% x (observed usage)/(intended
usage)]. For the intervention group, observed usage was defined
asthe number of modules completed, and intended usage asthe
number of modules initially selected. For the control group,
intended usage was defined as reading all 5 factsheets, and
observed usage was defined as the number of factsheets that
had been opened by the parent (determined by timestamps stored
in the system when parents clicked the link to open their
factsheet). We also examined whether parents completed their
program during the active intervention phase, which was defined
as the time between the parent baseline assessment and the
adolescent postintervention. If the adolescent did not complete
the assessment, the date of the parent postintervention
assessment was used. Finally, we examined the number of
parentswho accessed their program after the active intervention
phase (ie, between postintervention and 12-month assessment
time points).
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Procedures

Registration and Baseline Assessments

Parent participants registered themselves and their adolescent
viathe dedicated trial website and provided consent and contact
details for their adolescent (see Multimedia Appendix 2 for
informed consent documentation). Email verification was
required at this point. A member of the research team then
phoned the adol escent to inform them of the study requirements
and obtain assent (if they agreed to participate). Parents were
not informed of their adolescent’s decision to participate and
could continue in the study regardless of adolescent
participation. If the adolescent declined to take part, the
adolescent assessments were cancelled so that parent
participation could proceed as per protocol. Adolescents who
agreed to participate were guided through completion of their
online baseline assessment over the phone, with the researcher
providing assistance as required. On completion of the
adolescent baseline assessment (or cancellation of the
assessment by a researcher), the trial website automatically
generated an email invitation to the parent, inviting them to
completetheir baseline assessment. Parents were then required
to log on to the website in their own time to complete their
baseline assessment. Parent and adol escent assessmentsincluded
their respective versions of the PRADAS, SCAS, and SMFQ.

Randomization and Blinding

Immediately following completion of the parent baseline
assessment, parents were automatically allocated to the
intervention or control condition using a computer-generated
unblocked, unstratified randomization procedure, with a 1:1
allocation ratio. At this point, the intervention group parents
were presented with their individually tailored feedback
onscreen and were emailed a PDF copy of the feedback report.
Control group parents were presented with their first factsheet.
Therefore, parentswere not blinded to their allocation nor were
the researchers who spoke to parents during weekly check-in
phone calls. Adolescents were not informed of their parent’'s
allocation and, therefore, were assumed to be blinded. As all
assessments were completed online via the dedicated trial
website, blinding of assessor was not relevant.

Follow-Up Assessments

The procedure for 3- and 12-month follow-up assessments was
similar to the baseline procedure. Both parents and adol escents
were reimbursed with an Aus $15 electronic voucher for
completion of each of the 3- and 12-month follow-up
assessments.

Adolescent Symptom Elevation Procedure

At al time points, the participants were followed up by a
member of the research team if both the parent and adol escent
reported elevated symptoms on the SCAS or SMFQ, based on
predetermined cutoff scores. For the SCAS, this was defined
asatotal score greater than or equal to 1.5 SDs above the mean
based on Australian community sample norms [48]. For the
SMFQ, scores greater than or equal to 8 were considered
elevated [40]. Follow-up actions included email notifications
to parents alerting them to their adol escent’s el evated symptoms
and providing avenues for seeking professional support (n=38
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at baseline, n=25 at postintervention, and n=28 at 12-month
follow-up; no significant differences between groups).
Adolescentswho reported particularly high scores onthe SMFQ
(SMFQ-C total score>20) were also phoned by a postgraduate
clinical psychology student, who conducted a risk assessment
and provided referral information as required (n=8 at baseline,
n=5 at postintervention, and n=10 at 12-month follow-up; no
significant differences between groups).

Statistical M ethods

L essthan 4% of participants had missing dataon any measures.
Item level missing data were replaced with the participant’s
mean response on the corresponding subscale for cases with
less than 23% missing data on a given measure. This is
considered an appropriate method of imputation for thisamount
of missing data[49]. For caseswith greater than 23% of missing
items on ameasure, the measure was considered missing entirely
and excluded from analyses.

Analyseswere conducted in SPSSversion 25 (IBM Corp), with
an apriori alphalevel of .05. To assess for potential attrition
biases, we compared participant characteristics and scores on
baseline and postintervention outcome measures between those
who completed 12-month follow-up assessments and those who
did not. Independent samplest tests (for continuous variables)
and chi-square analyses (for categorical variables) were used
for these analyses. We al so examined potential group differences
infollow-up actionstaken for adol escentswho reported el evated
symptoms at postintervention.

Primary and secondary outcome analyses were conducted on
anintention-to-treat basis, using mixed-model repeated measures
(MMRM), with an unstructured covariance matrix. MMRM
uses al the available data from all the participants, including
those who withdrew from follow-up assessments [50]. It is a
preferred anal yti ¢ approach for repeated-measures designswhen
data are considered missing at random or missing completely
at random [50,51]. As our hypotheses related to change from
baseline to 12-month follow-up, we specified planned contrast
tests of the group x measurement-occasion interaction from
baseline to 12-month follow-up, within the overall group x
measurement-occasion mixed model. This was the primary
result of interest. Pairwise comparisons between groups at trial
endpoint (12-month follow-up) were aso examined. Cohen d
effect sizes with 95% Cls are reported for all analyses.

Owing to the positive skew of model residuals for the SCAS
and SMFQ at all occasions, a square-root transformation was
applied, which improved the distribution of residuals. All
analyses were repeated using the transformed data to check
robustness of the results. For most analyses, the results did not
change with transformation. When the results did differ, the
overall conclusions were made by considering the findings
based on both raw and transformed data. For ease of
interpretation, raw data have been plotted, with footnotes to
indicate where results differed with transformation.

To assess for potential mediation of intervention effects on
adolescent symptoms by change in parenting, we conducted
simple mediation analyses using the PROCESS macro for SPSS
[52,53]. Separate mediation modelswererun for each symptom
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measure (ie, outcome variable), with 5000 bootstrap samples
for bias-corrected bootstrap 95% Cls. In each model, group
(coded as 0= control, 1=intervention) was entered as the
predictor variable, 12-month symptom measure score as the
outcome variable, and postintervention PRADAS score as the
mediator variable. Baseline PRADAS and baseline symptom
measure score (corresponding to the outcome variable) were
entered as covariates.

Finally, we conducted post hoc moderation analyses to explore
moderation of intervention effects of adolescent age, gender,
and baseline symptoms on outcomes. For age and baseline
symptoms, the continuous moderator variable (ie, child age at
registration or baseline symptom score) was added to the mixed
model as a covariate, including a 3-way interaction term (ie,
group x measurement-occasion x moderator) whose significance
constituted a test of a differential effect of the moderator on
outcome of the intervention. Significant moderation effects
were interpreted using estimated marginal means plotted for
values of the covariate (ie, moderator variable) at its 25th and
75th percentile at baseline in the sample. To minimize shared
method variance effects for moderation analyses using baseline
symptom measures, we used the symptom measure reported by
the opposite informant as the moderator variable (eg, for the
outcome of SMFQ-P, baseline SMFQ-C score was used as the
moderator). For the parenting measures, we conducted 2
moderation analyses, with each of the symptom measures (SCAS
and SMFQ, opposite informant to outcome measure) entered
in separate models. Moderation by child gender was assessed
in a similar manner using gender as an additional factor rather
than as a covariate.

Results

Sample Characteristics

The sample's characteristics have been reported in detail
elsawhere [34] and included in Multimedia Appendix 3. Parent
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participants were predominantly female (87.2%), were married
or inadefacto relationship (76.6%), were employed full or part
time (86.6%), spoke English astheir primary language at home
(84.1%), were from an intact family situation (70.5%), and had
tertiary-level education (58.2%). Parents had a mean age of
45.15 years (SD 5.20) and their adolescents (55.4% male) had
amean age of 13.68 years (SD 1.06). In addition, 59.1% of the
parents reported having a current or past history of mental
illness, whereaslessthan aquarter of adol escents were reported
by their parentsto have acurrent (18.9%) or past (15.9%) mental
health diagnosis.

Attrition

As shown in Figure 1, of the 359 parent participants who
completed the baseline assessments and were randomized, 319
completed postintervention assessments and 317 went on to
complete 12-month follow-up (intervention group n=158, control
group n=159). The number of parents reported to complete
postintervention differs from the origina RCT outcome paper
(previoudly reported as n=318) because of an error detected
when preparing the 12-month data. A parent in theintervention
group was excluded from the original paper because of missing
individual item response data (missing 9 items [12.3%] of the
postintervention PRADAS); however, in this paper, the missing
items were imputed, allowing this participant to beincluded in
the analyses. For adolescent participants, 332 compl eted basdline
assessments, 308 completed postintervention assessments, and
287 compl eted 12-month follow-up. Therefore, the attrition rate
at 12-month follow-up was 11.7% for parents and 13.6% for
adolescents. This did not differ between conditions for parents
(11.7% in each group) or adolescents (intervention group:
13.5%; control group: 13.69%). Figure 1 presentsthe participant
flow diagram.
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Figure 1. Consolidated Standards of Reporting Trials (CONSORT) participant flow diagram. (a) These numbers differ from those published in the
postintervention paper because of errors detected when preparing the 12-month follow-up data.
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We examined demographic characteristics and scores on
baseline and postintervention measures between participants
who completed 12-month follow-up and those who did not.
There were no differences on any baseline measures between
completers and noncompleters nor were there differences in
parent or child demographic characteristics, with the exception
of parent education level. Parents who completed the 12-month
assessment were more likely to have tertiary-level education
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+ Adolescents with baseline, 3month, and 12-
month data (n=146)

than those who did not (x?;, [N=359]=9.9; P=.002). In addition,
adolescents of parents who completed the 12-month follow-up
had significantly higher PRADAS-A scores (mean 23.94, SD
6.20) at postintervention compared with adolescents of parents
who did not complete 12-month follow-up (mean 21.05, SD
684, t(306):205! P:04)
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Time Interval Between Assessments

The mean time interval between parent baseline and 12-month
follow-up was 385.71 days (SD 19.16, median 380.04, range
361-487 days), and the mean interval between parent
postintervention and 12-month assessments was 266.66 days
(SD 35.43, median 273.92, range 86-366 days). For adol escent
assessments, the mean interval between baseline and 12-month
follow-up was 376.59 days (SD 13.19, median 371.98, range
362-452) and between postintervention and 12-month follow-up
was 266.41 days (SD 27.91, median 273.97, range 87-315). As
reported in the postintervention paper [34], the wide range in
time intervals was because of a technical error resulting in
delayed postintervention assessments for 59 dyads. The time
intervalsdid not differ significantly between groups (all P>.05).
Therewasan averageinterval of 12.14 days between completion
of the adolescent 12-month assessment and the parent 12-month
assessment (SD 13.18, median 7.16, range 0-57). At 12-month
follow-up, dyadsin the control group had asignificantly shorter
interval between completion of adolescent and parent
assessments (control group: mean 9.94 days, SD 12.22;
intervention group: mean 14.47 days, SD 13.80; t65 54=—2.88;

P=.004).

I ntervention Completion and Adherence

Asreported previously, the mean intended program use by the
intervention group (n=179) was 6.85 out of a possible 9
modules. The mean observed usage by the intervention group
was 5.17 modules [34]. At the time of data extraction for this
paper, parents in the intervention group had completed an
average of 73.7% of their selected program. Intervention
adherence in the intervention group was 44.1% (n=79 parents
whose observed usage equaled their intended usage). During
the follow-up period (from 3-12 months postbaseline), 12 of
the 179 intervention-group parents (6.7%) accessed a mean of
2 modules (range 1-8, SD 2). In the control group, 33 of the
180 parents (18.3%) accessed amean of 2 factsheets (range 1-4,
SD 1.20).

Primary Outcome Measure 1: Parenting to Reduce
Adolescent Depression and Anxiety Scale

Observed scoresfor al outcome measures at each measurement
occasion are presented in Multimedia Appendix 4. Table 2
displays the planned contrast results of the group x
measurement-occasion interaction from baseline to 12-month
follow-up for al primary and secondary outcome analyses. As
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shown in Table 2, there was a significant group-by-time
interaction for the PRADAS, t3y517=4.81, P<.001, with the
intervention group showing a significantly greater increase in
PRADAS scoresfrom basdine to 12-month follow-up compared
with controls (see Figure 2). The effect size of the interaction
was medium (Cohen d=0.51; 95% CI 0.30 to 0.72). Pairwise
comparisons of the 2 groups at 12-month follow-up also
indicated asignificant group difference (F; 347 ,7=4.11; P=.04),
although the effect sizewas small (Cohen d=0.21; 95% CI —-0.01
to 0.43).

Primary Outcome Measures 2 and 3: Adolescent Anxiety
and Depression Symptoms

Asshownin Table 2 and Figure 3, there was asignificant group
X measurement occasion interaction from baselineto 12-month
follow-up for the SMFQ-P, when transformed data were used
(Cohen d=-0.21; see MultimediaAppendix 5for MMRM results
ontransformed data). However, when analyseswere run on raw
data, there was no significant interaction for any of the symptom
measures (all P>.05). Using transformed data, there was a
significant main effect for time over the 3 measurement
occasionsfor the SCAS-P, SCAS-C, and SMFQ-P (all P<.001)
but not for the SMFQ-C (P=.12). When raw data were used,
there was a significant main effect for time for all symptom
measures (SCAS-P and SMFQ-P, P<.001; SCAS-C, P=.001;
SMFQ-C, P=.009; see Figure 3). For the parent-reported
measures, both groups showed a significant reduction from
baseline to postintervention, after which the groups appeared
to diverge from postintervention to 12-month follow-up (see
Figure 3). On the SMFQ-P, the increase from postintervention
to 12-month follow-up was significant for the control group
(only on raw data), whereas the intervention group remained
stable (no significant difference between 3 and 12 months). The
reduction from baseline to 12-month follow-up was significant
for both groups on the SCAS-P, aswell asfor the intervention
group on the SMFQ-P and the control group on the SCAS-C.
When transformed, the reduction from baseline to 12-month
follow-up was aso significant for the control group on the
SMFQ-P and the intervention group on the SCAS-C. On the
SCAS-C, the control group demonstrated asignificant reduction
from baseline to postintervention (with both raw and
transformed data). Pairwise comparisonsindicated no significant
group differences on any of the symptom measures at any time
point, with both raw and transformed data (all P>.05).
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Table 2. Mixed-model repeated measures planned contrast test of group X measurement-occasion interaction from baseline to 12-month follow-up for
all primary and secondary outcome measures.

Outcome measure  Estimated marginal means (SE) t test (dif)® P value Ginteraction (95% CI)P 012 months (95% C1)°

Intervention Control

Parenting to Reduce Adolescent Depression and Anxiety Scale

Baseline 46.58 (0.57) 47.88 (0.57) _d — — —

12 months 51.68 (0.59) 49.99 (0.61) 4.81 (328.17) <.001 0.51(0.29t00.71) 0.21 (-0.01 t0 0.43)
Parenting to Reduce Adolescent Depression and Anxiety Scale—Adolescent Report

Baseline 24.44 (0.44) 24.89 (0.43) — — — —

12 months 23.38 (0.51) 24.16 (0.50) -0.59(297.53) .56 -0.06(-0.28100.15)  -0.13(-0.36 t0 0.11)
Spence Children’s Anxiety Scale—Parent Report

Basdline 17.99 (0.90) 18.51 (0.90) — — — —

12 months 13.72 (0.95) 15.64 (0.94) -1.28(321.37) .20 -0.14(-0.37t00.08)  -0.12(-0.34100.10)
Spence Children’s Anxiety Scale—Child Report

Baseline 28.73 (1.36) 30.20 (1.33) — — — —

12 months 27.20 (152) 26.56 (1.49) 1.36(294.14) .18 0.16 (-0.07 to 0.39) 0.04 (-0.19t0 0.27)
Short Mood and Feelings Questionnaire—Parent Report

Basdline 5.07 (0.40) 4.75 (0.40) — — — —

12 months 3.48 (0.40) 4.21(0.40) -1.88(329.02) qge -0.21(-042t00.01)  -0.14 (-0.36 t0 0.08)

Short Mood and Feelings Questionnaire—Child Report
Baseline 6.16 (0.47) 6.40 (0.46) — — — —
12 months 7.06 (0.58) 7.08 (0.57) 0.33(296.86) 0.74 0.04 (-0.19t0 0.27) -0.01 (-0.24t0 0.22)

& statistic of the planned contrast test of group x measurement-occasion interaction from baseline to 12-month follow-up, estimated under the group x
measurement-occasion mixed model.

bCohen d effect size of the group x measurement-occasion interaction from baseline to 12-month follow-up, calculated based on the t statistic of the
planned contrast. Negative effect size indicates greater reduction in scores from baseline to 12-month follow-up in the intervention group compared
with the control group.

®Cohen d effect size of the difference between groups at 12-month follow-up. Negative effect size indicates lower scores in the intervention group
compared with the control group.

dNot applicable.
®Becomes statistically significant with square-root-transformed data: t(304.98)=—2.04; P=.04; d=-0.21 (95% Cl -0.42 to -0.01).
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Figure 2. Estimated marginal means for Parenting to Reduce Adolescent Depression and Anxiety Scale (PRADAS) and PRADAS—Adolescent
(PRADAS-A) Report scores at baseline, postintervention (3-months postbaseline), and 12-month follow-up, estimated under the group x
measurement-occasion mixed model. Error bars represent SEs. Higher scores on the PRADAS and PRADAS—Adolescent Report indicate greater
concordance with the parenting guidelines (ie, more protective parenting factors and fewer parenting risk factors). Planned contrast of interaction
(basdline to 12 months) was significant, P<.001. Pairwise comparison of group difference at 12-month follow-up was significant, P=.04.
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Secondary Outcome Measure: Parenting to Reduce
Adolescent Depression and Anxiety Scale—Adolescent
Report

The planned contrast of the group x measurement-occasion
interaction from baseline to 12-month follow-up was not
significant for the PRADAS-A (see Table2 and Figure 2). There
was asignificant main effect for time, with both groupsreporting
significantly reduced PRADAS-A scores over the 3 occasions:
F(2.207.99=9.27; P<.001. However, the comparisons of group
differences at each occasion were not significant (all P>.05).

Mediation Analyses

Mediation analyses reveal ed that the indirect effect of group on
12-month SMFQ-P via postintervention PRADAS was
significant (indirect effect b=—0.08; 95% Cl -0.16 to -0.01)
when transformed symptom data were used. However, no
significant mediation was found for any of the 4 symptom
measures when using raw data (all P>.05; see Multimedia
Appendix 6 and Table 1).

Post Hoc M oderation Analyses

Parental Concordance With the Guidelines (Parenting
to Reduce Adolescent Depression and Anxiety Scaleand
Parenting to Reduce Adolescent Depression and Anxiety
Scale—Adolescent Report), Moderated by Baseline
Symptom Levels

Results of the PRADAS moderation analyses suggested that
neither child anxiety (SCAS-C) nor depression (SMFQ-C)
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symptoms at baseline moderated intervention effects on parent
reports of parenting (P>.05; see Multimedia Appendix 7). For
adol escent reports of parenting (PRADAS-A), results suggested
that baseline parent-reported anxiety (SCAS-P) moderated
intervention effects on PRADAS-A: F; 596 81)=10.23, P<.001.
Figure 1 in Multimedia Appendix 7 presents the estimated
marginal means of PRADAS-A, with baseline SCAS-P
calculated at the 25th and 75th percentiles. As shown in this
figure, among adolescents whose parents reported higher
baseline SCAS-P scores, adolescents whose parents received
PiP reported a greater reduction in PRADAS-A scores over
time than controls. The analysis of PRADAS-A moderated by
baseline SMFQ-P was not significant (P>.05). Multimedia
Appendix 7 presents the results of these analyses.

Adolescent Depression and Anxiety Symptoms M oder ated
by Baseline Symptom Levels

We conducted separate MMRMs for each of the symptom
measures, moderated by baseline scores on the opposite
informant of the same measure. Of the 4 analyses, only the
model of SMFQ-P moderated by baseline SMFQ-C was
significant: Fp, 295,7=4.40, P=.01. However, as shown in
Multimedia Appendix 7 (Figure 2), this moderation effect may
be attributable to baseline differences.

Adolescent Age and Gender as Moderators

We ran separate MMRMs for al 6 outcome measures,
moderated by adol escent age at baseline and gender (in separate
models). None of the 3-way interactions were significant (all
P>.05; results available from the first author upon request).
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Figure 3. Estimated marginal means for the SCAS—Parent Report (SCAS-P), SCAS—Child Report (SCAS-C), SMFQ—Parent Report (SMFQ-P),
and SMFQ—Child Report (SMFQ-C) estimated under the group x measurement-occasion mixed model. Error bars represent SE. * Planned contrast of
baseline to 12-month group x measurement-occasion interaction effect significant at P<.05 level, when square-root-transformed datawere used. SCAS:
Spence Children’s Anxiety Scale; SMFQ: Short Mood and Feelings Questionnaire.
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Principal Findings

Parent Reports of Parenting

ThisRCT eva uated the medium-term effects of PiP. Consistent
with our hypothesis, when compared with parents who received
an educational-factsheet control intervention, parents who
received PiP reported greater improvements in their parenting
behaviorsfrom baselineto 12 months|ater. Theseimprovements
represent reductions in parental risk factors and increases in
parental protectivefactorsfor adolescent depression and anxiety
[26,38]. Notably, the effect was medium in size, similar to that
found at postintervention [34]. This suggests that the effect of
PiP on parenting factors was maintained up to 9 months after
theintervention and reducesthelikelihood of social desirability
and learning or priming effects (eg, receiving PiP alerts parents
to good parenting, which influences their responses to the
PRADAS at postintervention). The observed medium-term
effect was despite minimal access to PiP modules by parents
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maintenance of effectsis unlikely because of booster effects.

Adolescent Symptoms

Contrary to expectations, at 12-month follow-up, there was no
robust indication that PiP significantly reduced adolescent
depression and anxiety symptoms as reported by either parents
or adolescents, compared with the active-control intervention.
Thisislargely consistent with findings at postintervention [34],
suggesting that the effect of PiP on parent-reported parenting
did not trandate into significant reductions in adolescent
symptoms compared with an active control. The effect of PiP
on parent-reported depressive symptoms was significant (with
a small effect size) when the analysis was conducted using
transformed data, but it only approached significance when
based on raw data. This suggests that PiP may lead to greater
reduction in adolescent depressive symptoms than the control
intervention, but given that this parent-reported finding was not
verified by adolescent reports or other objective measures, the
efficacy of PiP on adolescent depressive symptoms remains
inconclusive. Nonethel ess, therewasasimilar pattern of change
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over time for both parent-reported depression symptoms and
anxiety symptoms, whereby theintervention and control groups
appeared to diverge after postintervention, with symptoms
among the intervention group remaining stable, whereas
symptoms in the control group started to increase over time.
The pattern of change in the control group reflects an increase
in depressive symptoms that is commonly seen in
epidemiological research as adolescents approach mid-to-late
adolescence, when the onset of depression and some anxiety
disorders peaks [1]. A longer-term follow-up is required to
ascertain whether these findings persist and demonstrate a
long-term preventive effect of PiP.

It is possible that the use of an active control in this study,
although a methodological strength, may have obscured the
benefits of PiP on adolescent internalizing outcomes. Although
the educational factsheets in the control intervention did not
provide specific personalized parenting strategiesin an engaging
format (like PiP), they did provide credible information on
adolescent development and general advice for parents about
how they can best support their adolescent’s development and
well-being. For a highly educated and motivated sample of
parents, this may be sufficient to produce the improvement in
parenting observed in the control group, albeit to aweaker extent
than theintervention group, which was maintained at 12-month
follow-up. In turn, theimprovement in parenting in both groups
may explain the significant reduction in reported symptoms
(except adolescent-reported depressive symptoms) over time
in both groups and, hence, the nonsignificant group difference
in change over time. This is notable because many preventive
interventions for adolescent internalizing disorders that have
demonstrated significant effects were compared with nonactive
or no-intervention control groups[18,54]. Although thisstudy’s
findings do not support the hypothesized superiority of PiP over
an active control condition, it is notable that such brief,
self-guided online parenting interventionswere able to produce
significant reductions in adolescent depressive and anxiety
symptoms over time. These findings are promising given the
scalability of PiP and the argument that even small reductions
in mental health symptoms at theindividual level could translate
to significant population health benefits [55].

Adolescent Reports of Parenting

Contrary to expectation, asignificant improvement in parenting
was not seen in adolescent reports. This is consistent with
findings at postintervention [34], suggesting that the effect of
PiP on parent-reported parenting did not trand ate into adolescent
perceptions of parenting. Though the discrepancy in findings
involving parent-reported versus adol escent-reported parenting
is notable, it concurs with most previous research involving
parent and adolescent informants of parenting [56]. The PiP
intervention components were tailored based on parents
responses to the PRADAS, without taking into account the
adolescents perspective (ie, their responsesonthe PRADAS-A).
In particular, to personalize the feedback report for each parent
and to identify the modules to recommend to the parent, PiP
uses the parent’s responses on the PRADAS to identify their
strengths and areas from improvement. As such, insofar as the
parent and adol escent perceptions of parenting differ, PiP may
have targeted some parenting behaviors not perceived by
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adolescents to need improvement and failed to target other
parenting behaviorsthat from the adol escent’ s perspective, need
improvement. Post hoc analyses of 334 parent-adol escent dyads
in this sample who completed the PRADAS and PRADAS-A
support this possibility. On the basis of parent reports only, a
mean of 6.71 modules (SD 1.53, range 1-9) were recommended,
and amean of 26.63 feedback messages (SD 7.81, range 7-60)
were provided to parents. If the adolescents’ perspectives were
also taken into account, the mean number of modules
recommended would have increased to 7.94 (SD 1.06, range
4-9), and a mean of 35.27 (SD 7.67, range 17-65) feedback
messages would have been provided. Future researchisrequired
to examine whether tailoring PiP to both parent and adolescent
perspectives of parenting can enhance the effects of PR
especialy on adolescent-reported parenting and symptom
outcomes.

Divergence in parent and adolescent reports of parenting,
especialy during early adolescence, is well established and
considered to be normative in the developmental literature [56].
From a developmental perspective, maturational processes
during adolescence, such as autonomy seeking and
individuation, may mean that parents and adol escents experience
their interactions differently [57]. Nonetheless, it remains
possiblethat parents’ perceived improvementsin their parenting
were not observed by their adolescents up to 9 months after the
intervention because parent-reported parenting changes did not
trandlate into tangible behavioral changes observed by the
adolescent. More recently, researchers have underscored the
value of examining the degree of parent-adolescent discrepancy
as a window into the dynamics of the parent-adolescent
relationship and its associations with adolescent development
and adjustment [58]. Further research is required to examine
whether parent-adolescent discrepancies in perceptions of
parenting may account for or moderate the effects of the PiP
intervention on adolescent symptom outcomes.

Mediation and Moderation Analyses

Results from the mediation analyses were generally consistent
with the above findings. Only the mediation hypothesis for
parent-reported adol escent depressive symptoms was supported
when using transformed data, whereby PiP compared with the
control intervention led to greater improvements in
parent-reported parenting from baseline to postintervention,
which led to greater reductions in parent-reported adolescent
depressive symptoms from baseline to 12-month follow-up.
Consistent with the parenting pathway proposed by Sandler et
al (2011), thismediation suggeststhat PiP’ s effects on parenting
may account for alonger-term benefit on adolescent depressive
symptoms. Future research isrequired to examine whether this
preliminary finding would be corroborated by other measures
of adolescent functioning, such as school engagement and
academic performance.

In our post hoc moderation analyses, the moderation effect of
adolescent-reported baseline depressive symptoms found at
postintervention [34] emerged again, suggesting that among
adol escentswith elevated depressive symptoms at baseline, PiP
was more effective than the control in reducing parent-reported
depressive symptoms. However, upon probing, it appears that
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the interaction effect may be largely accounted for by baseline
differences between intervention and control groups. Hence, it
remainsto be ascertained whether the moderation effect supports
the utility of PiP asanindicated prevention program. Adolescent
age and gender did not significantly moderate intervention
effects, suggesting that PiP's effects may be similar across
early-to-mid-adolescence and for male and femal e adol escents.

Comparison With Previous Work

On the basis of the findings of a recent systematic review of
technology-assisted preventive parenting interventions [27],
PiP is the only online intervention aimed at preventing
adolescent internalizing disorders. According to Yap et d's
review [18], the only other universal preventive intervention
for parents of adolescentsis Tuninginto Teens(TINT), agroup
parenting program targeting emotion socialization [19]. In an
RCT comparing TINT with ano-intervention control [19], TINT
was found, at about 9 months postintervention, to produce a
moderately large effect on parent-reported parenting, a
small-to-medium effect on adolescent-reported parenting,
small-to-medium effects on anxiety symptoms (small effect
based on adol escent reports, small-to-medium based on parent
reports), and a small-to-medium effect on parent-reported
depressive symptoms (nonsignificant effect based on adol escent
reports). A few observations are notable when comparing TINT
with PiP, taking into consideration the differences in the
comparison group (no-intervention versus active control,
respectively) and modality of the intervention (face-to-face vs
Web-based). First, the effects of PiP on parent-reported
parenting compare favorably with those of TINT. Second, the
Web-based self-guided modality of PiP may not provide an
adequate intervention to produce changesin parenting behavior
that are noticeable by adolescents, to in turn produce robust
reductions in their internalizing outcomes. In contrast, the
higher-intensity modality of TINT provides opportunities for
parentsto practice and discusslearned parenting behaviorswith
the facilitators and other parents, which may consolidate their
learning into tangible changes in their behaviors when
interacting with their adolescents. Further research is required
to investigate whether a more-intensive, guided version of PiP
(eg, providing additional coaching support via phone or
videoconferencing; [26]) can yield stronger and more robust
benefits on adolescent internalizing outcomes and
adol escent-reported parenting.

The findings of PiP's effects to date share some similarities to
those of other preventive parenting interventions that found
devel opmental cascading effectsat long-term follow-up (at least
5-6 years postintervention [35,37]). Specificaly, intervention
effects on parenting were found at postintervention and
maintained into the 12-month follow-up; effects on adol escent
depressive symptoms were observed at postintervention only
among adol escents with el evated symptoms at baseline, but by
the 12-month follow-up, the effect of PiP on depressive
symptoms appeared to be emerging across the randomized
sample, albeit not robustly. The earlier follow-up assessments
for the New Beginnings [35] and Family Check-Up [37] RCTs
had similarly promising but inconclusive findings, yet their
subsequent follow-up assessments then found significant
long-term benefits of the programs across various functioning
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domains. As such, a longer-term follow-up of this RCT is
warranted to test whether PiP has developmental cascading
effects on adolescent outcomes in late adolescence and early
adulthood.

Strengthsand Limitations

This study had various strengths. It evaluated a world-first
tailored Web-based parenting intervention to prevent adol escent
internalizing problems, using a rigorously designed RCT with
an active control group, parent and adolescent informants on
all outcomes of interest, low attrition rates that are balanced
across groups, and high intervention completion. However,
various limitations merit comment. First, despite successfully
recruiting a large community sample, there was
overrepresentation by mothers and highly educated parents.
Although thisis alimitation shared by most online preventive
parenting interventions [27], it urgently needs to be redressed
so that the dissemination of evidence-based onlineinterventions
does not perpetuate the exclusion of fathers and of parentsfrom
vulnerable or disadvantaged backgrounds, inadvertently
contributing to the widening of social inequalities in health
between families of higher versuslower socioeconomic positions
[59]. Second, for reasons of parsimony, this study only included
1 parent and 1 adolescent per family. Nonetheless, we
encouraged parent participants who had a co-parenting partner
to share and discuss the resources they received to enhance
consistency in co-parenting. It remains to be seen whether
providing both parents with the intervention will yield
synergistic benefits, as suggested by previous research [60].
Third, parents were allowed to participate in the trial if their
adolescent declined participation, resulting in asmall subset of
our sample (37/359, 10.3%) without data on self-reported
adolescent symptom outcomes. We chose to have inclusive
eligibility criteriato capture a more representative and diverse
sample, given the pragmatic design of thetrial. Thus, the small
loss of datais outweighed by the greater generalizability of our
findings to a real-world implementation setting, where
adolescents would not be required to participate with their
parent. Fourth, this study did not include behavioral measures
of parenting or other measures of adolescent functioning
outcomes, including quality of life, school engagement, and
academic achievements, as well as measures of
cost-effectiveness. Future research using these measures will
provideinsightsinto whether PiP produces changein objectively
measured parenting behaviors and yields broader benefits for
adolescents beyond the reduction of internalizing symptoms.
Evidence of its cost-effectivenessisal so important for advancing
the prevention agenda, given that prevention research and
interventions are still largely underfunded even in developed
countries, including Australia [61]. Fifth, we assumed that
adolescents were unaware of their parent’s group allocation,
but we did not implement checks to verify the blinding nor did
we ask parentsto conceal their program from their adol escent.
Finally, given that the onset of depression and some anxiety
disorders peaks in mid-to-late adolescence, a longer-term
follow-up examining cases of disorder isrequired to adequately
test whether PiP can prevent the onset of depression and anxiety
disorders across adolescence and into early adulthood. Such
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evidenceis notably lacking in preventive parenting intervention
research [18,27].

Conclusions

Overdll, this study found that the PiP intervention produced
significantly greater improvements than an active control in
parenting risk and protective factors associated with adol escent
risk for depression and anxiety. The effects persisted for up to
9 months postintervention, reducing the likelihood that they
were due to social desirability or short-term priming effects.
Findings from the analyses using transformed data and from

Yap et d

mediation analyses suggest that PiP may have some benefits
for adolescent symptoms that need to be ascertained in future
research. However, parent-reported changes in parenting were
not reported by adolescents, and there were no robust findings
with regard to reductionsin adol escent symptoms. Nonethel ess,
significant reductions in adolescent symptoms were observed
over time in both groups. Given these promising findings, the
paucity of evidence-based resourcesfor parents of adol escents,
and the scalability of the Web-based platform, PiP may be useful
as a low-cost, sustainable public health universal prevention
program to empower parentsfor their adolescents mental health.
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Abstract

Background: Digital healthis poised to transform health care and redefine personalized health. As Internet and mobile phone
usage increases, as technology develops new ways to collect data, and as clinical guidelines change, all areas of medicine face
new challenges and opportunities. Inflammatory bowel disease (IBD) isone of many chronic diseasesthat may benefit from these
advancesin digital health. Thisreview intendsto lay afoundation for clinicians and technol ogists to understand future directions
and opportunities together.

Objective: Thisreview covers mobile health apps that have been used in IBD, how they havefit into aclinica care framework,
and the challenges that clinicians and technologists face in approaching future opportunities.

Methods: We searched PubMed, Scopus, and Clinical Trials.gov to identify mobile apps that have been studied and were
published in the literature from January 1, 2010, to April 19, 2019. The search terms were (“mobile health” OR “eHealth” OR
“digital health” OR “smart phone” OR “mobile app” OR “mobile applications’ OR “mHealth” OR “smartphones’) AND (“1BD”
OR “Inflammatory bowel disease” OR “Crohn's Disease” (CD) OR “Ulcerative Colitis’ (UC) OR“UC” OR “CD"), followed by
further analysis of citationsfrom the results. We searched the AppleiTunes app storeto identify alimited selection of commercial
apps to include for discussion.

Results: A total of 68 articles met theinclusion criteria. A total of 11 digital health apps were identified in the literature and 4
commercia apps were selected to be described in this review. While most apps have some educational component, the majority
of appsfocus on dliciting patient-reported outcomes related to disease activity, and afew are for trestment management. Significant
benefits have been seen in trials relating to education, quality of life, quality of care, treatment adherence, and medication
management. No studies have reported a negative impact on any of the above. There are mixed results in terms of effects on
office visits and follow-up.

Conclusions: While studies have shown that digital health can fit into, complement, and improve the standard clinical care of
patientswith IBD, thereis aneed for further validation and improvement, from both aclinical and patient perspective. Exploring
new research methods, like microrandomized trials, may allow for more implementation of technology and rapid advancement
of knowledge. New technologies that can objectively and seamlessly capture remote data, as well as complement the clinical
shift from symptom-based to inflammation-based care, will help the clinical and health technology communities to understand
the full potential of digital health in the care of IBD and other chronic illnesses.

(J Med Internet Res 2019;21(8):€14630) doi:10.2196/14630
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Introduction

Digital health technol ogies—tools leveraging mobile phones,
tablets, Web platforms, and wearables to improve health
outcomes—are rapidly changing the practice of medicine and
redefining approaches to health care. By the end of 2018, 67%
of theglobal population (5.1 billion people) subscribed to mobile
Internet services, a number expected to increase to 71% (5.8
billion people) by 2025 [1]. In 2013, the Pew Research Center
showed that 72% of Internet usersin the United States searched
for health information the previous year, with 35% admitting
to using the Internet to try to determine their own or someone
else’'s medical condition [2].

More specifically, Makovsky’s Pulse of Online Health in 2015
found that 66% of the US population reported interest in using
mobile apps to manage their health [3]. Accordingly, in 2017
over 325,000 mobile health-related apps were commercialy
avalable for download, a 25% increase from 2016 [4].
Unfortunately, reviews of these commercially available health
apps frequently lack an evidence base or adherence to
guidelines, with very few going through clinical trials [5,6].
Moreover, clinical research has struggled to study and define
clinical guidelines for the new data collected [7-9], even with
exciting opportunities to engage hard-to-reach populations and
provide innovative care [10]. Over 50% of individuals in
developed countries have at least one chronic disease [11], and
about one-fourth of them experiencelimitationsin their activities
of daily living [12].

One such chronic disease, inflammatory bowel disease (IBD),
which is composed of Crohn’s disease (CD) and ulcerative
colitis (UC), iswell-situated for technological intervention. By
engaging, educating, and monitoring patients, technology can
help us understand and improve care in a disease that presents
uniquely ineachindividual. IBD hasa0.5% prevalencefor both
CD and UC in the western world [13], a number expected to
increase globally, with specific spikes in certain populations
[14]. IBD is relapsing and remitting in nature, with disease
exacerbations (ie, flares) being a key driver of the acute need
for medical care [15] and having a negative impact on quality
of life (QoL) [16]. Treatment is unique to each patient’s
circumstance, including self-monitoring and behavioral
interventions[17,18]. Some long-term intestinal complications
of CD include strictures, fistulas, and abscesses [19,20]; some
long-term intestinal complications of UC are perforation, colitis,
colonic strictures, and colorectal cancer [20-23].

The Selecting Therapeutic Targets in Inflammatory Bowel
Disease (STRIDE) recommendations and the CALM trial have
sparked significant changesin clinical management, suggesting
that resolution of symptoms alone is not a sufficient outcome;
objective evidence, such asfecal calprotectin (FC) or C-reactive
protein, is also necessary to guide clinical decisions [24,25].
Using the objective marker, FC, and patient symptomsto guide
therapeutic decisions, 46% of patientsinthe CALM trial reached

http://www.jmir.org/2019/8/e14630/

mucosa healing after 48 weeks compared to 30% of control
subjects [25]. As aresult, the goals of treatment are evolving
from symptom-based to inflammation-based (ie, symptom and
biomarker) control to slow or even reverse disease progression.
Due to this shift, patients and providers are challenged to find
new ways to engage in monitoring, set goalsfor treatment, and
discuss longitudinal care. Digital health can help close these

gaps.

Prior reviews have discussed both clinicaly tested and
commercialy available digital health interventionsin IBD by
listing out apps or discussing the variouskinds of technological
interventions [26-29]. This review includes some new digital
health apps and will focus on how they have fit into clinical
care. By highlighting areas where they have been tested and
shown promise in the clinical flow, this review builds the
foundation for clinicians and technologists contemplating new
appsin IBD.

Methods

Scoping Review

Scoping reviews embrace systematic discovery and selection
of literature to elucidate and summarize the depth and breadth
of afield of interest. One of the benefits of creating thisreview
is to allow commentary regarding potential gaps or areas for
innovation. Given this background, we believed a scoping
review was most appropriate, using the most current guidelines
to (1) identify the research question, (2) identify relevant studies,
(3) select relevant studies, (4) chart the data, and (5) collate and
summarize the results [30,31].

Development of Research Questions

The research questions were as follows: What digital health
apps have been described in the published literaturein the setting
of IBD? How have these apps complemented or been used in
current clinical practice?

Identifying Apps Discussed in Published Literature

The literature was reviewed using PubMed, Scopus, and
ClinicalTrials.gov for articles or trials published from January
1, 2010, through April 19, 2019; published articles and trials
wereaccessed on April 19, 2019. The search termswere“mobile
health” OR “eHealth” OR “digital health” OR “smart phone’
OR“mobileapp” OR “mobileapplications’ OR “mHealth” OR
“smartphones’ AND “I1BD” OR “Inflammatory bowel disease’
OR “Crohn's Disease” OR “Ulcerative Calitis" OR “UC” OR
“CD". Only English-language articles were included. The
Scopus search included titles, abstracts, and keywords. The
PubMed search included the entire paper and excluded “UC”
and “CD” in the search terms. The Clinical Trials.gov search
included studies containing these terms. All papers were
reviewed by the first author of this paper (ALY), with
consultation from other authors when necessary.
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Identifying Commercially Available Apps

The iTunes iOS app store was reviewed to find a selection of
commercial apps for the purpose of discussion and recognition
of the large consumer market that patients face. As the review
of commercial apps was not intended to be exhaustive, Google
Play and other app stores were not explored. The search terms
“inflammatory bowel disease,” “crohn’s disease,” “ulcerative
colitis,” and “colitis” were used to identify potential apps; the
iTunes iOS app store was last accessed on April 30, 2019.
Considering the desired length and scope of this review, a
restricted number of apps were included. These were selected
based on top search hits in the app store, which reflect
commercia apps that have historically been used most [29].

Article Selection

Thetitlesand abstracts of al hits were reviewed. Articleswere
included if they explored the use of adigital health intervention
in the care of IBD, or CD or UC specificaly. Citations of
included articleswerethen al so screened for additional relevant
articles or apps. Articles were excluded if they did not involve
IBD, CD, or UC. They were excluded if they discussed
teleconferencing or video chatting as the sole intervention, as
this was decided to be out of the scope of the review.

" ou

Data Charting

The articles were organized according to the apps that they
described. Each app was assessed for how it addressed any of
five identified areas of clinical care: education, monitoring,
treatment, follow-up, and patient satisfaction.

Yineta

Collation and Summary

We summarize and present the rel evant features of the apps by
breaking them into the five areas of clinical care identified,
providing aframework for each of these areas. The goal of the
scoping review was to summarize the depth and breadth of
digital health apps that have been used in IBD clinical carein
order to provide afoundation for discussion for physicians and
technologists to pursue future opportunities.

Results

Overview

The Scopus search yielded 227 hits. The PubMed search
returned 168 hits. Search of Clinical Trials.gov returned 12 hits.
This totaled 407 hits from the three databases. A total of 39
duplicates were identified. The titles and abstracts of the
remaining 368 articles were reviewed; 68 were identified to
meet theinclusion criteriaand were examined fully, after which
28 articles were selected (see Figure 1). Exploring citations
revealed further information to be included. In total, 11 digital
health apps and 4 commercial apps were included.

The five areas of clinical care discussed are education,
monitoring, treatment, follow-up, and patient satisfaction. The
sections below provide an overview of each area, areview of
the clinically studied apps, and areview of asmall selection of
commercialy available apps. An overview of each clinically
studied app and the trials’ significant findings can be found in
Table 1 [26,32-55]. An overview of each commercia app can
be found in Textbox 1 [56-59]. An overview of the features of
each app asrelated to clinical care can befound in Tables2 and
3.

Figure 1. Selection process for articles about inflammatory bowel disease (IBD) digital health apps.
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Table 1. Overview of clinically studied apps.

Yineta

App (samplesize)  Feature highlights

Significant findings from trials

Constant Care .

(n=333, n=95, and
n=17) [32-35]

Young Constant .
Care

(n=50) [36,55]

HeathPROMISE
(n=320) [37-41]

IBD-live .
(n=84) [42,43]

mylBDcoach .
(n=909) [44,45]

Telemonitoring of
Crohn’sDisease and
Ulcerative Calitis .

(TECCU)

(n=63) [46,47] *
TELE-IBD .
(n=348 and n=219)
[48-50] .

TrueColours UC o
(n=66) [51]

Weekly disease activity: SCCAI?and FCPresultsare mapped

to “traffic light” color score
Educational modules
Portal for providers

Same as Constant Care, with one change: disease activity

measured with Pediatric Crohn’s Disease Activity Index

(PCDAI) or Pediatric Ulcerative Colitis Activity Index (PU-

CAl)

Biweekly disease activity (SIBDQY and QoL (EQ-5DS),

graphically represented over time

Track health items such as vaccines, screenings, etc, to assess

overal Qon
Integrated into medical records

Patients can see the current plan and message their care team

Flarometer portal collects PUCAI or PCDAI and FC at 1- or

3-month intervals

Communication module directly connected to local 1BDY

health team

Questionnaire module with surveys about QoL , absenteeism,

and health care use
Patients and specialists alerted to out-of-range results

Weekly or monthly monitoring modules based on disease

severity

MonitorIBD at Home questionnaire to assess disease activity
el earning (electronic learning) modul e accompanies every

session

Meeting disease activity thresholdswill auto-alert health care

providers

Patients can see their care plan and message their care team

Three-armed randomized controlled trial: control, nurse-as-

sisted telephone care, and app group

App group: additional education, reminders, and prompted

by text to report symptoms

App group: based on reported symptoms, developed alerts
and treatment guidelines delivered to patients through the

platform

Text message about symptoms (HBI M and SCCALI) and medi-

cation side effects

Remote changes in management possibleif aert thresholds

of disease are met

Texts to share information about medications, dosing, and

frequency

Daily monitoring (SCCALI) sent by email, biweekly QoL (EQ-

5D), and monthly FC

“Traffic light” monitoring and presentation of disease state
Ableto input blood, pathology, endoscopy, and histology re-

sults

Treatment guidance given regarding 5-ASAl and topical rectal

medications

«  Fewer outpatient and acute care visits

*  Shorter flares and improved QoL ° and medication
adherence

«  Timely administration of medications

o Individualized infliximab timing without compromis-

ing QoL

o Individualized infliximab timing without compromise
of QoL

«  Fewer dosesgiven and longer average treatment inter-
val

« Improved QoL and QoC over 575 days

»  Fatigue and tension drivers of QoL

«  Patients report more equitable decision making
e 75% dtill use at 6-month follow-up

« Nodifferencein flare occurrence

«  Improvement in QoL, although not reaching signifi-
cance

«  Fewer face-to-face interactions with providers

« Nochangein QoL, flares, acute care visits, and QoC

o Higher treatment adherence

«  Fewer outpatient visits and telephone calls to physi-
cians

«  Fewer hospitalizations

o 94% dtill using at 1-year follow-up

»  Disease activity and remission status improved most
in app-monitored group

« QoL and medical adherence improved in all groups

« Differencesin work productivity and activity impair-
ment did not reach statistical significance

«  Fewer calsand outpatient visitsin app group

« Improved satisfaction in app and control groups

«  Improved disease activity and QoL in controls and
users

o  Decreasein hospitalizations, but increasein electronic
encounters, phone calls, and noninvasive diagnostic
tests

« Nosignificant change in knowledge as measured by

the CCKNOW' after adjusting for confounding vari-
ables

«  Algorithm predicts escaation in therapy with 95%
accuracy

»  Patients reported feeling empowerment, improved
awareness, and communication
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App (sample size) Feature highlights Significant findings from trials
UC HAT/HAT «  Weekly reporting of symptoms, well-being, medications, side «  No differencein QoL, disease activity, or medical
(n=25 and n=47) effects, and weight adherence
[52,53] . t’JVeb'ba%(;bCI“n'C'a" portal " dor oy | 38% (14125 completionin UC HATK

) sers are ableto message their team and print an action plan 91% adherenceto HAT' over 6 months and 86% report

no interference with daily routines

UCLA elBD *  Only available to UCLA® IBD patients +  Correlation of mHI with HBI and partial Mayo score
(=194 UC™ and «  Disease activity monitored with UCLA-developed four- for CD and UC, respectively

n=217 CD") [26,54]

question PROSP (mHI%) with alarms built in at set thresholds
Integrates PROs into medical records
Value quotient measures patient value vs cost over time

Inverse correlation with QoL as measured by SIBDQ

8SCCAl: Simple Clinica Colitis Activity Index.

bFC: fecal cal protectin.
®QoL: quality of life.

dg BDQ: Short Inflammatory Bowel Disease Questionnaire.
®EQ-5D: EuroQol-5 Dimension questionnaire.

fQoC: quality of care.

91BD: inflammatory bowel disease.
PHBI: Harvey Bradshaw Index.
'CCKNOW: Crohn’s and Colitis K nowledge Score.

5. ASA: 5-aminosdlicylate.

KUC HAT: home automated tel emanagement in ulcerative colitis.
IHAT: home automated tel emanagement.

MCD: Crohn's disease.
"YC: ulcerative calitis.

OUCLA: University of California, Los Angeles.
PPRO: patient-reported outcome.

9mHI: Mobile Health Index.
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Textbox 1. An overview of commercia apps and their key features.

Gl Monitor [56]

ibd.care [57]

mylIBD [58]

Oshi [59]

Log symptoms, meals, bowel habits, medications, and mood
Tries to help users make insights into behavior and symptoms

Data can be exported to be shared with physicians

Website with basics of inflammatory bowel disease (IBD), tips for talking with a care team, advice about lifestyle, and insurance tips
Parallel site for physicians to learn about insurance and IBD management

Created by PRIME, arecognized provider of continuing medical education, reviewed by the Academy of Managed Care Pharmacy, and supported
by the Case Management Society of America

Mobile app built to assist pediatric patient transition to adult care

Learn module with videos, articles, and short quizzes

Journey module for input of features related to disease history: diagnosis, physicians, medications, allergies, major events, goal's, symptoms, etc
Access to disease activity questionnaires that can be saved

Roadmap of the illness can be shared with new physicians

Shares wellness and symptom scores and insights related to associations with flares
Tracks symptoms and behavioral information (eg, exercise) and can sync to fitness devices
Learn component has articles, IBD-friendly recipes, and personal stories

Ask component provides a space to message Oshi health professionals

hittp:/Awww.j mir.org/2019/8/e14630/ JMed Internet Res 2019 | vol. 21 | iss. 8 [€14630 | p.164
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Table2. An overview of the features of each clinically studied app asrelated to clinical care.
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App (samplesize)  Clinica carefeatures
Educate Monitor Treatment Follow-up Patient sentiments
Constant Care + Diseasespecific  «  gccal@ HBIP, « Cansuggesttreat- « pyad «  Firsttrial (n=333):
(n=333, n=95, and lecture a onboard- and FCS ment for flaresand 88.8% said system
n=17) [32-35] ing . “Trafficlioht maintenance was feasible and
o elearning (elec- o 9 Portal for preferred using it
tronic learning) System providers to track over standard clin-
modules patients ica care
o eHeathnurse o Secondtrid
« Videoclips (n=95): 100%
were satisfied
o  Thirdtria (n=17):
high satisfaction
Young Constant « elearning mod- *  PUCAI®andPc- * Timingofinflix- «  N/A e 74% of surveys
Care ules DAlf imab maintenance completed over
n=50) [36,55 o eHedthnurse . . therapy the course of the
(n=50) [36.55] . Videodlips . f'f‘gff‘.t aI”.d z‘t’?ght Portal for trial
: ; iclig providers to track
system patients
HealthPROMISE  « N/A * SBDQYandEQ- °*+ NA « Canmessagecare .  Maintained 75%
n=320) [37-41 h team through plat- use at 1-year fol-
( ) [37-41] 5D <Iavery 2.weeks form low-up
*  QoC (vaccina « Appdisplaysplan
tions, and routine of care
check-ups)
o Integrated into
EMR/
IBD-live « N/A o Flarometer (PU- « N/A . Platformindicates «  96% reported
(n=84) [42,43] CAl or PCDAI + when to see care ti mesa_tvings
FC) every 1or 3 team e 71%wished to
months «  Canmessagelocal continue
o Disease state 1BDK team «  Highly compliant
shown to patient through platform patients averaged
and team €360 in annual
savings
mylBDcoach « Interactive « Monthly modules « At symptom « Cancommunicate . Inlargest tria
(n=909) [44,45] el earning mod- about disease, threshold, red flag with their health (n=909), 94% con-
ules medication, satis- nudges hedlth care careteam tinued to use at 1-
faction, and side workertocheckin «  Canview personal year follow-up
effects health plan « Nosignificant dif-
. USGSMlAHI sur- ferencein satisfac-
vey tion vs controls
Telemonitoringof  «  Educational mate- «  Symptoms as- «  Reminders sent « Coudsendmess .  Significantin-
Crohn’sDiseaseand ria created by the sessed through through platform sages through the crease in satisfac-
Ulcerative Colitis researchers re- textsand question- «  Automatic aerts platform to health tion (modified
(TECCU) ceived through the naires to care managers team Client Satisfaction
(n=63) [46,47] platform »  Disease activity Questionnaire)
(HBI for CD™and . E‘O p?}fce'_ved,
SCCAI for UC™) reschesin priver
cy
TELE-IBD o Educationa tips « N/A « Remotechangesin « N/A o 13.9%did not
(n=348 and n=219) delivered through management if complete every
[48-50] text message, both symptom burden other week
about genera ismet e 19%did not com-
health and IBD plete every week
specifically
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App (samplesize)  Clinical care features
Educate Monitor Treatment Follow-up Patient sentiments
TrueColours UC « N/A « SCCAI daily o Guidanceabout5- « N/A « N/A
(n=66) [51] + EQ-SDevery2 ASA® dose and
weeks topical rectal med-
«  FC monthly ications
Index predicting
need for escalation
of therapy
UC HAT/HAT o  Weeklyeducation- «  Weekly symptom Customizedaction «  Optiontomessage «  56% (14/25) com-
(n=25 and n=47) al packages diary, medicati_on plan based on re- their health care pleted UC HATP
[52,53] effects, and weight ported symptoms team . 91%continued use
of HATY over 6
months and 86%
report no interfer-
ence with daily
routines
UCLA elBD « N/A «  Self-developed Automated mess « Contactacoach « N/A
(n=194 UC, 217 four-question sage to coc_)rdir_la through the app
CD) [26,54] PRO" question- tor & certain dis-
naires ease threshold

8SCCAl: Simple Clinical Colitis Activity Index.

bHBI: Harvey Bradshaw Index.

°FC: fecal calprotectin.

IN/A: not applicable.

€PUCAI: Pediatric Ulcerative Colitis Activity Index.
PCDAI: Pediatric Crohn's Disease Activity Index.
9SIBDQ: Short Inflanmatory Bowel Disease Questionnaire.
hEQ-5D: EuroQol-5 Dimension questionnaire.

iQoC: quality of care.

JEMR: electronic medical record.

KBD: inflammatory bowel disease.

'MIAH: monitor IBD at home.

MCD: Crohn's disease.

"UC: ulcerative calitis.

95-ASA: 5-aminosalicylate.

PUC HAT: home automated telemanagement in ulcerative colitis.
9HAT: home automated telemanagement.

"'PRO: patient-reported outcome.

hittp:/Awww.j mir.org/2019/8/e14630/ JMed Internet Res 2019 | vol. 21 | iss. 8 [€14630 | p.166

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Yineta
Table 3. Anoverview of the features of each commercia app as related to clinical care.
App Clinical carefeatures
Educate Monitor Follow-up
Gl Monitor [56] «  N/AR o  Symptom diary: bowel move- «  Can export datato share with

ibd.care [57] * Modules: overview of IBDP, treatment  *
options, choosing therapy, managing
IBD, navigating insurance, and educa-
tion for providers

myIBD [58] «  Teaching videos .

«  Topic-focused articles
o Self-assessments
Oshi [59] o  Educationa articleswrittenby MDs(ie, «
physicians), PhDs, and patients

ments, stress, meals, weight, pain, physician
and medications
N/A « N/A

Can download and complete SIB-  «
DQS, SCCAIY HBI® and PHQ-of

Can share records in app with
provider

Symptom diary: bowel move- .
ments, abdominal pain, overall
well-being, stress, diet, sleep, and  »
exercise

Offersto contact physician if
symptoms change significantly
Ask component allows messaging
of Oshi health professionals

8N/A: not applicable.

bBD: inflammatory bowel disease.

¢sIBDQ: Short Inflammatory Bowel Disease Questionnaire.
dsccAl: Simple Clinical Colitis Activity Index.

®HBI: Harvey Bradshaw Index.

fPHQ-Q: 9-item Patient Health Questionnaire.

Education

After initial diagnosis, patients may learn more about their
disease through interactions with their health team, materials
provided by clinical providers, discussions with family or
friends, or support groups, but the Internet is also a common
source of information. Some physicians encourage patients to
use curated websites as sources of information. Petient education
benefits QoL and continuity of care, reduces patient anxiety
and complications from illness, and increases treatment
adherence [60]. After diagnosis, up to 86% of individuals
diagnosed with a chronic condition will turn to the Internet for
information [61], but it is generally accepted that IBD
information on the Internet may be too hard to read and have
inaccuracies [62-65].

The app mylBDcoach utilizesinteractive el earning (el ectronic
learning) modules about medications, adherence, smoking
cessation, nutrition, symptom management, fatigue, work
productivity, anxiety, and depression [44]. In addition to
eLearning modules, Constant Care gives a disease-specific
lecture during the onboarding process and provides access to
an eHealth nurse and educational video clips. Constant Care
researchers report that this has been valuable in empowering
IBD patients to perform individualized, self-administered
therapy [35]. At the end of 12 months, a study of 333
participants showed significant improvement in general
knowledge about IBD (P<.001) and medications (P=.001) in
the Danish cohort of the study compared to controls, as
measured by the Crohn's and Colitis Knowledge Score
(CCKNOW); however, the same effects were not observed in
the Irish cohort [32,66]. Home automated telemanagement in
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ulcerative colitis (UC HAT) developed its own curriculum based
on materials from the Crohn's and Colitis Foundation of
America (CCFA), providing educational packages with each
weekly check-in [52]. Telemonitoring of Crohn’s Disease and
Ulcerative Colitis (TECCU) produced its own educational and
preventative materials that were incorporated and available on
the platform [46].

TELE-IBD used a text message-based curriculum to send
educational information at various frequencies, providing tips
related to both general (ie, vaccinations and screenings) and
specific (ie, IBD medication side effects) health information.
In a study of 219 participants, patients were randomized to
receive either TELE-IBD messages at different frequencies or
standard of care. Results measured by CCKNOW showed
significant improvement in patients receiving messages every
other week as compared to controls (P=.03) and greater changes
in scoresin participantswith lower baselines (P<.01); however,
after adjusting for race, site, and baseline, researchersfound no
significant changes between control and TELE-IBD groups
[48-50Q].

Of the commercia apps, mylBD, though mainly built for
transition of care between providers, contains a robust
educational component with videos, short articles on many
related topics, and quizzes to assess knowledge [58]. The app
ibd.care is created by PRIME, a recognized provider of
continuing medical education, reviewed by the Academy of
Managed Care Pharmacy, and supported by the Case
Management Society of America. Thisapp coversabroad base
of information about IBD, including basi cs of disease, treatment,
tips for talking with your care team, navigating insurance, and
how to align lifestyle with IBD goals. The site similarly aims
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to educate health care providers about managing patients and
navigating insurance [57]. Many apps direct patients to the
CCFA, where a large breadth of curated IBD information is
available [20].

The apps approach education through learning modul es, videos,
and automated text messages covering a wide array of 1BD
topics. Besides the TELE-IBD study, these apps have acted as
arepository for educational materialsto be accessed by patients
when needed or when the platforms are used, but the materials
are not delivered proactively.

Although education is a common component across almost all
apps, thereisminimal assessment of the information quality or
the value that the information providesto patients. It would be
interesting to assess whether patients using these appsrely less
on unverified sources of information and, asaresult, experience
improvements in treatment adherence, QoL, anxiety, and
complications. With the varieties of technology available,
technologists may be able to engage with physicians to create
more interactive and engaging educational materials that
increase health literacy and empower patientsin managing their
care.

Monitoring

Generally speaking, monitoring a patient’s symptoms occurs
at discrete time points at certain frequencies (ie, they can vary
from every few monthsto every year) through outpatient office
visits, when physicians and patients discuss symptoms
experienced since a prior visit. The subjective reports from
patients and laboratory data may both be collected at thesetime
pointsto monitor the state of apatient’s disease. Understanding
the symptoms that patients experience is a foundational
component of clinical care, but physicians are not aways
effective at collecting thisinformation [67]. One study observed
that health care providers frequently misinterpret reported
symptoms, leading to differences in how the patient and the
physician perceive a patient’s current state [68]. As a further
challenge, the concordance between a patient’s memory of
experience and actual experience of gastrointestina (Gl)
symptoms has been observed to be generally poor [69]. The
insufficient identification and management of IBD flaresisone
reason that many patients have poor outcomes [49)].

Using a Web-based monitoring package, Constant Care maps
symptoms reported through the Simple Clinical ColitisActivity
Index (SCCAI) and Harvey Bradshaw Index (HBI)
questionnaires, along with fecal cal protectin (FC) measurements,
toa“trafficlight” color system, which illustrates disease activity
based on atota inflammatory burden score. Patientswith recent
flarestake the surveysdaily or weekly until they enter the green
zone (ie, remission). Patients aready in the green zone report
symptoms monthly. Studies involving Constant Care have
shown improved QoL, shorter flares, and decreased acute care
and office visits [26,28,32].

HealthPROM I SE tracks patient symptoms and QoL biweekly
using the Short Inflammatory Bowel Disease Questionnaire
(SIBDQ) and the EuroQol-5 Dimension questionnaire (EQ-5D),
respectively. Providers can view the data on a Web-based
dashboard integrated with this provider's electronic medical
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record (EMR). Due to the integration, researchers believe that
in-person office visits can focus more on quality of care (QoC)
as opposed to eliciting symptom history, allowing for more
meaningful goal-focused discussions [37]. In their trial with
320 participants, the results showed fatigue and tension as the
most important drivers of QoL [41], with QoL having
significantly improved for study patients as compared to controls
after 575 days of follow-up [39].

IBD-live is a Web-based app comprised of three modules that
were tested on adolescents. The first module focuses on
monitoring using a flarometer, where patients report disease
activity through the Pediatric Ulcerative Colitis Activity Index
(PUCAI) or the Pediatric Crohn’s Disease Activity Index
(PCDAI) and send an FC sampleto track their status, as mapped
to a“traffic light” system. Patients receive email reminders to
report into the module. In the study, the 84 users of the platform
had no difference in experiencing flares (33% vs 34% in
controls) but showed someimprovement in QoL (+1.32vs-0.32
in controls, measured using the IMPACT-1Il questionnaire,
P=.27) [42,43].

In TECCU, the 21 people in the intervention group were
monitored via an IBD-modified version of NOMHADhome, a
technological system designed for managing chronicaly ill
patients and accessible on computers, tablets, or mobile phones.
Patients reported symptoms by answering questions sent via
text message and accessed questionnaires on the platform to
monitor disease activity, adverse effects, and medication
adherence. Monitoring frequency varied depending on the
therapy plan for each patient, ranging from every week to every
4 weeks. Measurement of disease activity (HBI for CD or
SCCAI for UC), QoL (Inflammatory Bowel Disease
Questionnaire 9), and productivity and activity impairment
(Work Productivity and Activity Impairment questionnaire)
were done at the beginning and the end of the 24-week study.
Researchers observed greater improvement in disease activity
inthe TECCU group compared to standard care, but the results
did not reach statistical significance. QoL and socia impairment
improved significantly in al groups in the study, with no
significant differences between them [46,47].

In astudy with 47 participants, UC HAT used a symptom diary
to elicit information on weekly symptoms, medications, side
effects, and weight. The study did not find significant
improvement in disease activity or QoL over standard care[52].
The app mylBDcoach has a monthly monitoring module to
collect information about disease activity as measured with the
Monitor IBD at Home questionnaire, medication use, treatment
adherence, treatment satisfaction, and side effects. In a study
with 909 participants using mylBDcoach, there was no
significant difference in disease activity [44]. UCLA elBD
devel oped two specific, four-question, patient-reported outcome
(PRO) questionnaires, named the Mobile Health Index (mH]I),
that are integrated into the EMR and used to create a patient
value quotient. A study of 194 UC and 217 CD patients
compared their mHI to standard UC and CD clinical disease
activity measures, showing significant correlation for each
(P<.001). Both had a strong inverse correlation with QoL as
measured by the SIBDQ (P<.001) [29,54]. TrueColours UC
emails usersto report symptoms every day through the SCCAI
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and to report on QoL every 2 weeks through the EQ-5D.
Combined with amonthly FC test, userstracked disease activity
using the system’s “traffic light” severity tracker [51].

In the commercia market, symptom diaries represent about
57% of the IBD-related apps available for English speakers on
the Google Play and Apple app stores[29]. Apps like Oshi, Gl
Monitor, and mylBD have various methodsto track symptoms,
bowel movements, medications, meals, emotional state (ie,
stress and anxiety), sleep or fatigue, and physical activity. In
return, these apps graphically represent the data to help users
track and potentially discover associations between symptoms
and reported information [56,58,59].

All but two of the apps included in this review have some
approach to collecting PROs. Most apps going through trials
tend to collect data at discrete, weekly, biweekly, or monthly
time points, using standard clinical questionnaires for IBD.
Conversely, commercia apps tend to aim for daily data entry
and ask patients to report more granular data (eg, specific
symptoms, activities, and emotions). No studies have reported
decreases in QoL as a result of app use, and many—Constant
Care, HealthPROM I SE, and TECCU—havereported improved

QoL.

Treatment

IBD management, for both UC and CD, includesthe following:
induction therapy and maintenance therapy. The goal isfirst to
control inflammation quickly and then to sustain that control
over time. Symptoms, side effects, |aboratory data, and imaging
inform the choice of therapy. Clinical treatment guidelines
provide algorithms for physicians to follow based on patient
symptoms, laboratory data, and prior treatments. The
recommended treatments can vary greatly depending on these
factors, and the treatments may not consider unique patient
treatment preferences or individual characteristics[17,18].

Constant Care can provide recommendations for medication
management based on reported symptoms. In one trial with
Constant Care, patients with UC who reported acute symptoms
indicative of a flare received recommendations to initiate
5-aminosalicylate (5-ASA) for acertain duration. Based on their
own prior experience and current treatment guidelines, patients
could also select additional treatments. In this trial with 333
participants, 100% of patients in the treatment group received
5-ASA in response to a flare as compared to 10% of control
patients. Researchers attributed this benefit to the patient’'s
ability to better recognize and understand the correct treatment
for aflare [32,35]. Constant Care has also been studied in the
context of down-titration of mesaazine therapy in
mild-to-moderate UC patients in a trial with 95 participants.
Patients were encouraged to decrease or maintain their dose or
reach out to their care team based on the “traffic light” system.
Results showed asignificant increasein adherence to mesalazine
(Visual Analog Scale 88 vs 100, Medical Adherence Rating
Scale 23 vs 24, P<.001) in the group from baseline to the end
of the study; results also showed significantly improved QoL
(P<.001) as measured by the SIBDQ and 12-Item Short Form
Health Survey (SF-12) from baseline to the end [33]. A third
trial with 17 participants used Constant Care to determine the
timing of infliximab maintenance therapy for CD, using weekly
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entries converted to the “traffic light” system. At the end of the
trial, only 10% of individuals received therapy at 8-week
intervals (ie, standard of care), 39% received treatment at shorter
intervals, and 50% received treatment at longer intervals [34].

A similar randomized controlled trial of 50 patients used Young
Constant Care—an adapted version of Constant Care—in a
pediatric population. Based on symptom reporting and FC,
patients reaching the red level or 2 weeks of the yellow level
received an infusion of infliximab (ie, standard maintenance
care). Otherwise, patientswere allowed amaximum of 12 weeks
between infusions. Using these methods, researchers observed
asignificant increase in the mean treatment interval (9.5 weeks
vs 6.9 weeks, P<.001) and no change in QoL or levels of
antibodies between treatment and control swho received standard
care[36].

In TECCU, the responses provided through the platform were
used to create individually tiered alerts and action plans. Patients
received recommendations to adjust medication or visit their
physician based on the aert level matching their reported
symptoms. At the end of thetrial, theHBI for CD or the SCCAI
for UC were combined with partial Mayo scores from
face-to-face visits to assess remission status. After 24 weeks,
the 21 patients in the intervention group had no significant
changeinremissionin UC (oddsratio [OR] 0.12, P=.19) or CD
(OR 0.11, P=.13) or in mean improvement in measured FC
(-0.90 mg/g, P=.11) [46,47].

In HealthPROMISE, patients have reported feeling that their
care decison making has been more equitable and have
experienced improved health outcomes (QoC increased +19%
more than controls, P<.01) [40]. TrueColours UC used the data
collected during its study of 66 participants to create a flare
algorithm to help predict the need for escalation in therapy at
outpatient visits and observed 95% accuracy of this algorithm
[26].

Current evidence about therole of appsin IBD treatment comes
largely from four different studies involving the Web-based
platform Constant Care. Suggesting the inception or ateration
of amedication through the use of IBD digital health apps has
been viable. Certain studies have shown significantly increased
QoL and have explored individualizing treatment timing. None
of these studies have reported worsening QoL, QoC, flares, or
treatment outcomes in participants.

The uses of Constant Care to titrate treatment for flares or
maintenance therapy are exciting and have been recognized as
an early step in the pursuit of pharmacokinetic monitoring [70].
One single treatment of a biologic therapy like infliximab can
cost thousands of dollars and require an entire day in aninfusion
center [ 71]. The prospect of individualizing treatments according
to when they are needed could benefit patients (ie, reduced
medication exposure and time lost from daily life) as well as
the health care system (ie, cost avoidance, fewer visits, and
fewer side effects). Further studies are needed to validate this
potential in IBD digital health apps.

Follow-Up
After diagnosis, patients with chronic diseases will regularly
visit their physician to share updates about symptoms and side
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effects. Unexpected or worsening symptoms may warrant
scheduling additional visits to alter or add therapies. Severe
changes may require visits to the emergency room or
hospitalizations for immediate care. Higher numbers of
outpatient visits can serve as a significant protective factor
against IBD-related hospitalization in the following year [72],
but nonadherence to medicationiscommon in IBD and reported
to bein the range of 40%-60%, with related adverse economic
and clinical implications[73]. Appropriate continuity of medical
care is associated with higher patient satisfaction, fewer
hospitalizations, fewer emergency room visits, and improvement
in receiving preventative services [74].

During testing of the Constant Care app, researchers observed
anincreasein the amount of contacts over the phone and through
email, but a reduction in visits to the emergency department
and the same number of hospitalizations [28]. The Constant
Caretrial also noted improved adherence to medication during
flares (73% vs 42%, P=.005) [32]. UC HAT had a messaging
option to a nurse coordinator through their Web portal but
showed no changes in adherence and did not assess visits or
hospitalizations [52]. Over 12 months, the trial of the
myIBDcoach system showed a significant reduction in both
visitsto the gastroenterologist (1.55 vs 2.34 average visits over
a year, P<.001) and telephone calls to the gastroenterol ogist
(0.58 vs 0.84 average calls over a year, P<.001) compared to
controls; however, there was no change in visits (0.29 vs 0.36,
P=.17) or telephone calls (0.70 vs 0.74, P=.45) to the nurse.
Users of the system had fewer hospitalizations (P=.046) and
higher medication adherence, as measured by the Morisky
Medication Adherence Scale (P<.001) [44].

In TECCU, patients could use the platform to send messages
to their teams and receive direction about when to follow up or
adjust medications. Researchers observed asignificant increase
in medication adherence in al groups in the trial, with
significantly higher increase in the patients in the app group as
measured by the Morisky-Greenindex (OR 0.0001). Researchers
noted lower numbers of outpatient visits and telephone callsin
the intervention group compared to controls [46,47].

Users of the IBD-live platform were triaged to different
follow-up plans depending on their reported symptoms. Patients
considered low risk would report symptoms again in 3 months,
those at intermediate risk would report again in 1 month, and
those at high risk would be directed to contact their physician.
Patientswere also able to contact their local health team through
the platform. Among the 84 users of the Web-based system,
there were significantly fewer face-to-face follow-ups as
compared to controls (3.6 visits vs 4.3 in controls, P<.001)
[42,43].

Among the commercia apps, MyIBD, aims to support the
transition from a pediatric to an adult gastroenterologist.
Problems with transition from pediatric to adult care can lead
to treatment nonadherence, increased disease severity, and undue
emotional and financial stressfor patients[75]. Data show that
79% of adult gastroenterol ogists report inadequate preparation
of adolescents coming from pediatric care [76]. The MyIBD
app provides a My Journey module where patients can record
all aspects of their own health record and grant access to new
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physiciansthey meet in their care[58]. Oshi has afeature where
users can give the app permission to contact their physician if
reported symptoms may indicate worsening disease [59].

The above apps provide another way for patients to interact
with their care, whether through direct messaging or the ability
to view information about their disease. Medication adherence
isgenerally improved in the studied app users. These usersalso
benefit from decreases in acute care and outpatient visits,
although results are mixed about changes in telephone contact
with providers. No studies reported increased hospitalizations
or emergency visits or decreased medication adherence.

Patient Satisfaction

There is no globally agreed-upon formulation for patient
satisfaction [77], and determinants of patient satisfaction vary
across different studies, providing little explanation for the
influencers of satisfaction [78-80]. Onereview of mobile health
in managing digestive diseases determined that patient
satisfaction ranged from 74% to 100% in the reviewed studies,
with complianceranging from 25.7%to 100% [81]. IBD patients
want to be involved in decision making, with many reporting
the desire for equitable collaboration with their physician [82].
In one set of focus groups, IBD patients reported a lack of
understanding of how well their disease was being controlled,
including a feeling that QoL was not discussed in many visits
with their physicians. The patients reported an overuse of jargon
and felt alack of tangible goa s or goal-setting in their care[83].

At the end of the largest Constant Care trial, 88.8% of
individuals said the system wasfeasi ble and wanted to continue
using it [32]. In another trial, 100% of individual swho finished
the study reported being satisfied [33]. In a third trial, users
reported high satisfaction with Web programs, education, and
impact of the program on their disease [34]. The app
myIBDcoach noted that 94% of users continued using the
platform at the 1-year follow-up but saw no significant
differencein satisfaction, asmeasured by aVisual Analog Scale
in Web platform patients versus those receiving standard of care
[44]. For UC HAT, only 14 of the 25 (56%) participants
completed the study [52]; in the following version, home
automated telemanagement (HAT), 86% reported that using the
system did not interfere with their daily routines, 91% would
consider using it in the future, and 91% were adherent to using
the platform for 6 months [53]. In TELE-IBD, a posttria
qualitative study of both adherent and nonadherent patients
identified benefits of understanding disease, monitoring
symptoms, and feeling connected to their health provider. This
study also noted that many participants had trouble remembering
details of their action plans and that there were mixed results
regarding timing, repetition, and technical aspects of the
platform [84]. HealthPROMISE continued to have 75%
adherence after 6 months of follow-up [37,41]. Participants of
the Young Constant Care trial completed 74% of total desired
survey entries [55]. In TECCU, patients in the control and
intervention groups reported significant increasesin satisfaction
from baseline, as measured by an adapted version of the Client
Satisfaction Questionnaire. Patients and providersal so reported
no perceived privacy breaches and minimal technical issues
[46,47]. In IBD-live, 96% of users reported the platform to be
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time-saving, 71% wished to continue, and highly compliant
patients averaged €360 in annual savings [43].

Patients must remain the center of iteration and development.
App adherence in the above studies usually means that users
continue to use the app over the time frame stated, but
researchers have not described the quantity of use and its
possible relationship with patient progress. Although adherence
has generally been adequate and satisfaction generally positive,
studies have described little beyond these simple measures: a
shortcoming observed across much of digital health [85]. Asin
the TELE-IBD posttrial study, narrative feedback will be
important in improving specifics related to apps (ie, design and
function) and answering larger questions about the perceived
shortcomings of interventions. Clinical guidelines are able to
advise specific treatments and medications but struggle to
account for specific patient characteristics, such as treatment
preference, accessto care, childbearing interest, age, treatment
history, etc. This can lead to disagreements or misunderstandings
between patients and physicians. Digital health may be able to
empower patientsto better understand some of this context and
help providers be more aware of patient preferences.

Discussion

Principal Findings

As in many chronic diseases, multiple influences—genetics,
medications, behavior, social network, environment,
psychologica factors, and social determinants—play arolein
the course of IBD, greatly increasing the number of variables
and potentia interventions availablefor study [8,86-88]. In such
alarge dimensional context, arandomized controlledtrial (RCT)
could assess whether an intervention, on average, has some
effect, but it is unlikely to determine which of the components
led to the observed effect. As seen in this review, adherence,
QoL, QoC, and knowledge, among others, were valuable
outcomes measured in the studies, but determining which
components of each app contributed to these measurements
poses a difficult challenge.

Given the breadth of variables and opportunities possible with
digital health, RCTs have some limits. Microrandomized trials
may be an interesting method to explore moving forward, as
they randomly assign intervention options at relevant decision
points. This alows for assessment of the effects of each
intervention, including when and for whom it causes effects, as
well asthe examination of factorsinfluencing these effects[89].
Thismay be apath to better understanding effects of individual
components of increasingly complicated digital health apps.

New technol ogies have the potential to change the care of IBD.
One such exampleis augGl, atechnology company whose aim
is to improve the management of chronic gut disorders. The
company augGl is developing technology that uses computer
vision and deep learning to characterize stool specimens from
just an image. In particular, they are focusing on measuring
stool consistency to better characterize motility changes [90].
Another areaistheiteration on symptom monitoring. Many of
the reviewed apps use written surveys converted into mobile
text versions. Making these questionnaires visual, adaptive, or
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more specific to individual s could make the datamore valuable
and individually meaningful, as have been used in other areas
[91-93]. On the horizon, toilets may be capable of collecting
various data on urine and stool, making some data available
more frequently [94-96]. Finally, appsfor patientsto assess FC
at home (ie, IBDoc or Calpro) have been developed and have
been positively validated, in general [28,97-99].

As promising as these technologies are, they bring to the
forefront the lack of clinical guidelines for what types of new
data should be collected and the appropriate frequency of data
collection. In the CALM trial, FC was measured at 12-week
intervals, already an increase in frequency from the norm. But
what if FC isregularly measured every week or every day? As
these questions arise, it is vital to utilize datasets that may
already exist [100] and find new sets that lead to meaningful ,
cost-effective guidance for patients. Technologists will be
challenged to design devicesthat elicit and present data streams
with clinical relevance. Researcherswill be challenged to build
clinical guidelines and frameworks for translating these data
streams into patient recommendations in real time as the data
become available. One prospective study is exploring this
dilemmausing Fithitsto passively collect daily steps, heart rate,
and sleep data and to determine if this data can help predict
elevation in biomarkers. One of their early findings has shown
that decreased physical activity, as measured by steps the week
before, has occurred prior to the finding of active disease
(P<.001) [101].

The clinical care of IBD is shifting from symptom-based to
inflammation-based management. As digital health evolves, it
becomes hard to ignore its potential to contribute to this shift.
Digital health can help engage patientsto track both thevisible
(ie, symptoms they experience) and invisible (ie, FC or other
biomarkers) markers of disease. What a patient feels
symptomatically is not fully descriptive of their disease state.
Clinicians and technologists alike must pursue other lab or
digitally trackable biomarkers to better describe the disease
state. In tracking these, patients can receive treatment early in
the course of flares, thereby reducing the need for acute care
and the risk of long-term complications. Longitudinal
assessment of FC or other markers will be able to not only
reshape treatment but also allow for a more interactive,
goal-focused dialogue between patients and providers.

Summary

This review discussed the role of studied IBD digital health
apps and a small sample of commercial appsin clinica care.
Significant benefits have been observed in education, QoL,
QoC, treatment adherence, and medication management with
the use of some apps. While digital health technologies have
shown an ability to fit into, complement, and improve the
standard clinical care of patients with IBD, research to further
validate these findings from both a clinica and patient
perspective is needed. As technologies change, research must
expand to define new norms for using the different kinds of
data that can be collected and integrated into clinical care. As
theclinical management paradigm changes from symptom-based
toinflammation-based care, it isan important timefor all groups
involved—patients, clinicians, technologists, insurers, etc—to
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discuss and explore new opportunities to use digital healthto patient care.
improve understanding of disease, patient experience, and
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SCCAI: Simple Clinical Colitis Activity Index
SF-12: 12-Item Short Form Health Survey

SIBDQ: Short Inflammatory Bowel Disease Questionnaire
STRIDE: Selecting Therapeutic Targetsin Inflammatory Bowel Disease
TECCU: Telemonitoring of Crohn’s Disease and Ul cerative Colitis

UC: ulcerative colitis

UC HAT: home automated telemanagement in ulcerative colitis

UCLA: University of California, Los Angeles
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Abstract

Background: Noncommunicable diseases pose a significant threat to women's health globally, with most diseases being
attributed to modifiable risk factors such as physical inactivity. Women perceive a range of benefits and barriers to exercise;
however, there islittle evidence about the effect of different lifestyle intervention delivery modes on perceptions of exercise.

Objective: Thisstudy aimed to compare the effect of amultiple health behavior change (MHBC) intervention called the Women's
Wellness Program. Thisintervention was delivered in 3 different modes on perceived exercise benefits, perceived exercise barriers,
and actual physical activity and exercise in midlife women.

Methods: Women aged 45 to 65 yearswere recruited viathe study website. They were assigned in blocksto 3 different treatment
groups (A: Web-based independent; B: face-to-face with nurse consultations; and C: Web-based with virtual nurse consultations).
All participants received the 12-week intervention that utilizes principles from social-cognitive theory to provide a structured
guide to promote healthy lifestyle behaviors with an emphasis on regular exercise and healthy eating. Data were collected using
aself-report Web-based questionnaire at baseline (T1) and postintervention (T2) including perceived exercise benefits and barriers
and exercise and physical activity. A data analysis examined both within- and between-group changes over time.

Results: Participantsin thisstudy (N=225) had amean age of 50.9 years (SD 5.9) and most were married or living with a partner
(83.3%, 185/225). Attrition was 30.2% with 157 participants completing thefinal questionnaire. Women in all intervention groups
reported a significant increase in positive perceptions of exercise (P<.05); asignificant increase in exercise and overall physical
activity (P<.01) with moderate-to-large effect sizes noted for overall physical activity (d=0.5 to d=0.87). Participants receiving
support from registered nursesin the face-to-face and Web-based groups had a greater magnitude of change in benefit perceptions
and physical activity than those in the Web-based independent group. There was no significant change in exercise barrier
perceptions within or between groups over time.

Conclusions: Theresultsof thisstudy suggest that the (MHBC) intervention iseffectivein increasing exercise benefit perceptions,
overall physical activity, and exercise in midlife women. Although Web-based programs are cost-effective and flexible and can
be delivered remotely, providing a range of options including face-to-face group delivery and personalized electronic health
coaching from registered nurses has the potential to enhance participant engagement and motivation.

(J Med Internet Res 2019;21(8):€10963) doi:10.2196/10963
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exercise; physical activity; women; health behavior; behavioral medicine; health promation; digital health; benefits and barriers
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Introduction

Background

Noncommunicable diseases (NCDs) pose a significant threat
to women'’s health globally [1,2]. Recent estimates suggest that
4 NCDs including cardiovascular disease, cancer, respiratory
disease, and type 2 diabetes account for the majority of
premature deathsin women between the ages of 30 and 70 years
[3]. Althoughiit is clear that regular exercise has many physical
and menta health benefits and is an important component of
good health, many health promotion programsfail to adequately
address the often-correlated nature of many modifiable risk
factors [4]. For example, physical inactivity is often associated
with other modifiable lifestylerisk factors such as an unhealthy
diet, tobacco smoking, and overweight and obesity, with many
adults having multiple risk factors for NCDs [4,5].

Among women, midlife is a time when the risk of developing
an NCD increases [3], particularly among those who do not
adhere to recommended physical activity and healthy eating
guidelines[6,7] and often experience menopause-rel ated weight
gain[8,9]. Although thereis no established definition of midlife,
women between the ages of 40 and 65 years have normally
finished childbearing and experience a physiological transition
to perimenopause and menopause. Many women in this age
bracket continue in paid employment with the average age that
Australian womenintend to retireincreasing over thelast decade
to 64.4 yearsin 2017 [10]. According to Mishra et a, midlife
(particularly perimenopause) isalso asensitive period when the
cumulative effects of unhealthy lifestyle behaviors have agreater
impact on disease risk [11]. Therefore, engaging in regular
physical activity, eating ahealthy diet, and maintaining ahealthy
body weight (body massindex [BMI1]=18.5-25.0) [8] in midlife
are essential to reduce risk and ensure optimal health and
well-being as women age.

Thereisevidence that multiple health behavior change (MHBC)
interventions tailored for women are effective in changing
behavior [12,13]. Furthermore, given the multiple and complex
role demandsand stressors reported by women in thisage group
[14], flexible health promotion interventions have the potential
to yield greater success. Over the past decade, Web-based or
inter net i nterventions al so show promising resultsin promoting
physical activity and healthy eating [15]. Moreover, though
Web-based interventions targeting multiple health behaviors
are fewer in number, there is evidence that they can provide an
effective, flexible, cost-effective means of promoting healthy
lifestyle behaviors [16-19].

Despite the potential efficacy of MHBC interventions, women
perceive arange of benefits and barriers to changing exercise
behavior [20-22]. Research suggests that perceived benefits of
exercise include physical health and fitness, improved mental
health and stress reduction, and reduced risk of illness[23-25].
Women's perception of barriers to exercise are often complex
and relate to a range of personal, social, and environmental
factors such as lack of time, motivation, family support and
care-giving responsihilities, climate and physical safety [23-25].
Arguably, these perceptions are very important to consider when
designing health promotion interventions, with evidence that
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benefit and barrier perceptions are correlated with actual exercise
behavior change[23,26]. In relation to behavior change theory,
the concepts of perceived benefits and perceived barriersequate
to positive outcome expectations and impediments to change
that influence self-efficacy beliefs as described by Bandura in
the social cognitive theory [27].

Women’s Wellness Program | ntervention

To date, there is a paucity of evidence about how different
intervention delivery modes effect benefit and barrier
perceptions. In this context, the Women's Wellness Program
(WWP) isa12-week MHBC intervention designed for midlife
women (Multimedia Appendix 1), targeting a range of
modifiable risk factors including regular physical activity and
exercise and healthy eating [12]. The original WWP that
included a paper-based journal and 2 face-to-face nurse
consultations was eval uated in a previous randomized controlled
trial (N=90), finding that the intervention was effective in
increasing physical activity, decreasing smoking, BMI, and
weight [12]. On the basis of the socia cognitive theory [27],
the WWP includes detailed health education to promote health
literacy and knowledge about the benefits of regular physical
activity and exercise and incorporates strategies to overcome
impediments/barriersto change, including realistic goal setting
and health coaching to promote self-efficacy for exercise. The
origina Program was designed to be delivered face-to-face in
a community practice setting by registered nurses trained to
deliver the intervention. In this study, the WWP was revised
and adapted to be delivered as a Web-based self-directed
program hosted on a purpose-built website. The website also
includes a separate Web portal for health consultations.
Furthermore, arevised Program book was published both asan
eBook and a hard copy. In this study, participants receiving
health coaching received 4 nurse consultations at 0, 4, 8, and
12 weeks. Results in relation to the effect of the intervention
on the primary outcome measure of climacteric symptoms are
reported elsewhere [28].

Objectives

This study addresses secondary outcome measures, where the
effect of the WWP intervention delivered in 3 different
modes/arms (Web-based independent; face-to-face with nurse
consultations; and Web-based with virtual nurse consultations)
on perceived exercise benefits, perceived exercise barriers, and

actual physical activity and exercise in midlife women is
investigated.

Methods

Participants and Procedure

Participants were Australian women aged between 40 and 65
years. Details of study participants, recruitment procedures,
inclusion/exclusion criterig, and attrition are described el sewhere
[28]. In short, following media publicity about the study,
participants were recruited across Australia via the study
website. Women with an existing diagnosis of an NCD or
without computer/internet access were excluded.
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M easures

A self-report Web-based questionnaire was used to collect data
from participants at baseline (T1) and postintervention (T2),
including (1) sociodemographic information (T1 only), (2)
perceived exercise benefits and barriers [25], (3) exercise and
physical activity (Seattle Physical Activity questionnaire) [29],
and (4) height (cm) and weight (kg). The BMI was calculated
by dividing the weight in kilograms by the height in meters
squared (kg/m?) [30].

This paper presents the pre- and postintervention perceived
benefits and barriers measured using the Exercise Benefits and
Barriers Scale (EBBS) [25]. The EBBSisa46-item instrument
using a forced response Likert-type scale. The scale contains
29 benefit items summed to calculate a total benefit subscale
score (EBBSggy), With higher scores indicating higher benefit
perceptions. Benefit items are then grouped and summed to
create benefit subcategories. life enhancement, physical
performance, psychological outlook, socia interaction, and
preventive health. Example benefit itemsinclude thefollowing:
32. Exercise improves my self-concept; 15. Exercise increases
my level of physical fitness; 2. Exercise decreases feelings of
stressand tension; 11. Exerciselets me have contact with friends
and persons| enjoy; and 13. Exercisewill keep me from having
high blood pressure.

The 46-item scale contains 14 barrier items summed to get a
total barrier subscale score (EBBSgag), With higher scores
indicating higher barrier perceptions. Barrier items are grouped
and summed to create barrier subcategories: exercise milieu,
time expenditure, physical exertion, and family encouragement.
Example barrier itemsinclude: 9. Placesfor meto exercise are
too far away; 4. Exercising takes too much of my time; 37.
Exercise takes too much time from my family responsibilities;
6. Exercise tires me; and 33. My family members do not
encourage me to exercise.

The EBBS demonstrates good reliability and internal consistency
in studies that investigate exercise benefits and barriers in
women [20-22]. Inthis study, subscalereliability was cal cul ated
with a Cronbach alpha of .94 for the benefit subscale and .87
for the barrier subscale, indicating high internal consistency.

Additional anecdotal feedback about what participants liked
and disliked about the Program was obtained and invitation to
make other commentswas given through 3 open-ended questions
asked postintervention via the Web-based questionnaire.

Intervention

The participating women completed baseline questionnaires
before being assigned in blocks to one of the 3 different
treatment modality groups. The 12-week program utilizes
principles from the social-cognitive theory [27] to provide
participantswith astructured guideto promote healthy lifestyle
behaviors with an emphasis on regular physical activity and
exercise, healthy eating, healthy weight, stress management,
and health screening behaviors. In relation to exercise and
physica activity, the intervention provides detailed
evidence-based information in plain language about the current
guidelines for physical activity [6]. Information about the
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multiple health benefits of regular physical activity (aerobic
exercise, strength training, and stretching) on physical and
mental health and the reducing risk of chronic disease is
provided in the Program book and website and reinforced in
nurse consultations. Photographic illustrations of strength
exercises are provided with practical advice on starting and
maintaining a regular physical activity schedule, with daily
walking recommended as the starting activity for participants
who are sedentary or unfit. Over the 12 weeks, participants are
encouraged to gradually increase the frequency and intensity
of physical activity and exercise, with Program 1 strength
training exercise introduced in Week 2 and Program 2 strength
exercises with dumbbells introduced in Week 5. The Program
book and website include weekly activity planning with
participants invited to identify and reflect on their barriers to
exercise behavior changethrough journal activities, reflections,
and discussions with a registered nurse. Participants receiving
nurse consultations are supported to devel op personalized goals
for exercise and diet that are specific, measurable, achievable,
relevant, and time bound at 0, 6, and 12 weeks.

The WWP intervention including the Program book, the
Program website, and health consultations is delivered in 3
different formats: (1) Web-based independent (Arm A) had
access to the WWP website that contains all of theinformation
provided in the book and an electronic copy of the Program
book only; (2) Face-to-face group supported (Arm B) included
a hard copy of the Program book and 4 30- to 60-min
face-to-face consultations provided by a registered nurse at O,
4,8, and 12 weeks; and (3) WWeb-based supported (Arm C) were
able to access the WWP website, download an electronic copy
of the Program book, and were aso provided 4 virtual
consultations through a portal built into the website at 0, 4, 8,
and 12 weeks. Intervention fidelity was maintained through
provision of structured facilitator training, through consistent
record keeping and auditing, and by employing one registered
nurse to deliver all consultations.

Statistical Analysis

Analyseswere performed using IBM® SPPS Statistics version
22 [31]. Descriptive data are expressed as counts and
percentages or mean (SD), whereas inferential statistics were
performed using t tests and analysis of covariance (ANCOVA)
or their nonparametric equivalent. The statistical significance
was set at alpha=.05. The effect size was also calculated using
the Cohen d standard formula[32] to examine the meaning and
magnitude of change in the 3 groups over the study period.
Using Cohen guidelines[32], an effect size of 0.20 was deemed
to be small, an effect size of 0.50 was moderate, and an effect
size of 0.80 or more was considered to be large.

Ethical Approval

Before recruitment and data collection, ethical approval was
obtained from the relevant Human Research and Ethics
Committee (QUT HREC Approval No: 1300000048).
Participation was voluntary, and women were able to withdraw
from the study at any time. Furthermore, participants did not
receive any rewards or incentives for participation; however,
they were able to retain the Program book and materials and
have continued access to the website resources.
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Results

Sociodemogr aphic Char acteristicsand Baseline Body
Mass | ndex and Physical Activity

Participantsin this study had amean age of 50.9 years (SD 5.9)
and most were married or living in a de-facto relationship
(83.3%, 185/225). Overal, 79.1% of women were Australian
born, most worked either full- or part-time (53.0%, 119/225 or
29.5%, 66/225 respectively), and almost two-thirds (68.9%,
155/225) of participants were university educated. According
to the World Hedth Organization categories [30], where
overweight is classified as BMI 25.0 to 29.9 and obesity BMI
greater than 30.0, many of the participating women reported
being overweight (35.5%, 79/225) or obese (32.9%, 74/225).
When asked about general daily activity levels (including
housework, gardening, shopping, caring for children, or activity
at work), the proportion of all participants at baseline who were
very active was 1.8% (4/225); moderately active, 32.2%
(72/225); mildly active, 46.2% (104/225); and sedentary, 19.1%
(43/225). Reported levels of aerobic exercise (15 min at atime
in the past month including brisk walking, jogging, swimming,
and cycling) for all women at baseline found 21.8% (49/225)
getting no aerobic exercise; 36% (81/225) one or 2 times/week;
27.1% (61/225) 3 or 4 times/'week; 10.2% (23/225) 5 or 6
times/week; and 4.4% (10/225) daily exercise.

McGuire et al

Although 225 women completed the baseline questionnaire, an
attrition rate of 30.2% (68/225) meant that 157 women
completed the final questionnaire following the 12-week
intervention. A comparison of retained participants and those
lost to follow-up showed significantly more participants being
lost from the Web-based independent Arm A (35.5%, 49/138)
compared with Arm B (9.7%, 4/41) and Arm C (30.2%, 15/46).
The comparison of baseline sociodemographic and health
characteristics of the 3 intervention groups showed no significant
within- or between-group differences[30].

Table 1 presents the mean total exercise benefits, barriers and
benefits, and barriers subscal e scores pre- and postintervention
within each group. Although there was no statistically significant
change in barrier scores over time, in contrast there was a
significant increase in average total benefits, psychological, and
social subscale scores within all 3 intervention groups. A
one-way between-group ANCOVA showed no significant
difference between the 3 intervention groups over time for both
total exercise benefit scores (F,155=0.30; P=.74; partia eta
squared=0.004) and total exercise barrier scores (F;153=0.65;
P=.52; partia eta squared=0.01). Figures 1 and 2 present the
change over time in average total perceived benefit and barrier
scores within and between groups.

Table 1. Mean perceived benefits and barriers to exercise scores within and between groups pre- and postintervention (N=157). Mean scores are based
on an ordinal scale representing the extent to which women strongly disagree/disagree/agree/strongly agree that the item is a benefit/barrier to exercise

(range 1 to 4 with high scores representing higher agreement).

Variable Arm A: Web-based independent  Arm B: Face-to-face supported Arm C: Web-based supported (n=31),
(n=89), mean (SD) (n=37), mean (SD) mean (SD)
Pre Post Pre Post Pre Post
Per ceived benefits®
Total benefits 88.5(10.8) 914(134°  918(95) 95.1 (14.4) 91.9 (11.1) 93.5 (10.4)°
Life enhancement 3.1(05) 3.2(0.5) 3.3(04) 3.3(0.5) 3.3(0.5 3.2(0.4)
Physical 3.4(0.4) 3.4(0.4) 3.4(0.4) 3.4(0.5) 3.5(0.4) 3.4(0.4)
Psychological 2.9(0.4) 3.2(0.5) 3.0(0.3) 3.3(0.6)° 3.0(0.3) 3.4 (0.4)°
Social 2.3(0.6) 24(07)° 25(0.6) 27(0.7)° 25(0.6) 25(0.5)"
Preventive health 3.3(0.5) 3.3(0.5) 3.4(0.4) 3.4(0.5) 3.3(0.6) 3.3(0.4)
Perceived barriers®
Total barriers 29.6 (6.1) 29.0 (6.9) 26.9 (6.5) 26.1(5.3) 27.3(5.6) 27.1(6.2)
Exercise milieu 1.9(0.5) 1.8(0.5) 1.7 (0.5) 1.7 (0.4) 1.7 (0.5) 1.7 (0.5)
Time expenditure 2.2(0.6) 2.2(0.6) 2.0(0.6) 1.9 (0.5) 2.1(0.5) 2.1(0.7)
Physical exertion 2.6 (0.6) 2.6 (0.6) 2.4(0.6) 2.3(0.5) 2.3(0.5) 2.3(0.5)
Family encourage 1.8(0.7) 1.9(0.9) 1.7 (0.8) 1.7 (0.7) 1.7 (0.5) 1.7 (0.5)
8 xercise Benefits Subscale.
Bwwithi n-group paired t test; P<.05.
CExercise Barriers Subscale.
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Figure 1. Change over timein average perceived benefits of exercise scores within and between groups.
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Figure 2. Change over timein average perceived barriers to exercise scores within and between groups.
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Changes in overall physical activity, aerobic exercise, and
general daily activity are presented in Table 2. There was a
significant difference in al physical activity variables within
all groups postintervention (P<.01). Between-group comparison
of overall physical activity was close to statistical significance
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(F5145=45.1, P=.052; partial eta squared=0.04), with a greater
increase in face-to-face supported Arm B and Web-based
supported Arm C compared with Web-based independent Arm
A.
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Table 2. Comparison of overall physical activity, aerobic exercise, and general daily activity within groups pre- and postintervention (N=157).

Variable Arm A: Web-based independent  Arm B: Face-to-face supported Arm C: Web-based supported (n=31)
(n=89) (n=37)
Pre Post Pre Post Pre Post
Overall physical activity (PA)?
Mean (SD)° 54(1.8) 6.3 (2.1)° 5.8(1.9) 6.9 (1.9)° 56(1.9) 7.3(1.5)°
Median® 6.0 7.0° 6.0 8.0° 6.0 8.0°
Weekly aerobic exercise, n (%)
2 or less times weekly 55.7 (49) 33.7(30) 59.5 (22) 24.3(9) 64.5 (20) 29.0 (9)
3-4 times weekly 31.8(28) 36.0 (32) 21.6(8) 35.1(13) 25.8(8) 29.0 (9)
5+ times weekly 12.5(12) 30.3(27) 18.9(7) 40.5 (15) 9.7(3) 41.9(13)
McNemar test _d 21.3° — 14.3° — 14.5°
General daily activity , n (%)
Sedentary 18.0 (16) 6.7 (6) 13.9 (5) 8.1(3) 226 (7) 6.5(2)
Mildly active 49.4 (44) 36.0(32) 52.8 (19) 29.7 (11) 35.5 (11) 22.6(7)
Moderately/very active 32.6 (29) 57.3 (51) 33.3(12) 62.2 (23) 41.9 (13) 71.0 (22)
McNemar test — 25.7¢ — 9.3° — 8.6°

@0verall physical activity including exercise and general daily activity measured on ascale of 0 to 10.

Ppaired t test and Wilcoxon Signed Rank test.
°P<.01.
dNot applicable.

Effect Size

Table 3 presents results of the effect size analysis within and
between groups over time in perceived benefits and barriersto
exercise and overall physical activity. A small effect for
perceived barriers to exercise was observed, with a
small-to-moderate effect for perceived benefits to exercise
within al 3 groups postintervention (Cohen dygnge)- A
moderate-to-large effect was seen in overall physical activity,
within all intervention groups. Using Cohen d, to compare the
difference in effect size between Arm A (Web-based
independent) and Arm B (face-to-face supported) and Arm C

https://www.jmir.org/2019/8/€10963/

(Web-based supported), there was a small-to-moderate effect
size observed for al variables.

To further illustrate and compare the magnitude of change over
time within and between each of the 3 groups, Table 4 presents
exercise benefits and barriers subscale variables and overall
physical activity, grouped by effect size and study arm. Of note
is the large effect size for psychological benefitsin all groups
and overall physical activity in the Web-based supported group
C. There was a moderate effect size observed for overall
physical activity in the Web-based independent (Arm A) and
face-to-face supported (Arm B) groups.
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Table 3. Effect size within and between groups over time in perceived benefits and barriers to exercise and overall physical activity (N=157).

Varigbles Cohen depange” Cohen d,”
ArmA: Web-basedinde- Arm B: Face-to-face Arm C: Web-based sup- A-B post A-C post
pendent supported ported
Per ceived benefits®
Total benefits 0.27 0.30 0.14 0.28 0.16
Life enhancement 0.02 0.00 0.20 0.20 0.00
Physica 0.00 0.00 0.25 0.00 0.00
Psychological 0.70 1.0 13 0.20 0.40
Social 0.21 0.33 0.13 0.43 0.14
Preventive health 0.00 0.00 0.00 0.20 0.00
Perceived barriers?
Total barriers 0.10 0.11 0.03 0.42 0.28
Exercise milieu 0.20 0.00 0.00 0.01 0.20
Time expenditure 0.00 0.20 0.00 0.50 0.20
Physical exertion 0.00 0.20 0.00 0.50 0.42
Family encourage -0.14 0.00 0.00 0.22 0.22
Overall physical activity 0.50 0.60 0.87 0.31 0.48

aCohen dchange cOMpared the difference in the effect size within groups over time.

®Cohen d, compared the difference in effect size between groups postintervention.

CExercise Benefits Subscale.
dExercise Barriers Subscale.

Table4. Comparison of magnitude of change postintervention within each group for exercise benefits and barriers subscale scores and overall physical

activity.
Effect size? Arm A: Web-based independent Arm B: Face-to-face supported Arm C: Web-based supported
Large>.7 Psychological benefits Psychological benefits Psychologica benefits;, Overall PA

Moderate .4 to .7 Overal PA

Small .2t0 .4 Total benefits score; Social benefits;
Exercise milieu barriers
ers
Very small <.2 Family barriers; Total barriers score;

Life enhancement benefits

Social benefits; Total benefits score;
Time barriers; Physical exertion barri-

Total barriers score

Overall PA _b

Physical benefits; Life enhancement
benefits

Total benefits score; Social benefits;
Tota barriers score

8Cohen ehange COMpared the difference in effect size with groups over time.

BNot applicable.

Discussion

Principal Findings

This study has reported the results of a 3-aam MHBC
intervention on perceived exercise benefits and barriers and
self-reported physical activity and exercise in midlife women.
Postintervention, women in all 3 arms reported a significant
increase in overall exercise benefit perceptions and increased
physical activity.

With regard to exercise benefits, there was a significant change
in perceptions about the psychological and social benefits in
particular, with large effect sizes being noted. This change was

https://www.jmir.org/2019/8/€10963/

RenderX

associated with asignificant increasein overall physical activity
and exercise, with moderate-to-large effect sizes across all 3
groups. What is striking about these results is the proportion of
participants who moved from lower levels of exercise to
reporting regular exercise on 5 or more days per week
postintervention. These changes in benefit perceptions and
actual physical activity are likely to be a result of specific
program content and strategies, including detailed health
promotion information contained in the Program book,
individualized goal setting, and weekly exercise planning
activities undertaken by all participants over the 12 weeks of
thetrial.
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When comparing the magnitude of change between groups over
time, the Web-based independent group (Arm A) was used as
the comparison group. In comparison with the Web-based
independent group, both the face-to-face supported group (Arm
B) and Web-based supported group (Arm C) had greater change
in benefit and barrier perceptions and overall physical activity
postintervention. Women who received face-to-face support
reported moderately higher social benefits, with the Web-based
supported group reporting moderately higher psychological
benefits. Thisislikely to be attributed to the additional support
that Arm B and C received through nurse consultation and health
coaching and the peer support availablein Arm B. Theseresults
suggest that personalized and tailored health consultation
provided by registered nurses with knowledge and skills in
health behavior change theory and communication can facilitate
positive behavior change.

In support of this, anecdotal feedback from participantsindicated
that having the opportunity to discuss personal health issues
and work and family commitments and discuss strategies for
change with a supportive health professional was highly valued
by women in the face-to-face and Web-based supported groups.
In contrast, feedback from participants in the Web-based
independent group highlighted the lack of support being abarrier
to engagement with the program, and it is likely that this
contributed to the higher attrition rate in this group. However,
participantsin the Web-based independent group who remained
in the study reported significant increases in physical activity,
indicating that for some women undertaking a Web-based
intervention independently is an effective option for undertaking
abehavior change intervention.

Interestingly, despite a reported increase in physical activity
and positive benefit perceptions, there was no statistically
significant change in the average exercise barrier perceptions
within or between groups postintervention. A possible
explanation is that the average exercise barrier perceptionsin
all groups at baseline were relatively low, perhaps reflecting
the fact that participants were motivated volunteers who
self-selected to enroll in a health promotion program.

Comparison With Previous Work

In relation to the effect of a behavior change intervention on
exercise benefit and barrier perceptions, there are limited studies
to allow direct comparison. Our results are somewhat similar
to a study on Latino American women that found an increase
in total benefit perceptions following a 9-month biweekly
education and exercise intervention [33]. In contrast, Kennedy
et al [33] report adecrease in barrier perceptions. Other studies
inwomen report no changein total benefit or barrier perceptions
post exercise intervention [34,35]. One of these studies was a
7-week  structured walking program  designed for
postmenopausal African American women [35] and the other,
a 12-week group exercise program for mother and daughter
pairs[34]. A morerecent study investigated perceived benefits
and barriersto exercise participation in n=43 overweight women
with polycystic ovarian syndrome participating in a 3-arm
20-week lifestyle program, finding a significant improvement
inincreased benefit and decreased barrier perceptions[36]. Our
study has appeared to be the first to report the effect of a
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12-week MHBC intervention on exercise benefit and barrier
perceptions in healthy midlife women.

There is alarge body of literature in relation to the effect of
Web-based physical activity interventions with our results
aligning with systematic review [15] and meta-analysis [37]
findings that indicate that the majority of internet PA
interventions in adults lead to significant increases in physical
activity. These studies both report that average effect sizes are
usualy small (d=0.14); in contrast, our study found
moderate-to-large effect sizes across all intervention groups
(d=0.5t0 d=0.87, respectively). A possible explanation for these
results is that the WWP intervention is specifically designed
for midlife women with variable fitness levels and allows
personal choice in type, intensity, and frequency of physical
activity and exercise, facilitating incremental change over time.
The intervention materials also explicitly address the multiple
benefits of regular exercise for midlife women’s health and
healthy ageing and provide practical strategies for overcoming
barriersto change, perhaps enhancing participant motivation to
exercise. This is consistent with evidence that client-centered
and personalized lifestyle interventions with ongoing support
arelikely to be more effective in changing behavior in both the
short and medium term [38]. Results in this study are also
consistent with our previous findings [12], where the original
WWP wastailored for midlifewomen and included personalized
support.

Similar to studies comparing different intervention delivery
modes [39,40], our study found increases in physical activity
in all groups. A similar study by Steele et a [39] investigated
the effectiveness of delivery modes for a 12-week
pedometer-based behavior change program (Health-e Steps),
comparing face-to-face, internet-mediated, and internet-only
delivery with an equivalent magnitude of increase in physical
activity over time being reported. In contrast, our study found
a greater magnitude of change in PA in the face-to-face and
Web-based supported groups compared with the Web-based
independent group. In contrast to the Web-based independent
group, the face-to-face and Web-based supported groups both
received health coaching including goal setting from aregistered
nurse. Recent systematic reviews indicate that behavioral
counselling to promote PA and a healthy diet [41] and setting
goals [42] are effective and important in facilitating behavior
change. Building on our previous work [12], the resultsin this
study including qualitative feedback from participants suggest
that one size does not fit all. In addition to the tailored and
personalized nurse-led intervention, the ability to offer women
the choice of intervention delivery modesto fit their motivation
levels, family and work commitments, and preferences is a
positive outcome of this project.

Limitations

The results of this study need to be considered in light of the
limitations. First, although women were recruited across
Australia, volunteers were generally well-educated and from
high-income groups. Although thisis often the case for studies
involving Web-based interventions with  volunteers
predominantly white, middle aged, and female[18], thisislikely
to limit the generalizability of results. In terms of attrition,
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average barrier scoreswere higher in the Web-based independent
group (Arm A) that had the highest level of attrition (35.5%),
so data collected postintervention did not include those
participants. Furthermore, this study had no control group,
largely because it was designed to investigate the equivalency
of the different intervention arms. Without a control group, it
isdifficult to definitively attribute posttest changesto the effects
of theintervention. The study relied on self-report datathat can
be proneto response bias, with participants morelikely to report
positive outcomes for behavior change measures such as
physical activity. Furthermore, data collection took place
immediately after the intervention, so long-term effects might
be lower.

Conclusions

Despite limitations, the results of this study suggest that the
MHBC intervention (WWP) including personalized and tailored

McGuire et al

health coaching from registered nursesis likely to be effective
in increasing exercise benefit perceptions, overall physical
activity, and exercisein midlife women. The moderate-to-large
effect sizes found in this study are particularly encouraging,
indicating that for motivated participants, undertaking the
programin different modeswas beneficial in changing exercise
behavior and positive perceptions of increased physical activity.
Although Web-based interventions are cost-effective and
flexible and can be delivered remotely, providing a range of
options including face-to-face group delivery electronic health
coaching from registered nurses has the potential to enhance
participant engagement and motivation. With anincreased focus
on prevention of NCDs being evident, this study makesatimely
contribution to the knowledge about exercise behavior change
for prevention of NCDs in midlife women.
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Abstract

Background: Thereisabidirectional relationship between chronic low-grade inflammation and cancer. Inflammatory markers,
such asinterleukin-6 (IL-6), have been associated with both the malignant transformation of epithelial cellsand tumor progression,
thus linking low-grade inflammation with a higher risk of cancer and recurrence in the survival phase. Therefore, they are
considered valuable prognostic biomarkers. Knowing and finding appropriate primary prevention strategies to modify these
parametersisamajor challenge in reducing the risk of cancer recurrence and increasing survival. Different therapeutic strategies
have shown efficacy in the modification of these and other biological parameters, but with contradictory results. There are
apparently no strategiesin which telemedicine, and specifically mobile health (mHealth), are used asameansto potentially cause
biological changes.

Objective: The objectives of this study were to: (1) check whether it is feasible to find changes in inflammation biomarkers
through an mHealth strategy app as adelivery mechanism of an intervention to monitor energy balance; and (2) discover potential
predictors of change of these markersin breast cancer survivors (BCSs).

Methods: A prospective quasi-experimental pre-post study was conducted through an mHealth energy balance monitoring app
with 73 BCSs, defined as stage I-I11A of breast cancer and at least six months from the completion of the adjuvant therapy.
Measurements included were biological salivary markers (IL-6 and C-reactive protein [CRP]), self-completed questionnaires
(the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30, the user version of the
Mobile Application Rating Scale [UMARS] and an ad hoc clinical and sociodemographic questionnaire) and physical objective
measures (accelerometry, weight and height). In addition, using the logging data of the mHealth app, the rate of use (in days)
was recorded during the entire experimental phase of the study. Using Stata software, a paired two-tailed t test, Pearson and
Spearman correlations, and a stepwise multiple regression analysis were used to interpret the data.

Results: Analyzing changes in inflammatory biomarker concentrations after using the mHealth app, differences between
preassessment CRP (4899.04 pg/ml; SD 1085.25) and IL-6 (87.15 pg/ml; SD 33.59) and postassessment CRP (4221.24 pg/ml;
SD 911.55) and IL-6 (60.53 pg/ml; SD 36.31) showed a significant decrease in both markers, with a mean difference of -635.25
pg/ml (95% Cl —935.65 to —334.85; P<.001) in CRP and —26.61 pg/ml (95% Cl —42.51 to —10.71; P=.002) in IL-6. Stepwise
regression analyses revealed that changesin global quality of life, aswell as uMARS score and hormonal therapy, were possible
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predictors of change in CRP concentration after using the mHealth app. In the same way, the type of tumor removal surgery
conducted, aswell as changesin weight and pain score, were possible predictors of change in IL-6 concentration after using the

app.
Conclusions:

In conclusion, through the results of this study, we hypothesize that there is a possible association between an

mHealth energy balance monitoring strategy and biological changes in BCSs. These changes could be explained by different
biopsychosocia parameters, such asthe use of the applicationitself, quality of life, pain, type of tumor removal surgery, hormonal

treatment or obesity.

(J Med Internet Res 2019;21(8):€15062) doi:10.2196/15062
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Introduction

Thereisabidirectional relationship between chronic low-grade
inflammation and breast cancer, as a tumor can produce an
inflammatory environment and therefore a systemic immune
response, but chronic inflammation can also both precede and
promote the development of cancer [1]. There is even talk of
considering inflammation to be an enabling feature of breast
cancer, or the seventh hallmark of the disease along with the
six hallmarks aready identified by Hanahan and Weinberg [2,3].
Inflammation is a process, or bodily response, secondary to
infection or sudden injury, and it is associated with the activation
of various molecular mechanisms [4]. This response can be
local or systemic, depending on the severity, and both indicate
an imbalance of the metabolism of the affected tissues. This
metabolic imbalance in the lesion is produced by an increase
of immune cells as well as inflammatory parameters of great
clinical importance, such as C-reactive protein (CRP) and its
inducer interleukin-6 (IL-6) [4,5].

Once the inflammatory response ends, tissue metabolism is
normalized. If this process of remission isinterrupted by some
circumstance, such as pathogens, toxinsor other stimuli, healthy
tissue could be damaged and produce what is known as
persistent low-grade inflammation, or chronic inflammation
[6]. It isthe result of an immune system that overreacts so that
the concentrations of inflammatory factors are higher thanin a
healthy population [5]. This systemic and chronic inflammation
is widely associated with chronic diseases [6] and even
symptomatology, as there is a positive association between
increased levels of CRP and excess of adipose mass (excess
weight and obesity), which is afactor that could be potentially
modified with physical activity and diet [4,7]. Moreover,
inflammatory markers such as IL-6 have aso been associated
with the malignant transformation of epithelial cellsand tumor
progression, associating low-grade inflammation with a higher
risk of cancer and recurrence in the survival phase. Thus, these
factors are considered valuable prognostic biomarkers in the
population of those with cancer [1,8,9]. Therefore, knowing
and finding appropriate primary prevention strategiesto modify
these parametersisamajor challengein thefield, so asto reduce
the risk of cancer recurrence and increase survival.

Different therapeutic strategies have shown efficacy in the
modification of these and other biological parameters, but with
contradictory results. The beneficial effects of physical exercise
as a means of controlling low-grade inflammation have been

http://www.jmir.org/2019/8/e15062/

amply demonstrated [10,11], even in breast cancer survivors
(BCSs). A study conducted by Jones et al, in which they used
a physical exercise program in BCSs, found a significant
reduction of IL-6[12]. Additional studies have evaluated other
strategies, such as manual therapy [13], tai chi [14], mindfulness
[15], or yoga[16], to reduce inflammation markersin different
cancer populations. However, scientific evidence about
strategies based on telemedicine are scarce, and they are
practically nonexistent for cancer. A study conducted by
Haggerty et a assessed two technol ogy-based, 6-month, lifestyle
interventions (telemedicine or text messaging) in obese women
with endometrial hyperplasia, showing a reduction of some
biomarkers such as IL-6 after the intervention [17]. Another
study by Frank et al examined the effectiveness of telehealth
coaching promoting nutrition and exercisein soldiers, evaluating
biomarkers of bone health [18]. There are also some clinical
trial protocols with no published results at present [19-21].
Therefore, at the moment there are no strategies in which
telemedicine, and specifically mobile health (mHealth), are used
as a delivery mechanism for interventions that could cause
biological changes.

Low-grade inflammation is highly influenced by aspects such
as obesity, fatigue or a sedentary lifestyle [22-24], and its
relationship with chronic pathologies has been demonstrated.
However, the issue of association, or the factors that influence
its regulation through nonpharmacological and distance-based
intervention strategies, remain unresolved [6]. In the
biopsychosocial context that encompasses a subject with cancer,
promoting changesthrough mHealth strategiesin psychological,
physical or socia aspectsisnot entirely complicated (eg, quality
of life) [25]. However, biological parameters have a high
intersubject variability and are not usually addressed in these
types of studies[24]. Therefore, understanding what factors can
influence these parameters can help to devel op mHealth-based
strategies, thus increasing patient empowerment in regard to
their health.

To the best of our knowledge, scientific evidence is scarce in
regard to mHealth-based strategies related to tracking
biomarkers of inflammation, and the importance of low-grade
inflammation in cancer recurrence has aready been
demonstrated. Thus, the objectives of this study were to:

1. Check whether it isfeasibleto find changesininflammation
biomarkers through an mHeath strategy as a delivery
mechanism of an intervention to monitor energy balance
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2. Discover potential predictors of change of these markers
in breast cancer survivors

Methods

Study Design, Participants, and Description of the
M obile Health App

A prospective quasi-experimental pre-post study was conducted
through an mHealth app to monitor energy balance (BENECA
mHealth app) with 73 BCSs, defined as stage I-111A of breast
cancer and at least six months from the completion of adjuvant
therapy (only hormonal therapy was allowed). Participantswere
recruited from the oncology units of San Cecili University
Hospital and Virgen de las Nieves University Hospital, both in
Granada, Spain, through their reference oncologists. All
participants received oral and written information about the
assessment protocols, mHealth app characteristics, and risks
and benefits of the study, and then written consent was obtained
from al of them. The Ethics Committee on Human Research
(CEIH) from Granada province, Spain, approved this study
(FIS, PI114-01627), which was performed in accordance with
the Declaration of Helsinki [26]. The inclusion and exclusion
criteriafor this study are shown in Textbox 1.

After theinitial assessment, all participants were invited to use
the mHealth app for two months. In summary, the mHealth app
was devel oped to help breast cancer survivors overcome energy
balance challenges and aimed to both motivate and sensitize
breast cancer survivorsto adhereto fully personalized physical
exercise programsand nutritional plans, in compliancewith the
international guidelines for cancer survivors. On first use, the
users of the app recorded their personal and anthropometric data
such asweight, height, age, and type of cancer. They were then

Textbox 1. Inclusion and exclusion criteria.

Lozano-Lozano et d

asked to record what they ate (every item) and what they did
(in terms of physical activity) the day before. Regarding food
intake, BENECA usesadietary record questionnaire structured
with 6 consumption times. Regarding physical activity, patients
could record the activities they completed during the day
(intensity and duration) from 3 possible time periods (morning,
afternoon, and evening). BENECA only recordsthose activities
that have a duration of at least 10 minutes.

Based on all this information, the mHealth app provided
automatic feedback about a person’s energy balance or
imbalance as well as nutritional information about what was
ingested. In the presence of energy imbalance, it provided useful
and simple tips to improve this imbalance. All these
straightforward, daily notificationswere based on the guidelines
of the World Cancer Research Fund International [27], the
strategies for physical activity and diet in patients with cancer
from the American College of Sports Medicine [28], and the
recommendations of the American Cancer Society [29,30]. The
mHealth app was devel oped based on the theory of Learning,
on Goal-Setting Theory, and on Social Cognitive Theory so as
to include techniques such as reinforcement, facilitation,
self-monitoring, goal setting, feedback on performance and
reviewing goals, which have proven to be promising in
increasing physical activity in different populations [31,32].
The technical characteristics of the mobile application [33], as
well asvalidation of the energy balance monitoring system [34]
and its feasibility [35], have been previously published.

Participants were able to contact a researcher at any time via
WhatsApp, in case of technical problems or to discuss any
doubts they had. In addition, an online video tutorial was
available at any time.

Inclusion criteria:

.  Between 30 and 75 years of age.

*  Body massindex >25 kg/mz.

o  Stagel-IlIA of breast cancer.

Exclusion criteria
« Nomedical clearance to participate.

« Any physica health condition that prevents them from walking.

« Any physical or mental health condition that prevents them from participating in assessments.

«  Noaccessto any mobile device or tablet with an internet connection.

Outcomes M easures

To assess changes after use of the mHedth app, all
measurements were taken at baseline and 8-weeks after having
used it. Participants were called via phone for pre and
postassessments and invited to Cuidate Support Unit for
Oncology Patients, aclinical research center from the University
of Granada, Spain. Measurements taken included biological
markers, self-completed questionnaires, and both anthropometric
and physical objective measures. In addition, using the logging

http://www.jmir.org/2019/8/e15062/

data of the mHealth app, the rate of use (in days) was recorded
during the entire experimental phase of the study.

Biological Markers: Main Outcomes

Two salivary inflammatory markers were obtained: IL-6 and
CRP. Sdlivary biomarkers have previously demonstrated the
potential to be used for screening and research purposes [36].
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Sample Handling and Preparation: Salivary
I nterleukin-6 and C-reactive Protein Concentrations

Ontheday of sample collection, the participantswereinformed
of the requirements: they were not allowed to eat, drink or brush
their teeth during the two hours prior to the collection, and they
were not allowed to visit the dentist 24 hours before sampling,
with the aim of reducing therisks of contamination. They were
also not allowed to consume al cohol during the 12 hours prior
to the collection of the sample, or to take acidic or high sugar
foods. The saliva sample collection was done between 10:00
and 11:30 in the morning, and an attempt was made to match
thetimein the postassessment. Ten minutes before the collection
of the sample, participants were asked to rinse their mouths
with water. Salivawas collected by unstimulated passive drool
for 3 minutes using a polypropylene vial. Participants were
instructed to lean their heads forward, allowing the saliva to
accumulate on the floor of the mouth. Immediately after
collection, the sample was centrifuged at 3000-3500 rpm for
15 minutes (to remove mucins and other particles that might
interfere with the results), and then the supernatant was stored
in 200 L tubes (total of 5 per participant). Finally, it wasfrozen
and stored at —80°C for no longer than 3 months.

Sample Analysis (Enzyme Linked | mmunosorbent Assay
Procedures)

Once the sampling was completed, it was thawed compl etely
until reaching room temperature prior to the completion of the
solutions. The necessary sample was pipetted into dissolution
tubes, and the residual saliva not analyzed was frozen again.
The following enzyme linked immunosorbent assay (ELISA)
kits were chosen: the Salimetrics C-Reactive Protein ELISA
Kit (Kit number 1-3302, which is an enzyme-linked
immunoassay specifically designed and validated for the
guantitative measurement of salivary CRP), and the Salimetrics
IL-6 ELISA Kit (Kit number 1-3602, which is a sandwich
immunoassay specifically designed and validated for the
guantitative measurement of salivary IL-6). Both have been
designed and optimized for salivary research in humans. All
analyses and calculations were performed following the
manufacturer’s protocol, as described by Salimetrics. A total
of 15 uL and 60 L of saliva were required for the analyses of
CRP and IL-6, respectively.

Once the reagents were prepared, we designed the plate where
100 pl of the samples were added, as well as the successive
dilutions of the standard of each marker that would be used for
the design of the standard curve. The sample was covered with
an adhesive and incubated for two hours at room temperature
before mixing at the mix plate at 500 rpm. Then, the plate was
washed 4 times with wash buffer by filling and emptying the
wells to remove the solution by either aspiration or plate
inversion. After washing, antibody conjugate solution was added
(100 pL/well) and then diluted in blocking buffer in a series of
twofold dilutions. Then the plate was sealed and incubated for
2 hours at room temperature. After the incubation, we repeated
the washing as described above. Once the wash was completed,
the substrate solution was added, and the plate was incubated
in the dark at room temperature for 30 minutes before then
mixing for 5 minutes on a plate rotator at 500 rpm. Then, we
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stopped the reaction by adding the stop solution (50 pl). The
solution was mixed at the plate rotator for 3 minutesat 500 rpm.
The absorbance was then measured with a spectrophotometer
(Biotek ELx800) at 450 nm, according to kit manufacturers.
Results were compared with a standard curve that was
previously designed. All standards, controls and samples were
analyzed in duplicate.

Sdf-Completed Questionnaires

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORT
QLQ-C30) version 3.0 was used to measure quality of life of
the participants. It is a questionnaire specifically designed to
evaluate general aspects of quality of life of patientswith cancer.
Itiscomposed of aglobal scale of health status, five functional
scales (in which the higher the score, the higher the quality of
life reported) and eight symptom scales (in which the higher
the score, the greater the symptoms reported). This instrument
has shown adequate reliability [37,38].

The user version of the Mobile Application Rating Scale
(UMARS) was used to measure the satisfaction and quality of
usage of the mHealth app. This questionnaire is composed of
23 elements grouped into different sections, each of them
evaluated independently through a Likert scale of 1 to 5 points
(5 being excellent). Finally, the average scoreis calculated. This
scale has been validated and has proven to be simple, objective
and reliable [39].

An ad hoc questionnaire was used to collect clinica and
sociodemographic characteristics of participants, including the
stage of breast cancer, the type of tumor removal surgery, and
the medical treatment and hormonal therapy. The stage of breast
cancer could bel, Il or [11-A, the type of surgery was categorized
inincreasing order according to invasion of the surgery method
(lumpectomy, quadrantectomy, unilateral mastectomy and
bilateral mastectomy), the medica treatment was either a
neoadjuvant or adjuvant treatment, and the hormonal therapy
wasregistered as either taking or not taking hormonal treatment,
aswell asitstypology.

Anthropometric and Physical Objective Measures

A preprogrammed triaxial accelerometer (ActiGraph GT3X+,
Pensacola, Florida) was used to collect data on participants
physical activity over 8 consecutive days, together with a
guestionnaire diary based on a previously published protocol
of use and analysis [40,41]. Only the records of more than 4
days, and of at least 10 hours per day, were included in the
analysis. Minutes of vigorous-to-moderate physical activity
(MVPA) were recorded.

Weight (kg) and height (cm) were measured with light clothing
and without shoes. Weight was measured using an electronic
scale (model SECA 869, Hamburg, Germany), and height was
measured in the Frankfort plane using a stadiometer (model
SECA 213).

Statistical Analysis

Measures of central tendency and dispersion were used for
continuous variables with a normal distribution. Categorical
variables were reported as proportions (%). The
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Kolmogorov-Smirnov test was used to check the normal
distribution of the data. To evaluate the differences in the
biological variables (CRP and IL-6) between baseline and after
8 weeks of use of the app, a paired two-tailed t test was used.
To analyze the correlation between the different variables,
Pearson and Spearman correlation were applied as appropriate.
In this correlation analysis, the change variable (difference
between postassessment and preassessment) was used with
guantitative variables: biological variables, quality of life (EORT
QLQ-C30 global score, fatigue and pain), satisfaction with the
app (UMARS global score), use of the app (in days), MVPA
(accelerometry) and weight. The change variable was al so used
to measure changesin clinical variables such as type of tumor
removal surgery, stage of breast cancer, medical treatment and
hormonal therapy. Dispersion diagrams were used to study the
assumptions of normality, linearity and homoscedasticity. To
determine which variables could explain the variation in CRP
and IL-6 concentrations, a stepwise multiple regression analysis
was used. For the regression model with the dependent variable
of CRP, the score changes in general quality of life, hormonal
treatment, quality and satisfaction were considered independent
variables.

For the regression model with the dependent variableIL-6, type
of tumor removal surgery, and score changes in both perceived
pain and weight were considered independent variables. To be
included in the multiple regression analysis, the independent
variables had to have acorrelation coefficient of r>0.20 between
the dependent variable and the independent variable, and they
had to be significant [42]. The possible collinearity between the
independent variables was studied, and then the final model
was validated using bootstrapping (the start-up method was
carried out with repeated samples of the same size to replace
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the original samples). Two thousand repetitions were produced
to estimate the confidence intervals accelerated and corrected
for the starting bias. For statistical analyses, the level of
significance was set at P<.10. All analyses were performed
using the software Stata version 14 (Statacorp, College Station,
Texas). At least two experiments were performed in all assays.

Results

User Statistics and Clinical Characteristics

Participants were, on average, 51.35 (SD 8.58) years of age,
with a body mass index (BMI) of 28.86 (SD 8.58). A total of
64% of the BCSslisted their civil status as married and 21% as
single, with 41% having an educational status of higher
education and 31% having unfinished studies or primary school.
Table 1 summarizesclinical and sociodemographic participants
characteristics.

Participants showed moderate quality of satisfaction (score
range=0-5) with the mHealth app (mean 3.71 points; SD 0.47
points), high app usage (mean 47.9 days; SD 10.40; max=56
days), and moderate to low scores (range 0-100) in general
quality of life (mean 57.6; SD 14.07), fatigue (mean 23.14; SD
15.46), and pain (mean 45.66; SD 25.91). Finally, mean weight
was 72.56 kg (SD 10.85 kg) and the mean MVPA was 47.27
(SD 23.41). Andyzing changes in inflammatory biomarker
concentrations after using the mHealth app, differences between
preassessment CRP (4899.04 pg/ml; SD 1085.25) and IL-6
(87.15 pg/ml; SD 33.59) and postassessment CRP (4221.24
pg/ml; SD 911.55) and IL-6 (60.53 pg/ml; SD 36.31) showed
a significant decrease in both of them, with a mean difference
of —635.25 pg/ml (95% Cl —935.65 t0—334.85; P<.001) in CRP
and —26.61 pg/ml (95% Cl; —42.51 to —-10.71; P=.002) in IL-6.
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Table 1. Participants' demographics (N=73).

Lozano-Lozano et d

Variables Participants
Age (years), mean (SD) 51.35 (8.58)
Marital status, n (%)
Single 15 (20.6)
Married 47 (64.4)
Divorced 7(9.6)
Other 4(5.5)
Education, n (%)
No education 1(1.4)
Primary studies 22(30.1)
Secondary studies 20(27.4)
Higher education 30(41.1)
Employment, n (%)
Housewife 18 (24.7)
Employee 28(384)
Low 10 (13.7)
Unemployed by the disease 17 (23.3)
Cancer stage, n (%)
[ 8(11.3)
I 37(52.1)
A 26 (36.6)
Surgery, n (%)
L umpectomy 24 (32.8)
Quadrantectomy 12 (16.4)
Unilateral mastectomy 26 (35.6)
Bilateral mastectomy 11 (15.2)
Medical treatment, n (%)
None 5(6.9)
Radiation therapy alone 6(8.2)
Chemotherapy alone 5(6.9)
Chemotherapy and radiation therapy 48 (65.8)
Adjuvant chemotherapy 6(8.2)
Neoadjuvant chemotherapy 341

Correlation Analyses

Significant negative correlations were found between changes
in CRP concentration and EORT QLQ C30 genera quality of
life (r=—0.281; P=.03), with hormona therapy (r=—0.235;
P=.07), with uMARS score (r=—0.284; P=.02) and with mHealth
app usage (r=—0.263; P=.04). In addition, significant positive
correlations were found between change in I1L-6 concentration

http://www.jmir.org/2019/8/e15062/

RenderX

and EORT QLQ C30 pain (r=0.404; P=.01), with weight
(r=0.301; P=.06) and with type of tumor removal surgery
(r=0.311; P=.05).

In addition, significant correlations existed among the
independent variables (Table 2) but was only high between
UMARS score and mHealth usage (r=0.907; P<.001). Therefore,
considering multicollinearity possible (defined asr>0.70), only
UMARS score was included in the regression analyses.
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Table 2. Pearson product-moment correlation matrix for study variables.
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Variable NCRP? AIL-6° Ac3od AC30  AC30 AWweght AMV- Age  Stage Surgery Hormona  MARS" mHedth
QoL® Fatigue Pain paf BcY type therapy use
ACRP 100  _j — — — — — — — — — — —
AlL-6 0.191 1.00 — — — — — — — — — — —
Pvaue .28 — — — — — — — — — — — —
AC30 QoL -0.281 -0168 1.00 — — — — — — — — — —
Pvaue .03 .30 — — — — — — — — — — —
AC30 fatigue 0.054 0.208 -0.527 1.00 — — — — — — — — —
Pvaue .68 .20 <001 — — — — — — — — — —
AC30 pain 0.153 0404 035 0.678 1.00 — — — — — — — —
Pvaue .24 .01 .002 <001 — — — — — — — — —
AWeight 0.088 0.301 -0.183 0.088 0.04 1.00 — — — — — — —
Pvaue .50 .06 a2 46 .73 — — — — — — — —
AMVPA 0.099 0.011 -0.023 0.135 0.187 -0.116 1.00 — — — — — —
Pvaue .47 .95 .85 .29 14 .36 — — — — — — —
Age -0139 -004 0259 -0314 -0301 0.20 -0.304 1.00 — — — — —
Pvaue .28 8 .03 .01 .01 .09 .01 — — — — — —
StageBC 0.075 0.143 -0.055 0.079 -0.083 -0.045 0101 0143 100 — — — —
P value .57 .38 .65 .51 49 71 43 .23 — — — — —
Surgery type -0.158 0.311 0.092 0.023 0.009 -0.023 -0191 0110 0.282 1.00 — — —
Pvaue .22 .05 44 84 .93 .85 13 35 .02 — — — —
Hormonal -0.235 -0001 0142 -0.161 -0161 0.088 0.018 0.285 0.052 0.247 1.00 — —
therapy
P vaue .07 >.99 24 18 18 46 .88 .02 .66 .04 — — —
UMARS -0.284 -0086 -0.105 0.09 0.188 -0.028 0.101 -0309 -0.167 0.147 0.049 1.00 —
P vaue .02 57 .38 45 A1 .81 42 .01 .16 23 .68 — —
mHealthuse -0.263 -0.127 -0.101 0.112 0.184 -0.026 0081 -0402 -0122 0.144 0.014 0.907 1.00
P vaue .04 43 40 .35 A2 .82 .52 <001 .31 22 91 <.001 —

A: change between postassessment and preassessment.

BCRP; C-reactive protein.

CIL-6: interleukin-6.

dC30: EORT QLQ C-30 questionnaire.

€QoL: quality of life.

*MVPA: minutes of vi gorous-to-moderate physical activity.
9BC: breast cancer.

PUMARS: user version of the Mobile Application Rating Scale.
'mHealth: mobile health.

INot applicable.

Regression Analyses

Stepwise regression analyses revealed that changes in global
quality of life, aswell asuMARS score and hormonal therapy,
were possible predictors of change in CRP concentration after
using the app (Table 3). In the same way, the type of tumor
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removal surgery, as well as changes in weight and pain score,
were possible predictors of change in IL-6 concentration after
using the app (Table4). For both tables, r* denotesthe variability
of changein biomarker concentration explained by the predictors
in percent.
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Table 3. Summary of stepwise regression analyses to determine predictors of change in C-reactive protein concentration (r2=19%).

Independent variables  Unstandardized  95% ClI for 3 Bootstrap BCAb, o950 C| Bootstrap, B Standa_rdized t P value
coefficients, 2 coefficients, 3
Interceptil 2496.949 218.504-4775.395 4.641-4989.268 2496.949 _c 22 .03
Hormonal therapy -110.304 —286.447 t0 65.839 —272.774 10 52.166 —-110.304 -0.155 -125 22
UMARSY score —728.786 —1338.675t0-118.898 —1396.04 to —61.533 —728.785 —-0.289 -239 .02
AGlobal QoLf -18.601 —36.253t0-0.945 —-37.022t0 -0.177 —-18.605 -0.261 211 .04
B: regression coefficient.
BBCA: bias-corrected and accelerated.
°Not applicable.
9UMARS: user version of the mobile application rating scale.
€A: change between postassessment and preassessment.
fQoL: quality of life.
Table4. Summary of stepwise regression analyses to determine predictors of changein IL-6 concentration (r2=26%).
Independent variables  Unstandardized ~ 95% Cl for 3 Bootstrap BCAP, 9506 | Bootstrap, B Stendardized P value
coefficients, 2 coefficients, B
Interceptil —36.498 —68.898; —4.098 —71.773; -1.223 —-36.498 _c -228 .03
Type of surgery 8.219 —4.604; 21.04 -5.383; 21.821 8.22 0.194 13 .20
AWWei ght 4.456 -1.263; 10.176 —-0.582; 9.495 4.455 0.23 158 .08
APain score 0.667 0.054; 1.279 0.003; 1.33 0.667 0.328 221 .03

B: regression coefficient.

PBCA: bias-corrected and accelerated.

®Not applicable.

da: change between postassessment and preassessment.

Discussion

The objective of this study was to determine the preliminary
results of the possi ble association between the use of an mHealth
strategy app as adelivery mechanism to monitor energy balance
in cancer and the reduction of systemic inflammation markers,
aswell asto suggest possible predictors of thischange. Current
findings suggest that after two months of use of the app, a
significant reduction of these markers can be observed. Thus,
there could be a possible association between the two. In
addition, the changein weight, pain and quality of life, aswell
asthe type of tumor removal surgery, hormone therapy and the
UMARS score, can have a contribution in the changes found in
the concentrations of CRP and IL-6.

A system of monitoring energy balance through an mHealth
app seems to reduce the biological parameters of systemic
inflammation (CRP and IL-6). Our results suggest that after
two months of use of the mHealth app, based on the monitoring
of energy balance (in terms of diet and physical activity), the
concentration of CRP and IL-6 are significantly reduced in
BCSs. In fact, this change has a moderate effect size in CRP
(Cohen d=—0.640; 95% CI —0.985 to —0.293) and a high effect
size in IL-6 (Cohen d=—0.805; 95% CI —1.225 to —-0.379). A
study by Skogstad et al was the only one found with a design
similar to ours, as it used a virtual internet physical activity
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motivation strategy in which some biological parameters were
measured [43]. In this study, participants were included in a
motivational physical activity program in which they measured
their steps using a wrist-band accelerometer. However, unlike
our study, no differenceswerefound in CRP concentration after
the intervention, perhaps because their study target population
were healthy workerswithout pathology. The effect size reported
for both our biomarkers supports the hypothesis that these
changes are not due to time, but it is important to remark that
the quasi-experimental pre-post design of our study does not
allow us to affirm that the changes found are only attributable
to the use of the app. Therefore, a controlled and randomized
clinical trial should be carried out in the future.

Biological parameters of systemic inflammation can be mediated
or modified by lifestyles changes such as physical activity and
diet [4,6,7]. This study is the first to examine clinical and
anthropometric factors that affect changes in these biological
parameters, after using a mobile strategy to monitor energy
balance in breast cancer survivors. Because rehabilitation
strategies focus on face-to-face or distance physical activity and
diet programs, understanding the potential determinants of
reducing inflammation markers can help design more effective
intervention strategies.

The results of our study show that possible moderators of a
reduction in CRP concentration include not receiving hormonal
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therapy, as well as having higher satisfaction and changes in
quality of life (the higher quality of life change, the lower the
CRP concentration). The role of estrogen in inflammation is
poorly understood, the mechanism is not well studied, and its
relationship is very complex [44], and different studies show
contradictory results depending on different pathologies, with
some showing they are associated with an inflammatory activity,
while others show a proinflammatory role [44]. The differences
found in pre and postmenopausal women suggest that the
peripheral production of estrogens plays an important role in
these differences [44-47]. Our results provide new evidencein
thisregard, since not having received hormone therapy may be
apredictor of agreater reduction in CRP concentrationin female
survivors of breast cancer. However, estrogen’s relationship
with quality of life has been considered from another point of
view. We understand that it is not that a higher perception of
quality of lifeisa predictor of areduction of proinflammatory
markers but rather the other way around, that the diminished
inflammatory state is associated with an increase in the quality
of life[48,49]. Ultimately, our results suggest a higher scorein
UMARS as a predictor of the change in CRP concentration. In
addition, there is a strong association between satisfaction and
quality with the amount of time spent on the mHealth app. If
women with the highest score in uMARS use the mHealth app
more, then the reduction in inflammatory markers could be due
tothedirect relationship caused by ahealthier lifestyle[6,50,51].

The results of our study also show possible moderators of the
reduction in IL-6 include the type of tumor removal surgery
(less invasive surgery), as well as changes in both weight and
pain (the greater the reduction of these factors, the greater the
reduction of I1L-6). These results are consistent with the known
bidirectional relationship between obesity and low-grade
inflammation, which contributes to systemic metabolic
dysfunction that is associated with obesity-linked disorders[4].
In the same way, an inflammatory reaction is aso mediated by
the classic cardinal signs of inflammation (eg, pain) [52].
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Therefore, itislogical to think that areduction in pain reported
by breast cancer survivors can be a predictor of areduction in
IL-6 concentration such as that observed in our results. Finally,
there is a lot of scientific evidence to support the use of
minimally invasive surgical techniques since they don’t raise
inflammatory reactants as much, and these findings may support
the relationship between IL-6 and the type of tumor removal
surgery found in our results [53-56].

It is worth highlighting some strengths and limitations of the
present study. The main strength liesin the nature of the study.
To the best of our knowledge, thisisthefirst study that proposes
a mobile strategy to monitor energy balance as a mediator in
the reduction of proinflammatory markers in BCSs. If future
research supports our results, wewill have found another support
strategy for cancer survivors that is low cost and accessible to
everyone and which could reduce markers highly related to the
risk of recurrence. However, there are al'so many limitationsto
be noted. The main limitation liesin the design of the study, as
well as the sample size, which prevents us from speaking in

terms of causality and effectiveness. In addition, ther? obtained
in the multiple regression models was low. However, we must
not forget that we are trying to explain biological parameters
with nonbiological variables. Our results may support the
biopsychosocial model, since it shows how biology can be
modified through these variables. Other biological parameters
that can justify the rest of the variability that has remained to
be explained should be taken into account in the future.

In conclusion, through the results of this study, we hypothesize
that there is a possible association between an mHealth energy
balance monitoring strategy app and biological changesin BCSs.
These changes could be explained by different biopsychosocial
parameters such as the use of the application itself, quality of
life, pain, type of tumor removal surgery, hormonal treatment
or obesity. Future studies should be carried out with a specific
focuson al these biological parameters, and with an appropriate
study design, to support these findings.
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Abstract

Background: IntelliCare is a modular platform that includes 12 simple apps targeting specific psychological strategies for
common mental health problems.

Objective:  This study aimed to examine the effect of 2 methods of maintaining engagement with the IntelliCare platform,
coaching, and receipt of weekly recommendationsto try different apps on depression, anxiety, and app use.

Methods: A total of 301 participants with depression or anxiety were randomized to 1 of 4 treatments lasting 8 weeks and were
followed for 6 months posttreatment. The trial used a 2X2 factorial design (coached vs self-guided treatment and weekly app
recommendations vs no recommendations) to compare engagement metrics.

Results: The median timeto last use of any app during treatment was 56 days (interquartile range 54-57), with 253 participants
(84.0%, 253/301) continuing to use the apps over amedian of 92 days posttreatment. Receipt of weekly recommendations resulted
in asignificantly higher number of app use sessions during treatment (overall median=216; P=.04) but only marginal effectsfor
timeto last use (P=.06) and number of app downloads (P=.08). Coaching resulted in significantly more app downloads (P<.001),
but there were no significant effectsfor timeto last download or number of app sessions (P=.36) or timeto last download (P=.08).
Participants showed significant reductions in the Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder-7
(GAD-7) across al treatment arms (P s<.001). Coached treatment led to larger GAD-7 reductions than those observed for
self-guided treatment (P=.03), but the effects for the PHQ-9 did not reach significance (P=.06). Significant interaction was
observed between receiving recommendations and time for the PHQ-9 (P=.04), but there were no significant effects for GAD-7
(P=.58).

Conclusions: IntelliCare produced strong engagement with apps across all treatment arms. Coaching was associated with
stronger anxiety outcomes, and receipt of recommendations enhanced depression outcomes.

Trial Registration: Clinical Trials.gov NCT02801877; https://clinicaltrials.gov/ct2/show/NCT02801877

(J Med Internet Res 2019;21(8):€13609) doi:10.2196/13609
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Introduction

Background

Depression and anxiety are common mental health problems
that impose a very high societal burden in terms of cost,
morbidity, quality of life, and disability worldwide [1-4]. Most
people experiencing these common mental health problems
cannot accesstreatment because of avariety of barriersincluding
the lack of availability of services, time constraints,
transportation problems, and high cost [5,6]. A wide variety of
digital mental health interventions have demonstrated efficacy.
Adherence and outcomes appear to be stronger when coupled
with human coaching through telephone or messaging than in
self-guided digital interventions[7-9]. Mobileapps, in particular,
have a number of advantages. Smartphones are becoming
ubiquitousin developed countries and areincreasingly common
in developing nations [10]. As people keep their phones with
them, app-based interventions can fit more seamlessly into the
fabric of people’'slives.

Most digital interventions for depression or anxiety are single
Web-based and mobile apps. Very few of the publicly available
apps have been rigorously tested, with reviews suggesting that
the percentage of available appsfor depression and anxiety with
any evidence of effectiveness may be around 2.6% to 3.8%
[11,12]. A common design approach is to adapt an effective
psychotherapeutic model such as cognitive behavioral therapy
(CBT) and digitize it into an app format. Such apps typically
contain a multitude of features related to the treatment model
on which they are based. For example, in CBT, these apps might
contain psychoeducation, symptom tracking, activity monitoring,
activity scheduling, and cognitive restructuring [13]. This
approach of feature-rich apps does not recognize how most
people currently tend to use apps and their smartphones. In
general, digital technologies have core features that break into
basic components, alowing users to piece together those
components that are most useful. For example, people tend not
to have 1 app to meet their transportation needs; rather, they
usualy have multiple apps that search for locations and map
routes, and different apps for different modes of transportation.
Different people likely use different apps according to their
preferencesand lifestyles. Typically, popular apps serve singular
purposes, such as searching for restaurants or businesses,
managing flights, or posting pictures. People tend to use apps
in very short bursts of time, and sometimes frequently [14,15].
Thus, appstend to support asingle or limited set of related tasks
through simple, quick interactions. Indeed, even when people
do use existing mental health apps, they typically only use 1 or
2 features. For example, in an evaluation of PE Coach, which
contains a number of features, it was found that clinicians and
patients mostly used the app to audio-record sessions[16]. This
gap between the design of mental health apps, whichistypically
based on complex psychotherapy models, and how people use
their devices, which commonly occursin short burstsfor single
purposes, likely is 1 reason for thelow engagement with mental
health apps seen in real-world settings [17].
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The IntelliCare platform was designed to address user
engagement problems by providing self-help strategies and
skills training in a manner that is consistent with how people
use mobile phones. Rather than a single app containing a
comprehensive set of behavioral strategies, the IntelliCare
platform currently comprises 12 apps, each of which isfocused
on a single psychological or behaviora strategy. The time
required for each use is short, with most uses lasting less than
1 min [18]. Thus, apps can be integrated more seamlessly into
aperson’s life. Users are able to select and use apps that they
find helpful and ignore the ones they do not like. A Hub app,
if downloaded, coordinates the user’s experience and provides
weekly recommendations to try new apps. The provision of
recommendations appears to be an important component in
maintaining engagement with the IntelliCare platform. Indeed,
the receipt of these recommendations has been shown toincrease
the likelihood that an individua will download the
recommended app [19,20].

IntelliCare apps have been available on the Google Play Store,
beginning in 2014, and have been downloaded more than
100,000 times. An initial field trial, in which participants
received 8 weeks of coaching primarily through text messages,
showed substantial improvementsin both depressive and anxiety
symptoms’ severity, and strong, consistent engagement of an
average of 3 to 4 app launches each day over the full 8 weeks
[18]. Interestingly, although the coached field trial showed
participants used most of the apps, the average use within any
individual app was substantially different from that observed
among users who simply downloaded the apps through the
Google Play Store, suggesting that coaches may have
encouraged exploration of new apps but did not appear to
influence continued use once users had downloaded and tried
the apps. Thus, there appear to be 2 methods of encouraging
exploration in app platforms such as IntelliCare: coaching and
automated recommendations.

Although sustained behavioral engagement, or app usage, has
been noted to be a mgor problem in digital mental health
interventions [21,22], few investigations have systematically
explored different methods of maintaining engagement.
Moreover, 1 study explored a factorial design of 5 different
engagement elements, including automated versus human
support, text messages, tailoring of success stories,
personalization of content, and multimedia and interactive
materials [23]. Human support was the only element that
improved outcomes during the intervention period, which is
consistent with alarge body of literature showing human support
improves engagement and outcomes [7,24]. However, those
who received automated support experienced more change
during the postintervention period. Given the ubiquity of app
store recommendations, thisisapromising element to eval uate.

Objectives
This study aimed to examine the effect of 2 separate methods

of maintaining engagement with the IntelliCare platform:
coaching and receipt of weekly recommendationsto try different
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apps. We hypothesized that coaching would produce better
engagement with the apps and greater reductionsin symptoms
of depression and anxiety than that associated with self-guided
use, and those who received both coaching and app
recommendations would have the greatest reductions in
symptoms and highest use of apps.

Methods

Participants

Participants were recruited from July 5, 2016, to May 5, 2017,
through a variety of digital (eg, Instagram, Facebook, and
Reddit) and print (eg, advertisements on Chicago Transit
Authority bus and train lines) sources as well as research
registries (eg, ResearchMatch), commercia recruitment firms
(eg, Focus Pointe Global), and media coverage using methods
that have been previously described [25,26]. Participants were
included if they met criteria for depression (Patient Health
Questionnaire-9 [PHQ-9]=10) [27] or anxiety (Generalized
Anxiety Disorder-7 [GAD-7]=8) [28], were aged 18 years or
older (aged 19 years if in Nebraska, given age of consent),
resided in the United States, could speak and read English, and
had an Android phone with data and text plans. Participants
were excluded if they (1) had visua, voice, motor, or hearing
impairmentsthat would prevent participation; (2) met diagnostic
criteria for a severe psychiatric disorder such as psychotic or
bipolar disorders for which study treatments would be
inappropriate; (3) imminent suicidality that included both aplan
and intent; (4) had initiated or modified antidepressant
pharmacotherapy in the previous 14 days; or (5) had used any
IntelliCare app more than 1 time in the 3 months before study
screening.

All procedures were approved by theingtitutional review board
of Northwestern University. Participants compl eted a Web-based
consent form, and aresearch assistant reviewed the Web-based
consent document to ensure comprehension questions were
answered correctly and that the consent form was signed. Any
questions or concerns were then reviewed with participants.
The tridl was monitored by an independent data safety
monitoring board.

Treatments

Thistrial used a2 x 2 factorial design (coached vs self-guided
treatment and weekly app recommendations vs no
recommendations), resulting in 4 treatment cells. A no treatment
or waitlist control was not included because it would be
impossible to prevent control participants from accessing the
apps, which are freely available on the Google Play Store, and
it could not be reliably determined which apps were accessed
and when. The IntelliCare platform, coaching protocol, and the
recommended system are described bel ow.

IntelliCare Platform

All participants received accessto the I ntelli Care platform apps.
At thetime of thistrial, the IntelliCare platform consisted of 13
apps[18,20]. Thisincluded 12 clinical apps, each of which was
designed to target a specific behavioral or psychological
treatment strategy (eg, goa setting, behavioral activation, socia
support, living one’s values, cognitive restructuring, emotion
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regulation, positive self-affirmations, coping, exercisefor mood,
deep hygiene, relaxation, and psychoeducation with reminders)
and improve symptoms of depression and anxiety through
efficacious treatment strategies. Most apps were designed to
require less than 30 seconds to use. Apps included automated
reminders to encourage engagement and for both app use and
implementation of the strategies. The user’s experience with
the clinical apps was coordinated through a Hub app that
consolidated automated notifications and provided app
recommendations for those who were randomized to receive
recommendations. No substantive changes were made to the
apps during the course of the trial.

Coaching Versus Self-Guidance

Coaching was guided by the IntelliCare coaching manual [29],
which isbased on the supportive accountability model [30] and
the efficiency model [31], and was aimed primarily at
encouraging participants to try the apps, answering questions
about how to use the tools represented in the apps and the
rationale behind the skills taught by the apps, encouraging
application of the skills in daily life, and providing some
technical support as needed. Coaching began with aninitial 30-
to 45-min engagement phone call to explain the program,
understand the participant's goals for mood and anxiety
management, set expectations for the coach-participant
relationship, build rapport, and ensure the Hub app was properly
installed on the participant’s phone. After theinitial engagement
call, participants received 2 to 3 text messages per week from
their coach to provide support in using apps, offer
encouragement, reinforce app use, and check-in on progress or
challenges. Coaches also responded to al participant-initiated
text messages within 1 working day. Coaches offered but did
not require an additional 10-min call around midtreatment to
support engagement. The coaches had adashboard that provided
information about the IntelliCare apps on each participant’s
phone, including which apps were installed, when they were
downloaded, each time an app was used, and which apps were
selected as primary in the Hub app. The dashboard a so included
a short message service text messaging tool, a section for brief
notes, and an aert indicating when no IntelliCare app had been
used for 3 days or when a participant sent a text message
indicating they might be at risk for self-harm, which resulted
in an automated safety response and prompted coaches to
check-in. Coaches had at |east abachelor’s degreein psychology
or arelated field and were trained and monitored by 1 of the
coaching manual authors.

Participants assigned to self-guidance received the initial 10-
to 15-min engagement call to ensure the Hub app was properly
installed and that they understood how to use the IntelliCare
platform but had no further contact with coaches.

Recommendations

Participants randomized to the recommendation arm received
aweekly tray notification on their phone’s home screen, which
took them to the Hub app, where they were provided with
weekly recommendations for new apps. Touching the
recommendation button took them to the app store where they
could download the recommended app. The recommendation
engine used app usage data from approximately 100,000 users
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who had downloaded the Intelli Care apps from the Google Play
Store to identify, based on the individual user’s app use profile,
apps that the individual was more likely to use. Participants
were asked to at least to try the newly recommended apps but
were encouraged to use the apps they found most helpful.

Those participants who were in the no recommendation arm
had the recommendation feature in the Hub app removed and
were simply encouraged to explore the apps on the IntelliCare
platform.

Outcome Assessment

Depression was measured using the PHQ-9 [27], and anxiety
was measured using the GAD-7 [32]. These measures were
administered as Web-based self-reports through Research
Electronic Data Capture [33] at baseline, week 4, week 8 (end
of treatment), and 3- and 6-month follow-up and compl eted by
the participants themselves.

Engagement was defined using 3 commonly used behavioral
engagement metrics [34]: time to last use, number of app
sessions, and number of apps downloaded. Number of app
sessionsisavery common metric. Timeto last use was defined
as the time between the first launch and the last launch of any
app during the 8-week trial or posttrial period. Posttrial app use
data were truncated at 6 months to avoid biases related to time
of entry into the trial. Number of app sessions is a commonly
used metric. In this study, an app use session was defined as a
sequence of user-initiated actions or events separated by less
than 5 min between events. A new app launch (or session) was
defined asanew activity after 5 min of no activity (we notethat
some apps have audio or video content that may last longer than
5 min, inwhich case, the running content is counted as activity).
Number of apps downloaded issimilar to the number of features
or modules used in feature-rich applications [34]. Given the
IntelliCare unbundled features into individual apps, this was
defined here as the number of apps downloaded with at least
one launch.

Randomization and Masking

A dtatistician provided a sequentially masked randomization
scheme, created before the start of the trial, assigning
participantsto (1) coached with recommendations, (2) coached
without  recommendations, (3) sdf-guided  with
recommendations, and (4) self-guided without recommendations,
stratified by current antidepressant medication status and
psychotherapy status, with ablock size of 4 within each stratum.

Statistical Analyses

Power was calculated on the assumption that approximately
50% of patients stop using the apps by week 7 based on previous
electronic health work [35]. We powered for an effect size of
0.30 or a difference between 50% and 61.6% between groups.
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Onthebasisof atypel error rate of 5% and 80% power, power
calculations using a log-rank test indicated a required sample
size of 135 per arm (total sample of 270). Assuming 15
participants would be lost to follow-up in each arm, we aimed
to recruit 150 participantsin each arm. This provided power to
detect effect sizes of 0.34 for clinical outcomes based on
independent t tests. Week 7 was selected, rather than week 8,
to avoid any end-of-treatment effects that might occur, such as
participants ceasing or reinitiating engagement as a result of
approaching end of treatment. Power calculations were
performed using PASS 2008. No power calculations were
performed to determine effect sizes detectable when examining
the relationship between use metrics and patient-centered
outcomes, as those were secondary aims.

Descriptive statistics are provided for baseline demographic
variables across the 4 groups. Log-rank tests were performed
to determine if the time to study dropout was different for each
of the main effects, Kaplan-Meier plots are presented, and the
engagement rate at 7 weeks. Cox proportional hazard models
were used to compare the main effects while adjusting for
randomization strata, medication use, age, and sex. Mean and
standard deviation for PHQ-9 and GAD-7 over time and
randomization groups are presented. Generalized linear mixed
models were used to compare patient outcomes, adjusting for
randomization strata, and baseline values of PHQ-9 or GAD-7,
and assuming aheterogeneous unstructured covariance structure
by randomization strata. First, 3-way interactions between time
and the main effects of the 2X2 factorial were tested. If those
were not significant, 2-way interactions with each main effect
and time were modeled and, subsequently, models with main
effects without the interaction. If interactions were not
significant, within the main effect of time, |east square means
and differences adjusting for randomization strata, relative to
baseline, were tested using Dunnett adjustment for multiple
comparisons. Owing to the skewed nature of use data, app
launches and time to last use were compared using
nonparametric Kruskal-Wallistestswhen comparing all 4 groups
and Wilcoxon rank-sum test if comparing 2 groups. The
relationship between use data and treatment outcome was
examined using linear model s adjusting for baseline PHQ-9 or
GAD-7 and randomization strata. All analyses were runin R
version 3.5.1 or SASversion 9.4 [36].

Results

Participants

Theflow of participants through the study isdepicted in Fi