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Abstract

Background: Context-aware systems, also known as context-sensitive systems, are computing applications designed to capture,
interpret, and use contextual information and provide adaptive services according to the current context of use. Context-aware
systems have the potential to support patients with chronic conditions, however, little is known about how such systems have
been utilized to facilitate patient work.

Objective: This study aimed to characterize the different tasks and contexts in which context-aware systems for patient work
were used as well as to assess any existing evidence about the impact of such systems on health-related process or outcome
measures.

Methods: A total of 6 databases (MEDLINE, EMBASE, CINAHL, ACM Digital, Web of Science, and Scopus) were scanned
using a predefined search strategy. Studies were included in the review if they focused on patients with chronic conditions,
involved the use of acontext-aware system to support patients” health-related activities, and reported the eval uation of the systems
by the users. Studies were screened by independent reviewers, and a narrative synthesis of included studies was conducted.

Results: The database search retrieved 1478 citations; 6 papers were included, al published from 2009 onwards. The mgjority
of the papers were quasi-experimental and involved pilot and usability testing with a small number of users; there were no
randomized controlled trials (RCTSs) to evaluate the efficacy of a context-aware system. In the included studies, context was
captured using sensors or self-reports, sometimes involving both. Most studies used a combination of sensor technology and
mobile appsto deliver personalized feedback. A total of 3 studies examined theimpact of interventions on health-rel ated measures,
showing positive resullts.

Conclusions: The use of context-aware systems to support patient work is an emerging area of research. RCTs are needed to
evaluate the effectiveness of context-aware systemsin improving patient work, self-management practices, and health outcomes
in chronic disease patients.

(J Med Internet Res 2019;21(6):€10896) doi:10.2196/10896
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self-care; medical informatics; mobile applications; chronic disease; self-management
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Introduction

Background

Ashealth care movesfrom thetraditional hospital setting to the
personal sphere of home and community, individuals are
increasingly being encouraged to engage in self-care [1,2].
Sociologistsrefer to thisact of self-care as patient work, which
involves effort and investment of time on the part of patients
or family membersto accomplish ahealth goal [3]. Patient work
extends beyond strictly health-related tasks and is shaped by
the context of patients’ lives and their daily routines[1]. It has
been suggested that the use of context-aware technol ogies may
thus better support patient work and improve self-care, as
contextual information could trigger more personalized and
relevant services or information [4].

Context-aware systems, aso known as context-sensitive
systems, are computing applications designed to capture,
interpret, and use contextua information and provide adaptive
services according to the current context of use [4,5].
Context-aware systems may thus harness everything from
sensors that capture data indicative of context (such as time,
location, and light intensity) to inference mechanisms that
interpret and action such data [5]. Even though context-aware
systems have been piloted in some health care settings, their
impact on health care outcomes remains unclear. Specifically,
context-aware systems have mainly been piloted in the hospital
setting [4] and for primary prevention [6-8], rarely addressing
the context of chronic disease patients' health-related activities
in everyday life.

Objectives

The aim of this study was to examine existing literature on
interventions using context-aware technologies that support
patient work. Specifically, we sought to characterize the
different tasks and contexts in which such systems were used,

as well as assess any existing evidence about their impact on
health-related process and outcome measures.

Methods

Search Strategy

A systematic search of the literature was performed in
September 2016 and updated in October 2017 on MEDLINE,
EMBASE, CINAHL, ACM Digital, Web of Science, and Scopus
using search terms regarding patient work, context awareness,
and consumer health informatics. The complete search strategy
is available in Multimedia Appendix 1. The reference lists of
relevant articles were also screened to ensure that all igible
studies were captured. A grey literature search was performed
using Google Scholar to capture dissertations, theses, and
conference proceedings that met the inclusion criteria.

Study Selection Criteria

In the scope of our study, we focused on context-aware systems
that were capable of (1) capturing and processing contextual
information (eg, environmental data and user-related features)
and (2) using the captured contextual information to provide

http://www.jmir.org/2019/6/€10896/

Yineta

adaptive services and support patient work tasks in everyday
life, either at home or in the community.

Studies were included in the review if they focused on patients
with chronic conditions, involved the use of a context-aware
system to support patients’ health-related activities, and reported
the evaluation of the systems by the users.

Studies were excluded if they were not in English or if they
focused on health care providersinstead of consumers. We also
excluded interventions that merely gathered and displayed
context information, without using it to adapt system behavior
(passive context awareness), as this was outside the scope of
this study.

Paper Screening Process

We conducted a 2-phase screening process, initially excluding
papers based on their titles and abstracts using a standard
screening form, and then rescreening the remaining papers based
on the full-text article.

Both phases were conducted by teams of 2 independent
reviewers (2 teamsin thefirst phase and 1 in the second). Cohen
kappa was used in the full-text paper screening to measure
intercoder agreement. Any disagreementsin the screening were
resolved through discussion and consensus.

Data Extraction and Synthesis Strategy

One reviewer extracted information from the eligible studies
into adata extraction form, whereas 2 other reviewers examined
the completed form for consistency and accuracy. Thefollowing
information was collected: first author, year, health domain,
study type, participants’ characteristics (number, age, and sex
ratio), intervention characteristics, heath activities (tasks
undertaken by patients to achieve heath goals), and main
findings. To explore how context was utilized by the included
studies, we analyzed the related contextual elements based on
previouswork [4,9]. Context information was grouped into the
following dimensions: setting (indoor or outdoor), environmental
features (indoor and outdoor attributes, eg, room temperature,
humidity, and air pollen), and user features (user-related data
captured by the system, eg, physical activity, physiological
measurements, and mental state). Time is also considered an
important element, but it is often coupled with other dimensions,
SO it was not analyzed separately in this review. Finally, we
characterized the utilization of context for each study (ie, the
adaptive services provided by the system based on contextual
data).

Our study design follows the guidelines for a scoping review
proposed by Arksey and O'Malley (2005) and follows the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement [10], where applicable.

Results

Retrieved Studies

The database search retrieved 1478 citations; 607 duplicates
were removed (Figure 1). After screening the abstracts and
titles, 768 articles were excluded for not meeting the eligibility
criteria. Full-text screening eliminated 36 articles (a list of
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excluded articles is available in Multimedia Appendix 2). An
additional 2 articles were found via hand-search, yielding 6
included studies in total. The kappa statistic measuring
inter-rater agreement for full-text screening was 0.6 (moderate
agreement) [11].

Description of Included Studies

The number of participantsin studiesranged from 4 to 47 (Table
1). A total of 1 study was conducted in Canada [12], 2 in the
United States [13,14], and 2 in Europe [15,16]. Most articles

Figure 1. Flow diagram of included studies.

Medline n=172
Embase n=250
CINAHL n=45
ACM Digital n=151
Web of Science =430
Scopus n=430
Total n=1478

Yineta

were published after 2010 except 1 [17]. The health domains
covered in the studies included asthma [13], cardiovascular
disease [16], kidney disease [12], Parkinson disease [17],
diabetes[15], and mental health [14]. All included studies used
quasi-experimental study designs to pilot test different
context-aware systems. Demographic information on
participants was often missing and inconsistently reported.
Specifically, age data were reported by 3 studies [12,14,17],
and 4 studies reported sex data[12,14,15,17].

h A

Title and abstract screening
N=B08

v

607 duplicates removed

772 records removed

Full text screening
N=36

v

based on title or abstract

32 articles removed for

|

Articles included after full-text
review

v

not meeting inclusion
criteria

2 articles included from

hand-search

Articles included in the scoping
review
N=6
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Table 1. Characteristics of included studies and context-aware systems.

Yineta

Study author, Healthdomain Study type; N total (mean  Health activities Patient-facing Functions
year, location duration age, % female) technologies
Béchlineta, Parkinsondiss Quas-experi- 10 patients Self-management of gait Acceleration  Detect movement and freezing of gait
2009, Israel ease mental; not  (66.4, 30) deficitsin Parkinson pa-  sensors
1 ted tient . .
[17] Eﬁlch{))r ents Earphonesand  Produce sound when freezing of gait
wearablecom-  occurs (continuous external rhythmic
puter auditory cues improve gait perfor-
mance)>
Onget d, Chronickid-  Ques-experi- 47 patientswith  Self-management of WirelessBP ~ Measure BP
2016, Canada ney disease mental; 6 chronickidney chronic kidney disease ~ monitor
12 th i 47 f- itor bl
[12] months disease (59, 47) - (self-monitor blood pres- Mobile app Personalized real-timefeedback on BP;
sure[BP] and symptoms, . f o
manage medications, reminders (eg, reconcile mgdlcatlon,
track lab test results) and measure BP); self-monitor symp-
toms; access to lab test results and
medication list
Lamprinoset  Diabetes Quas-experi- InGermany: 21 Self-management of dia= Mobile app Self-monitor (eg, blood glucose,
al, 2016, Ger- mental; 6 patients (NR, betes (self-monitor physi- and website  weight, BP, medication, physical activ-
many and weeks 24); In Turkey:  ological measures; man- ity, diet, and sleep); personalized feed-
Turkey [15] 39 patients age medications and back (decision making and action
(NR, 46) lifestyle behaviors) planning)
Zhang et d, Cardiovascu-  Quas-experi- 5healthy young  Self-management of car- Wearable sen-  Track physical activity, heart rate, skin
2016, Ger- lar disease mental; NR  adults (NR) diovascular disease (self-  sors temperature, cardiac and pulmonary
many [16] monitor heart rate and function, posture
identify abnormalities) .

Environmental Detect room temperature

Sensors

Mobile app Retrieve sensor data; trigger an larm
when an abnormal heartbeat is detected

Anantharamet  Asthma Quasi-experi- 4 children (NR)  Self-management of Indoor sensor  Monitor environmental and air quality
al, 2015, Unit- mental; 10 asthma (self-monitor observations (eg, pollen levels, carbon
ed States [13] days symptoms and identify monoxide, temperature, and humidity)
triggers) Exhdedair  Monitor exhaled nitric oxide (indicator

sensor of inflammation)

Mobile app Gather and display sensor data; record
users' observations (eg, asthma-related
symptoms) viaguestionnaires; person-
alized feedback

Burnset al, Major depres- Quas-experi- 8 patients(37.4, Self-management of de- Mobile phone Collect dataonlocation, ambient light,
2011, United sivedisorder mental; 8 88) pression (self-monitor Sensors phone usage
States [14 eek t d identif . . . .
es[14] WesKs tsgi/gz;p)er?sr)ns andidentily Website Provide behavioral therapy; display
data collected from the mobile phone
Mobile app Caollect self-reported data on socidl

context, activity, location, and internal
states (ie, mood) viaecologica momen-
tary assessment; integrate self-reports
with sensor data; personalized feed-
back; predict patient states based on
self-reports and sensor data

Context Elements and Technologies of Current
I nterventions

The contextual elements of each included study are summarized
in Table 2. A total of 2 studies focused on indoor settings
[13,17], and 4 studiesinvol ved both indoor and outdoor settings
[12,14-16]. Context was captured using sensors [12-14,16,17]
and self-reports [12-15]. A total of 1 particular study used

http://www.jmir.org/2019/6/€10896/

RenderX

ecological momentary assessment to capture self-reported data
on social context, activity, and internal states (ie, mood) [14].
Sensors captured dataon location, ambient light [14], air quality
[13], room temperature[16], and physiological measures (blood
pressure [BP], heart rate, skin temperature, cardiac function,
exhaled nitric oxide) [ 12,13,16]. Acceleration sensorswere used
to track movement and physical activity [16,17].
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Table 2. Context elements present in included studies.

Yineta

Study, year Settings Environmental User features Utilization of context
features
Béchlin, 2009 [14] Indoor None Movement tracking Real-time movement tracking system trig-
gering cueing sound upon detection of
freezing of gait.
Ong, 2016 [12] Indoorand  None Blood pressure (BP) Providereal-time personalized feedback on
outdoor BP (eg, uncontrolled BP triggered reminder
messages recommending an increasein
frequency of self-monitoring).
Lamprinos, 2016 [15] Indoorand  None Physical activity tracking (step counts), Createsapersonalized action plan based on
outdoor sleep tracking, blood glucose, BP, weight,  patient-recorded data and generates self-
mood, nutrition management recommendations.
Zhang, 2016 [16] Indoorand  Roomtempera=  Physical activity tracking (standing, walk-  Trigger an alarm when an abnormal heart-
outdoor ture ing, running, jumping, walking upstairsor  beat is detected.
downstairs), heart rate, skin temperature,
cardiac function, pulmonary function, pos-
ture
Anantharam, 2015[13] Indoor Carbon monox-  Exhaled nitric oxide, asthma-related symp-  Provide personalized actionable recommen-
ide, temperature, toms (eg, coughing and chest tightness) dations based on sensor data and patient-
humidity, pollen reported information (eg, identify and alert
levels patients regarding triggers).
Burns, 2011 [13] Indoorand  Locationsensing, Physical activity tracking, social context Predict patient states based on self-reported
outdoor ambient light (eg, interactions with other people), andin-  and sensor data (using machine learning),

ternal states (mood, intensity of discrete
emotions, fatigue, sense of accomplishment,
concentration and engagement, and per-
ceived control over current activities);
manually self-reported via ecological mo-

displaying them on the mobile app. Future
iterations will involve the use of predicted
states to provide rea -time interventions.

mentary assessment

Most studies used a combination of sensor technology and
mobile apps, where the sensors collected context information,
and the apps utilized those datato deliver personalized feedback
[12-14,16]. Only 1 study did not involve the use of sensors,
collecting contextual information solely through user self-reports
[15]. In another intervention, asensor was used without amobile
app, where context was harnessed with the help of a wearable
computer, and earphones delivered auditory cues to improve
gait performance in Parkinson patients [17].

Health Activities and Health-Related M easures

Self-monitoring was the most frequent health activity supported
by context-aware systems in the included studies, where the
collected datawere then used to provide personalized feedback.
Self-monitored data included physiological measures (eg, BP)
[12,13,15,16], symptoms [12-14], and lifestyle behaviors[15].
Other health activities included tracking lab test results [12],
managing medications[12,15], and practicing specific behaviors
(eg, overcoming freezing of gait) [17].

Only 3 studies reported the impact of the intervention on
health-related measures[12,14]. Specificaly, Bachlin[17] found
that theintervention had a sensitivity of 73.1% and a specificity
of 81.6% in detecting freezing of gait events. Ong et al [12]
found statistically significant reductions in home BP readings
between baseline and after intervention (systolic BP: —-3.4
mmHg; 95% Cl 5.0 to —1.8; diastolic BP: —2.1 mmHg; 95%
Cl —2.9t0-1.2). Burns et a [14] found a significant decrease
in self-reported depressive symptoms (P<.001; per-protocol

http://www.jmir.org/2019/6/€10896/

Cohen d=3.43) and comorbid anxiety symptoms (P<.001,
per-protocol Cohen d=2.58) [14]).

No studies mentioned a thorough evaluation of patient safety
problems. A total of 4 studies highlighted technical issues such
as system downtime [15], battery drainage problems [13,14],
and wearable sensor issues in activity detection [16].

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst systematic scoping
review to examine context-aware interventionsto support patient
work. The emerging nature of the field is reflected in the small
number of included studies, their recent time of publication (all
after 2010), and the predominance of quasi-experimental study
designs. The majority of the papersinvolved pilot and usability
testing with asmall number of users; there were no randomized
controlled trials (RCTs) to evaluate the efficacy of a
context-aware system. In the included studies, context was
captured using sensors or self-reports, sometimes involving
both. Most studies used a combination of sensor technology
and mobile appsto deliver personalized feedback. A total of 3
studies examined the impact of interventions on health-related
measures, showing moderate-to-good sensitivity and specificity
in detecting freezing of gait eventsin Parkinson patients [17],
aswell as significant improvements in BP [12] and reductions
in depression symptoms and comorbid anxiety symptoms[14].
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Comparison With Previous Literature

Other reviews have looked at the use of context awarenessin
health care [4,18]. Bricon-Souf (2007) found that there was a
large gap between the requirements expressed by users and the
context-aware prototypes devel oped. In addition, they reported
that there was no consensusin the research community on how
tomodel context and architecturesto support itsuse. Similarly,
Orwat et a revealed that most systems were described in their
prototype stage and that implementation issues were rarely
mentioned.

Our study, though only focused on patient work, also revealed
comparable findings. Most studies described prototypes, and
only 3 studies examined the impact of interventions on
health-rel ated measures, showing promising resultsin detecting
freezing of gait eventsin Parkinson patients [17], aswell asin
improving BP[12] and depression and anxiety symptoms|[14].
The use of context-awareness systems in patient work
interventions has the potential to facilitate self-monitoring and
improve the relevance and quality of the feedback provided,
personalizing it to better fit participants' context [12-14,16].
This sort of “just-in-time” support [19] has the potential to
facilitate patient work and improve the self-management of
chronic conditions, by providing the advice patients need to
make health management decisions at theright time, on adaily
basis. Ameliorating self-management practicesisacornerstone
of quality improvement efforts in chronic disease care and is
associated with better health outcomes in several conditions
such astype 2 diabetes[20].

The costs and risks of using context-aware systems for patient
work were rarely reported in the included studies. A total of 4
studies highlighted technical issues such as system downtime
[15], battery drainage problems [13,14], and wearable sensor
issues in activity detection [16]. No studies mentioned a
thorough evaluation of patient safety problems. Future studies
should consistently report unintended effects and possible harms
of the systems, such as privacy, technical issues, or any other
unanticipated incidents [21].

Strengths and Limitations

This systematic scoping review has several strengths in terms
of study design. First, an extensive search was performed across
multiple databases to ensure that all relevant studies were
captured. Second, the screening form was pretested and piloted
before screening. Third, all full-text papers were screened by 2
independent reviewers. Finally, the kappa score of 0.6 for the
full-text screening phase revealed an acceptable level of
agreement.

Acknowledgments

Yineta

The results of our study need to be interpreted in light of some
limitations. Given that this is an emerging field in health
informatics, there is a lack of longitudinal and experimental
studies, which hampers the evaluation of the impact of these
interventions. This is the reason why a systematic scoping
review was conducted instead of a systematic review.

Another limitation was the exclusion of non-English papers.
Even though this was conducted to ensure that all the authors
could adequately understand and make an informed decision
based on the abstracts, we might have missed important papers
on patient work.

Implications for Research and Health Care

The use of context-aware systems to support patient work is a
promising area of research, as these interventions have the
potential to facilitate self-monitoring and provide personalized
just-in-time feedback based on users characteristics and
environmental features, with the aim of improving disease
management and clinical outcomes. Specifically, theincreasing
use of sensorsto automatically collect context information could
eliminate the need for sdlf-reporting and manual data entry,
streamlining the task of self-monitoring for chronic disease
patients [22]. Furthermore, future applications of artificial
intelligence have the potential to expand on the current capacity
of these systems to provide personalized and relevant services
to individuals [23], better supporting users with their
health-related tasks, and decreasing the burden of patient work.

A common issue in context-aware systems research is the
challenge of evaluating their real-world implementation [4,18].
Implementation fidelity is “the degree to which programs are
implemented as intended by the program developers’ [24]. It
isknown that implementation settings play acrucial rolein the
effectiveness of interventions, an issue that is at the core of
implementation science’s effortsto model theimpact of context
on outcomes [25]. To alow for implementation fidelity and
replicability, studies of context-aware systems should describe
the setting explicitly as well as provide sufficient details about
the intervention and any potential adaptations for it to fit a
different setting [26,27].

Conclusions

The use of context-aware systems to support patient work isan
emerging area of research. RCTs are needed to evaluate the
effectiveness of context-aware systems in improving patient
work, self-management practices, and health outcomes in
chronic disease patients. Future studies should consistently
report the intervention and the settingsin which theintervention
is being implemented.
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Abstract

Background: Individualswith psychosis are heavy consumers of social media. It is unknown to what degree measures of social
functioning include measures of online social activity.

Objective: To examine theinclusion of social media activity in measures of social functioning in psychosis and ultrahigh risk
(UHR) for psychosis.

Methods: Two independent authors conducted a search using the following electronic databases: Epistemonikos, Cochrane
Database of Systematic Reviews, Database of Abstracts of Reviews of Effects, MEDLINE, Embase, and PsycINFO. Theincluded
articles were required to meet all of the following criteria: (1) an empirical study published in the English language in a
peer-reviewed journal; (2) the study included a measure of objective or subjective offline (ie, non-Web-mediated contact) and/or
online socia functioning (ie, Web-mediated contact); (3) the social functioning measure had to be used in samples meeting criteria
(ie, Diagnostic and Statistical Manual of Mental Disorders or International Classification of Diseases) for a psychotic disorder
or UHR for psychosis; and (4) the study was published between January 2004 and February 2019. Facebook was launched asthe
first large-scale social media platform in 2004 and, therefore, it is highly improbable that studies conducted prior to 2004 would
have included measures of social media activity.

Results: The electronic search resulted in 11,844 distinct articles. Full-text evaluation was conducted on 719 articles, of which
597 articles met inclusion criteria. A total of 58 social functioning measures were identified. With some exceptions, reports on
reliability and validity were scarce, and only one measure integrated social media social activity.

Conclusions: The ecological validity of social functioning measures is challenged by the lack of assessment of social media

activity, asit failsto reflect an important aspect of the current social reality of personswith psychosis. Measures should be revised
to include social media activity and thus avoid the clinical consequences of inadequate assessment of social functioning.
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Introduction

Social functioning impairment isacore dimension of psychotic
disorders [1]. Thus, measures of social functioning are crucial
for clinical assessment, prognosis, and outcome. Research
indicates high engagement with social media platforms and
associated social interaction in subjectswith psychosisand those
at ultrahigh risk (UHR) for psychosis states, including friendship
formation and overcoming barriers associated with having severe
psychiatric symptoms [2-5]. Social media activity should
therefore be included as part of social functioning measures.

In an Australian national survey, more than one-third of adults
with psychosis rated social functioning issues as their greatest
challenge for the future [6]. Long-term deficits in social
functioning have been linked to negative symptoms, such as
social withdrawal, apathy, and avolition [7,8], as well as
impaired social cognitive capacities, including capacity for
mentalization and theory of mind [5,9]. Similar findings have
been found for UHR populations; when compared to healthy
controls, they show both higher levels of baseline social decline
and lower levels of quality of life [10-14]. Conversely, good
socia functioning has been identified as a robust predictor of
recovery [15-18].

Empirical research on social functioning largely originatesfrom
standardized questionnaires based on two dimensions[19]. The
objective dimension encompasses the ability to meet social
roles, such as employability and being a spouse, a family
member, or afriend, combined with socioeconomic measures,
such as finances and housing [20]. These measures are easily
quantifiable and can thus be replicated [20]. The subjective
dimension comprises self-reported measures of social rolesand
measures of satisfaction with family life, recreational activities,
and life as a whole [20]. Ratings on both objective and
subjective measures are found to correlate with prognosis, course
development, and outcome [21].

Since the advent of Facebook in 2004, social media is
exponentially more often involved in establishing and
maintaining social networks [22-24]. Glabally, there are
approximately 2.6 billion registered social media profiles and
the number is expected to grow by an additional 400 million
over the next three years [25]. In 2015, in the United States,
more than 75% of people used social media compared to 7% a
decade ago, and 92% of adolescents went online daily [26].
Nonetheless, the conceptualization of social media participation
asadimension of social functioning isunderdevel oped. At face
value, when compared with offline contact, social media
platforms represent radically evolving platform structures and
a more asynchronistic kind of communication. These are
technology-mediated tools that enable individuals to share,

http://www.jmir.org/2019/6/€13957/

exchange, and create ideas, images, and information through
online communities and networks [27-29].

Despite having fewer or less-frequent social contacts outside
social media, individuals with psychosis or those at UHR for
psychosisare heavy consumersof social mediawhen compared
to peers of the same age [30-34]. The Internet has become an
influential source of mental health information for people with
psychosis[28] and, thus, social media and digital devices have
been utilized to support menta health care [32-35] and
destigmatization campaigns [36]. Particularly for the youngest
age group with psychosisand those at UHR for psychosis, there
has already been social media-based interventions developed
that are targeted on psychological, functional, and socia
recovery [37,38].

Science and technol ogy studiesaim at offering acomprehensive
understanding of the interaction between science, technol ogy,
and society [39]. According to this framework, technologies
may fundamentally alter societal dynamics, influencing
communication. Moreover, post-norma science (PNS) is a
perspective emphasizing the value of direct stakeholder
involvement in practices where facts are uncertain and stakes
are high [40], asthey arguably are in psychosis. If measures of
social functioning in psychosis do not embody the fundamental
changes caused by technological innovations and do not consult
target groups directly, they run the risk of low ecological
validity.

The main objective of this study was to examine whether
measures of social functioning in psychosis and UHR for
psychosis include the assessment of social behavior on social
media. It also compared the validity and reliability of reported
measures of social functioning.

Methods

This review followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
[41] to ensure comprehensive and transparent reporting of
methods and results. The protocol was registered at the
International Prospective Register of Systematic Reviews
(PROSPERO) in March 2017 (registration number:
CRD42017058514).

Search Strategy

Two independent authors (JB and WTVH) conducted a search
using the following electronic databases. Epistemonikos,
Cochrane Database of Systematic Reviews, Database of
Abstracts of Reviews of Effects (DARE), MEDLINE, Embase,
and PsycINFO. The search terms used were as follows:
(“psychosis’ or “psychoses’ or “psychotic*” or “schizo*”) AND
(“socia*” or “psychosocial*” or “communit*” or “peer*” or

JMed Internet Res 2019 | vol. 21 | iss. 6 |€13957 | p.16
(page number not for citation purposes)


http://dx.doi.org/10.2196/13957
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

“famil*” or “friend*”). Specific search terms were added to

capture social mediaactivity (eg, the Medical Subject Headings

[MeSH] term “social media’; see Multimedia Appendix 1 for

model search). The search queries were reviewed by an

information scientist and were limited to title, abstract,
keywords, and subject headings. In addition, amanual literature
search was performed using reference lists of reviews and
meta-analyses. In cases of doubt, the full-text paper was read

to determine eigibility. Papers published between January 2004

and February 2019 wereincluded. Thelast search was conducted

on February 15, 2019.

Eligibility Criteria

Theincluded articleswere required to meet all of thefollowing

criteria:

1. Empirical study published in the English language in a
peer-reviewed journal.

2. The study included a measure of objective or subjective
offline (ie, non-Web-mediated contact) and/or online social
functioning (ie, Web-mediated contact).

3. The socia functioning measure had to be used in samples
meeting criteria (ie, Diagnostic and Statistical Manual of
Mental Disorders[DSM] or International Classification of
Diseases [ICD]) for a psychotic disorder or UHR for
psychosis.

4. The study was published between January 2004 and
February 2019. Facebook was launched as the first
large-scale socia mediaplatform in 2004 and, therefore, it
is highly improbable that studies conducted prior to 2004
would have included measures of social media activity.

Exclusion Criteria

Articles were excluded if the only functioning assessed by the
measure was one of the following:

1. Premorbid functioning measures.

2. Glabal functioning measure.

3. Performance-based skills assessment.

4. Studies exclusively dealing with socia relationships,
including socia functioning, between study participants
and professionals.

Data Collection

All potential studies were exported into a reference citation
manager, EndNote (Clarivate Analytics), before removing

http://www.jmir.org/2019/6/€13957/
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duplicates. Two independent reviewers (JB and WTVH)
separately performed the screening of titles and abstracts,
full-text analysis, and sel ection of social functioning measures.
Disagreementswere resolved through discussion until consensus
was reached. A third reviewer (SP) was available to resolve
disagreements. Finally, the list of included and excluded
measures was sent to an independent auditor (HJS) for critical
evaluation. The kappa coefficient was used to assess the level
of agreement of the two independent reviewersfor the selection
of included and excluded measures.

Analytic Methods and Data Extraction Procedure

A narrative descriptive synthesiswas performed for theincluded
articles. The data extraction procedure was performed in two
steps. First, subjective and objective measures of social
functioning across different social domains (ie, work,
community functioning, socioeconomic status, etc) for both
offline and online engagements were identified. Second, the
content, quality, and psychometric properties, with a particular
focus on whether measures assessed social mediaactivitiesand
interactions, were examined and assessed, including validity
and reliability statistics of the measures. Since the selection of
screened and included articles was extensive, validation
literature was sourced directly from the reviewed articles. In
addition, a manual search was performed for each individual
measure to identify further validation literature.

Results

Search Results

The electronic search returned 12,437 articles. After duplicates
were removed, there were 11,844 articles, of which 671 were
reviews or meta-anayses. 178 articles from the Cochrane
Database of Systematic Reviews and 493 from Epistemonikos.
A hand search of reference lists of reviews and meta-analyses
returned afurther 82 articles. Full-text eval uation was conducted
for 719 articles, of which 597 met the inclusion criteria and
were included for the final synthesis. From the 597 articles, 58
measures were identified: 41 (71%) social functioning and 17
(29%) quality-of-life measures that included assessment of
social functioning. Interrater reliability (ie, agreement between
independent reviewers) for inclusion of measures was high
(k=.83). Details of the search results are summarized in Figure
1
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Figure 1. Flow diagram of the reviewing process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

Records identified through
database searching
(n=12,437)

Additional records identified
through other sources
{n=82)

Identification

[

)

Screening

Eligibility

Included

Freqguently Used Social Functioning M easures

Details of the included 58 measures of social functioning are
summarized in Tables 1 and 2. The three most frequently used
measures were the Social Functioning Scale (78 references),
the Quality-of-Life Scale (67 references), and the World Health
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Global functioning (n=7)
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Performance based (n=3)
Diverse: parent report, not
English, somatic illness,
unpublished, etc (n=17)

Organization Quality of Life Brief Version (WHOQOL -BREF)

(57 references). Several measures (eg, the Social Adjustment
Scalell and the Global Functioning-Social Scale) had been used
to address social functioning in UHR populations. Although
developed for young people, none of these measures were
exclusively used in UHR populations.
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Table 1. Included social functioning measures (N=41).

Bjornestad et al

Measure Author, year, ~ Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations?

Assessment of Com-  Forsyth et a, Observer-rated Psychosis Good internal and  Good interrater  No

munication and Inter- 1999, 1 20 items, 4-point Likert response and general  construct validity  reliability [43,44]

action Skills format psychiatry — [43,44]

Threedomains: physicality, informa- Good discriminant
tion exchange, and relations validity [43,44]
Gathersdataon skill asit isexhibit-

ed during performancein an occupa

tional form and/or within a social

group context

Behavior and Symp-  Eisenetd, Self-report Psychosis,  Questionableinter- Good interrater  No

tom Identification 1999, 1 32 items, 4-point Likert response inpatients nal and construct  reliability [45]

Scale format andoutpa-  validity; poor for

tient hosis [45

Five domains: relationship (self and ents Pye O?S [_ ]
others), daily living and role perfor- Good discriminant
mance, depression and anxiety, im- validity; unaccept-
pulsive and addictive behavior, and able for psychosis
psychosis [49]

Good sensitivity to

change [45]

Client's Assessment  Wallace et d, Self-report and informant-report Psychosis Questionablecon-  Good test-retest  No

of Strengths, Interests 2001, 2 102 items, 5-point Likert response and general  current validity reliability

and Goals format psychialry  Good discriminant  Questionablein-

Six domains: current social and in- validity [46] terrater reliability
dependent living skills, medication Good interna
complianceand side effects, quality consistency [46]
of life, quality of treatment, symp-
toms, and performance of unaccept-
able community behaviors
Community Adjust-  Stein & Test, Observer-rated semistructured inter-  Psychosis No dataavailable  Excellentinter-  No
ment Form 1980, 7 view rater reliability
140 items, 10-item scale [47]
17 domains (eg, living situation,
work and social functioning, family
involvement, and medication use)
Alsoincludesan observer-rated, 10-
item scale of prosocial behaviors

Disability Assessment WHOE, 2010, Observer-rated Genera psy- Moderate concur-  Good internal No

Schedule—II 31 12, 36, or 97 items; scoring based chiatry rent validity [48]  consistency [48]

on all availableinformation (eg, pa Excellent test-
tient’s written records or data from retest reliability
informants) [48]

Six domains. understanding and
communicating, getting around,
self-care, getting along with others,
household and work activities, and
participation in society

Several versions: DASY, DASHI1-
sv& SDSS, and WHO-DAS?
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®

First Episode Socia  Lecomteeta,  Self-report Psychosis Good convergent  Good sensitivity  Yes

Functioning Scale 2014,5 34 items, 4-point Likert response vaidity [42] to change [42]

format Good discriminant
Eight domains: independent living validity [42]

skills, interacting with peoplein

different contexts, social activities,

intimacy, friendships, family rela-

tions, work, and school

Perceived ability and actual behav-

ior rated for each item

Functional Assess- Rosaet d, Self-report Bipolardisor- Good concurrent  Good test-retest  No

ment Short Test 2007, 1 24 items, 4-point Likert response der vaidity reliability [49]

format Questionabledis-  High interna
Six domains: autonomy, occupation- criminant validity  consistency [49]
al functioning, cognitive function- [49]

ing, financial issues, interpersonal

relationships, and leisure time

Functional Remission Llorcaet a, Observer-rated Schizophre-  Good concurrent  Good internal No

of General 2009, 5 19 items, 5-point Likert response nia vaidity [50] consistency [50]

Schizophrenia format

Six domains: daily life, activities,
relationships, quality of adaptation,
health, and treatment

Global Assessmentof DauschBM et Observer-rated Bipolardisor- Good concurrent  Good-to-highin-  No

Relational Function-  al, 1996, 1 20 domains of relationship function- der vaidity terrater reliability

ing ing, 100-point scale (81-100 indi- Good discriminant  [51]

cates satisfying functioning) vaidity [51] Good interna
consistency [51]
Globa Function- Cornblatt B et Observer-rated Psychosis Good congtruct va-  Good interrater  No
ing—Social a,2007,22(5  ggyen probe questions, 10-point lidity [52] reliability [52]
UH Rh) Likert response format
Assesses|evelsof social contact and
friendships outside of the family
Groningen Social Diss  Wiersma, 1988, Observer-rated semistructuredinter- General psy- Poor-to-excellent  Good interrater  No
ability Schedule 8 view chiatry sensitivity to reliability
5-point Likert response format change [53] Questionable
Eight domains; self-care, relation- Good discriminant  test-retest reliabil-
ship with the family, relationship validity [54] ity [53]
with a partner, friendship, parental
role, citizenship, leisure activities,
and work and occupation
Hedlth of the Nation Winget al, Observer-rated General psy- Good concurrent  Poor-to-good in-  No
Outcome Scale 1998, 8 12 items, 4-point Likert response  chiatry validity [55] terrater reliability
format Good discriminant  [59]
Aggression, self-harm, drug and - vaidity [55] Poor-to-accept-
cohol use, cognitive problems, abletest-retest re-
physical illness and disability, hallu- liability [S5]

cinations and delusions, depression,
other symptoms, social relation-
ships, activitiesof daily living, resi-
dentia environment, and day-time
activity
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®

Index of Socia Com- McConkey R& Observer-rated General psy- Nodataavailable Good interrater  No

petence Walsh J, 1982, 15 items of ability chiatry reliability [56]

1
Six domains. community skills, self-
care skills, communication skills,
time, money, and additional handi-
caps

Inventory of Interper- Horowitzeta, Self-report Community: No dataavailable Acceptable-to- No

sona Problems 1988, 1 32 items, 4-point Likert response nonclinical good test-retest

format reliability [57]
Nine domains: domineering or con- Good internal
trolling, vindictive or self-centered, consistency [57]
sociable, intimate, submissive, re-
sponsible, nonassertive, self-sacrific-
ing, and intrusive
Interview Schedule Henderson Set  Observer-rated Genera pop- Good facevalidity Acceptabletest- No
for Social Interaction al, 1980, 2 53items, individual summary scores ulation [58] retest reliability
for each domain (58]
Four domains: availability of close Acceptableinter-
relationships, adequacy of above, nal consistency
availability of friendships, and ade- (58]
quacy of above
Life Skills Profile Parker et al, Observer-rated Psychosis, Questionablecon-  Good interrater  No
1991, 14 39 items, 4-point Likert response  INPaients  struct validity [S9]  reliability [S9]
format tqndtoutpar Good test-retest
ents o

Five domains: ability for seif-care, reliability [59]

turbulent behavior (reverse scored),

sociability, communication, and re-

sponsibility
Multnomah Communi- Barker et al, Observer-rated General psy- Nodataavailable Good interrater  No
ty Ability Scale 1994, 12 17 items, 5-point Likert response chiatry, reliability [60]

format Shrct’”'c pa Good test-retest

Four domains: assessment of inter- > reliability [60]

ferencewith functioning, adjustment

to living, social competence, and

behavioral problems
Personal and Social Morosini et al, Observer-rated Psychosis Good construct va-  Good interrater  No
Performance 2000, 55 Single-item, 100-point response lidity [61] reliability [61]

format (score determined by domain Excellent test-

score range) retest reliability

Four domains (6-point response (61]

format per domain): socialy useful

activities, personal and social rela-

tionships, self-care, disturbing and

aggressive behaviors
Provision of Social Turner et a, Self-report Schizophre- No dataavailable  Good test-retest  No
Relations Scale 1983, 2 15itemsthat messure socia rlation-  Nid bipolar reliability [62]

ships with family and friends, 5~ disorder, and

point Likert response format healthy con-

trols

Psychosocia Function- Valenciaeta,  Self-report General psy- Good construct va- - Good internal No
ing Scale 1989, 1 35 items, 5-point Likert response  chiatry lidity consistency [63]

format

Five domains: occupational, social,
money management, marital, and
familial
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®
Recovery Assessment  Corriganeta, — Self-report General psy- Good concurrent  Good test-retest  No
Scale 1999, 2 41 items, 5-point agreement scale chiatr_y, vaidity [64] reliability [64]
: . . chronic pa-

Four domains: doing things| value, tients

looking forward, mastering my ill-

ness, and connecting and belonging
Rehabilitation Evdua Baker R & Hall Observer-rated General psy- Good criterionva-  Good interrater ~ No
tionHall and Baker ~ JN, 1988, 1 22 items, 9-point Likert response chiatry lidity [65] reliability [65]

format Good discriminant

Two domains: deviant behavior and validity [65]

general behavior

General Behavior subscale (only

subscale relevant for the cited

study):

15 items

Five domains: socia activity, speech

disturbance, speech skills, self-care

skills, and community skills
Role Functioning Goodman et al, Observer-rated Psychosis Good discriminant  Poor-to-good in-  No
Scale 1993, 7 Four items, 7-point Likert response and depres-  validity [66] terrater reliability

format sion [66]

Four domains: work, independent Good test-retest

living and self-care, immediate so- reliability [66]

cia network relationships, and ex- Good interna

tended social network relationships consistency [66]
SchizophreniaSocial  Padmavathi R,  Observer-rated Schizophre-  Good concurrent  Good interrater ~ No
Functioning Index 1995, 2 17 items, 5-point Likert response niaandrela-  validity [67] reliability [67]

format tives Good test-retest

Four domains: self-concern, occupa- reliability [67]

tional role, rolein family, and other Acceptableinter-

social roles nal consistency

Each section has several subsections [67]

covering different areas of social

functioning
Self Evaluationand  Humphreyset  Observer-rated Psychosis No dataavailable  Acceptable-to- No
Social Sup- - a,200L,1 Five domains: social and recreation- good interrater
port_—Schlzophrenla al, occupational, relationships, par- reliability [68]
version enting, and homemaking Poor test-retest

Questions in these sections involve reliability [68]

both perceived competence and

commitment in each possible role,

and responses are used in an overall

rating; also, sections covering self-

evaluation of personal attributesand

self-acceptance
Short Form Health Ware & Don- Observer-rated or self-report Psychosis Moderatediscrimi- Good test-retest  No
Survey—36 ad, 1992, 12 36items, 100-point response format nant validity [69]  reliability [69]

Eight domains: physical function-
ing, role limitations due to physical
health problems, bodily pain, gener-
al health perceptions, vitality, social
functioning, role limitation dueto
emotional problems, and general
mental health
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®

Socia Adaptation Bosc M et d, Self-report Mgordepress  Acceptablesengtiv-  Poor test-retest No

Self-Evaluation Scale 1997, 4 21 items, 4-point Likert response sion ity to change [70]  reliability [70]

format Good internal
Four domains; social, familial, occu- consistency
pational, and environmental func- [70,71]
tioning
Social Adaptive Func- Harvey et d, Observer-rated Schizophre-  Good convergent  Good interrater  No
tioning Evaluation 1997, 1 17 items, 5-point Likert response nia vaidity [72] reliability [72]
format Good discriminant  Good test-retest
Three domains: impulse control, in- validity [72] reliability [72]
strumental and self-care, and social
functions

Socid Adjustment In-  Gammon et a, Observer-rated interview Childrenand Questionable-to- Poor interraterre- No

ventory for Children 1987, 1 (UHR)  nuiti ple domains: functioning in adolescents  poor convergent liability [71,73]

and Adolescents school, spare time activities, and ~ Of parents  validity [73] Good-to-poor in-

interactions with peersand family ~ Withand ternal consistency
without ma- (73]
jor depres-
sion

Socia Adjustment Paykel et al, Observer-rated semistructured inter- Depression  Poor-to-acceptable Nodataavailable No

Scaell 1971, 27 (1 view convergent vaidity
UHR) 52 items, 5-point Likert response [74]

format

Eight domains: work, domestic rela

tionship, parental role, relationship

with external family, social and

leisure activities, sexual activity,

romantic involvement, and personal

well-being

Self-report version [74]
Social Behaviour Wykes & Sturt, Observer-rated General psy- Good discriminant  Good interrater ~ No
Scae 1986, 16 21 items, 5-point Likert response chiatry validity [75] reliability [76]

format Good concurrent  Good interinfor-

Six domains: occupation, behavioral validity [79] mant reliability

problems, personal self-care, leisure [76]

activities, performance and expecta- Good test-retest

tions, and communication skills reliability [76]
Socia Functioning Tyreretd, Self-report Psychiatric  No dataavailable  Good interrater  No
Questionnaire 2004, 1 Eight-item assessment of perceived outpatient reliability [77]

social functioning, score 0-24 (nonpsychot- Good test-retest

Developed from the Social Function- 19 reliability [77]

ing Scale Good interna

consistency [77]

Socia Functioning Birchwood et Self-report or observer-report Psychosis Good construct va=  Good interrater  No
Scale a, 1990, 78 79 items, 4-point Likert response lidity [78] reliability [78]

format Good discriminant

Seven domains: social engagement, validity [78]

interpersonal behavior, prosocial Good convergent

activities, recreation, independence- vaidity [78]

competence, independence-perfor-
mance, and employment and occu-
pation
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®
Social Integration KawataAK &  Self-report or informant-report Schizophre-  Good discriminant  Good internal No
Survey Revicki DA, 62 items, 4-6-point Likert response nia vaidity [79] consistency [79]
2008, 1 format Poor interrater re-
Five domains: social perception, liability [79]
work interactions, social skills, so-
cia cognition, and daily living skills
or self-care
Socia and Occupation-  American Psy-  Observer- or self-report General psy- Acceptablesensitiv-  No dataavailable No
a Functioning Assess-  chiatricAssociar g ngle-item, 100-point response chiatry ity to change [80]
ment Scale tion, 1994, 35 form
Social Occupational ~ Saraswat N, Observer-rated Schizophre-  Acceptableconcur-  High internal No
Functioning Scale 2006, 2 15 items, 5-point Likert response M@ rent vaidity [81]  consistency [81]
format Acceptable criteri-  Good test-retest
Three domains; adaptive living onvalidity (posi-  [81]
skills, social appropriateness, and tive and negative
interpersonal skills symptom total
score) [81]
Acceptablediscrim-
inant validity [81]
Socia Role Function- McPheetersH,  Observer-rated General psy- Nodataavailable  Good internal No
ing Test 1984, 1 28 items, 7-point Likert response chiatry consistency [82]
format
Three domains: work productivity,
independent living, and socia net-
work relationships (immediate and
extended)
Specific Levels of Schneider & Observer-rated Psychosis Nodataavailable Excellentinterna No
Functioning Struening, 43 items, 5-point Likert response ~ nd general consistency [83]
1983, 19 format psychiatry Excellent inter-
Six dimensions: physical function- rater reliability
ing, personal care skills, interperson- (&3]
al relationships, socia acceptability,
activities, and work skills
Strauss Carpenter Strauss & Car-  Observer-rated Not stated Nodataavailable Nodataavailable No
Level of Functioning penter, 1977, 10 Four items, 5-point Likert response
format
Four domains: symptomatol ogy,
work, social contacts, and function
Strauss Carpenter Strauss & Car-  Observer-rated Schizophre- Nodataavailable Nodataavailable No
Outcome Scale penter, 1972, 7 Eour jtems, 49-point Likert response Nia

format

Four domains: socid activities,
work, independent living, and hospi-
talization
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®

TimeBudget Measure  Jolley et d, Observer-rated Psychosis Acceptableconver- Good interrater  No
2006, 1 Diary-based measure (28 time gent validity [84]  reliability [85]

blocksfor the week), score range O- Good test-retest
112 reliability [85]

3Number of citations the scale has gotten throughout the years, which indicates the scale popularity and impact.

bReliability: 1 (perfect reliability), 2.9 (excellent reliability), 2.8<.9 (good reliability), 2.7<.8 (acceptable reliability), =.6<.7 (questionable reliability),
>.5<.6 (poor reliability), <.5 (unacceptable reliability), O (no reliability).

“WHO: World Health Organization.

9DAS: Disability Assessment Schedule.

®DASI1-sv: Disability Assessment Schedule—I1: Schizophrenia Version
fSDSS: Social Disability Screening Schedule.

9WHO-DAS: World Health Organization Disability Assessment Schedule
PUHR: ultrahigh risk.
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Table 2. Included quality-of-life measures (N=17).

Measure Author, year, ~ Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations?

Assessment of Quality Hawthorneet  Self-report Clinical and  Good discriminant Good internal No

of Life a, 1999, 2 47 items, 4-point Likert response community  validity [86] consistency [86]

format sample
Five domains: illness, independent
living, social relationships, physical
senses, and psychological well-be-
ing
Health Related Quali- Nelson et al, Self-report Mainly Good facevalidity Good test-retest  No
ty of Life 1987, 3 5-point Likert response format chronicill-  [87] reliability [88]
Nineglobal questions, eachillustrat- : Good interrater
ed with drawings to measure the reliability 8]
following domains: physical fitness,
pain, feelings and emotions, daily
activities, social activities, change
in health, overall health, socia sup-
port, and overall quality of life.
Lancashire Quality of Oliver,1991,3 Observer-rated General psy- Moderate-to-good Moderate-to- No
Life Profile 100 itemns, 7-point Likert response chiatry concurrent validity good interna
format [89] consistency [89]
10 domains: living situation, leisure Good test-retest
and social participation, health, fi- reliability [89]
nances, family relations, safety,
positive esteem, negative esteem,
framework, and fulfilment
Manchester Short As- Priebeet al, Observer-rated clinical interview Psychosis Good concurrent  Good internal No

and students  validity [90] consistency [91]

sessment of Quality of 1989, 23 25 items, 7-point Likert response
Life format

12 domains with three subscales:
theseinclude stable persona patient
details, personal details that may
change over time (eg, education),
and questions that must be asked at
each assessment, including both
objective and subjective items con-
cerning quality of lifeand socid life

Modular Systemfor  PukropReta, Self-report Schizophre-  Poor discriminant  Good internal No
Quiality of Life 2000, 3 47 items, 7-point Likert response niaand gen- validity [92] consistency [92]
format ff al popula- Good test-retest
Seven domains: physical health; vi- reliability [92]
tality; and psychosocial, affective,
material, sparetime, and genera
quality of life
Sickness Impact Pro-  Pollard et al, Self-report Psychiatric  Highinternal con- Hightest-retest  No
file 1976, 1 48 items (short version), individual samples and sistency [93] reliability [93]
category scores SOMAICSAT-  Good concurrent  High interrater
Four domains: sleep and rest, home ples validity [94] reliability [93]
management, contact with family
and friends, and leisure activities
Quality of LifeEnjoy- Endicott et al,  Observer-rated Psychosis Poor-to-moderate  Good interna No
ment and Satisfaction 1993, 8 59 items, 5-point Likert response and depres-  discriminantvalidi-  consistency [96]
Questionnaire—Short format sion ty [95] Moderate test-

m Five domains; general activities, retest reliability
[96,97]

physical activities, emotional func-
tioning, recreationa activities, and
social relationships
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®

Quality of Lifelndex FerransCE&  Self-report Schizophre-  Good convergent  Excellentinternad  No
Powers MJ, 32 items, 6-point Likert response niaand validity [98] consistency [98]

1985, 1 format healthy con-
trol
Four domains: health and function- rois
ing, socia and economic, psycholog-
ical and spiritual, and family
Quiality of Lifelnter- Lehman, 1983, Observer-rated semistructuredinter- Psychosis Good construct va-  Good-to-accept-  No
view 29 view and general  lidity [99] ableinternal con-
143 items (brief versions: 33 or 78 PSychiatry sistency [99]
items) Poor-to-good
Eight domains; accommodation, test-retest reliabil-
family, social relations, leisure, ity [99]
safety, finances, physical health, and
mental health
Quiality of Lifelnven- Frisch MB, Self-report General psy- Good convergent  Good test-retest  No
tory—74 1992, 2 17 items, 4-point Likert response chiatry, un-  vaidity [100] reliability [100]
format dergradu- Good construct va-  Good internal
aes, and igity [100] consistency [100]
forensic

Quality of Life Scale Heinrichseta, Observer-rated semistructuredinter- Psychosis Poor-to-good con-  Excellentinter-  No
1984, 67 view and general  vergent validity rater reliability

21 items, 7-point Likert response  PSychiatry  [101] (101]
format

Four domains: intrapsychic founda-

tions, interpersonal relations, instru-

mental role, and common objects

and activities

Qudlity of Well-Being Kaplan et al, Observer-rated Chronicso- Good discriminant No dataavailable No

1978, 2 Preference weight for each domain maticillness validity [102,103]
Three domains: mobility, physical Good convergent
activity, and social activity validity [102,103]
Satisfaction With Life Test et al, 2005, Self-report Schizophre-  Good construct va-  Good internal No
Scale 6 18 items, 5-point Likert response ~ Maand gen- - lidity [104] consistency [104]
format ;aral psychia-  Good concurrent
r o
Four domains: living situation, y validity [104]
work, social relationships, and self
and present life
SchizophreniaQuality Boyer et al, Self-report Schizophre-  Good-to-unaccept- Good-to-accept- No
of Life—18 2010, 1 41 items, index scoresfrom0to 100 Nid ableconcurrentva-  ableinternal con-
. : ) lidity; great scale  sistency [105]
Eight domains: psychological well- variability [105]
being, self-esteem, family relation- Good-to-accept-
ships, relationshipswith friends, re- abletest-retest re-
silience, physical well-being, auton- liability [105]
omy, and sentimental life
SchizophreniaQuality Wilkinsonetal, Self-report Schizophre-  Good construct va-  Good internal No
of Life Scale 2000, 10 30 items, 5-point Likert response nia lidity [106] consistency [106]
format Good test-retest
Three domains: psychosocial, moti- [106]

vation and energy, and symptoms
and side effects
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Measure Aduthor, year, Description Validation  Validity Reliability® Social media
number of scale samples (Yesor No)
citations®
Wisconsin Quality of Becker, 1993,4 Self-report Schizophre-  Good convergent  Good-to-accept- No
Life Index 113 items, 5-point Likert response niaand gen- vaidity [107] a_ble internal con-
format eral psychia- sistency [107]
t
Nine domains; general life satisfac- v Good test-retest
tion, activities and occupations, reliability [107]
psychological well-being, physical
health, socia relations and support,
economics, activitiesof daily living,
symptoms, and goal attainment
WHOQOL-BREF® WHO Quality  Self-report Psychosis Poor-to-moderate  Good internal No
of LifeGroup,  26gjtems, 5-point Likert response  @d general  construct validity  consistency [108]
1998, 57 format psychiatry [108]

Four domains: physical, psycholog-

ical, social, and environmental

3N umber of citations the scale has gotten throughout the years, which indicates the scale popularity and impact.
bReliability: 1 (perfect reliability), 2.9 (excellent reliability), 2.8<.9 (good reliability), 2.7<.8 (acceptable reliability), =.6<.7 (questionable reliability),

>.5<.6 (poor reliability), <.5 (unacceptable reliability), O (no reliability).

“WHOQOL-BREF: World Health Organization Quality of Life Brief Version.

Structure and Administration of M easures

A total of 35 out of 58 measures (60%) were primarily
observer-rated, while 23 (40%) were primarily self-reported.
The completion time ranged from 10 minutes (ie, Socia
Functioning Questionnaire) to 60 minutes (ie, Social Adjustment
Scale). Most of the social functioning and quality-of-life
measures used a Likert response format (40/58, 69%). Most
measures assessed behaviors, not perceived ability, related to
physical forms of social functioning, such as face-to-face or
telephone contact with friends and family. There was great
variability in how comprehensive measures reported on social
functioning characteritics, ranging from the First Episode Social
Functioning Scale (FESFS) with nine subscales to those who
reported a few items (eg, part of a single subscale) of social
functioning. Also, quality-of-life measures typicaly
concentrated more on subjective evaluations of genera life
domains and were thus less focused on social functioning. The
FESFSwasthe only measureto include an assessment of social
activity on social medial; thisis evaluated in a separate section
below.

Psychometric Properties of the Measures

Out of al 58 included measures; 32 (55%) had previously been
validated in patients with psychosis, 16 (28%) in a genera
psychiatric or clinical and community sample, 2 (3%) in a
sample of patients with bipolar disorder, 2 (3%) in asample of
patients with depression, 2 (3%) in a sample of patients with
somatic illness, 2 (3%) in a nonclinical sample, 1 (2%) in a
sample of adolescents of parents with and without major
depression, and 1 (2%) did not record any sample information.
More data were available for reliability (53/58, 91%) than for
validity (47/58, 81%). In generd, lack of information prevented
a comprehensive evaluation of the psychometric properties of
most measureinstruments. Theoretical foundation and construct
validity was particularly poorly reported. When psychometric
propertieswere reported, measures showed overall good vaidity

http://www.jmir.org/2019/6/€13957/

and reliability regarding offline socia functioning. The Social
Functioning Scale, the Groningen Social Disability Schedule,
and the Health of the Nation Outcomes Scale are examples of
measure i nstruments with comprehensive reporting of thistype
of social functioning.

M easure Assessing Social Activity on Social Media

The FESFS was developed in 2014 [42] by the authors listing
activities based on their experience with people with early
psychosis and on reviews of existing measures of social
functioning [40]. The FESFS is designed to measure social
functioning in young people in the early stages of psychosis
and was the only measure instrument identified in this review
as addressing social activity on social media. The scale can be
administered as observer-rated or self-report, with each item
rating behavior—focus on frequency—and perceived individual
ability. The FESFS comprises 34 items distributed on nine
subscal es assessing various domains of social functioning. The
item language was intentionally constructed to fit the target
group (eg, “hanging out with buddies’ and “chatting on the
net”). Two items, respectively from the items Friends and
activities and Living skills, address social media activity
explicitly: “I am really good in solo activities such as going to
the gym, going to the movies, chatting on the net, taking lessons
(music, painting, etc)” and “I am comfortable using the phone,
Internet, or email to communicate” The scaleiscited fivetimes,
of which three of the cited articles include the measure
developers as authors.

Scale validation was based on the self-report version. The
validation sample included 203 people, with an average age of
24.5 years, diagnosed with a schizophrenia spectrum psychotic
disorder, and with an average of 12.7 years of education. The
nine factors showed good internal consistency, ranging from
.63 t0 .80. Good convergent and discriminant validity, as well
as good sensitivity to change, were also demonstrated. Three
subscales had an inverse correlation with negative symptoms.
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Discussion

M easures Should I nclude Contemporary Social Reality

Due to technological innovation and rapid aterations in the
norms of social media usage, any instrument designed to
measure social functioning, including social media activity,
should encapsulate contemporary trends. The main finding of
this review was that current measures of social functioning
amost exclusively comprise offline social activity, with the
sole exception of the FESFS, as discussed in a separate section
below. Thislimitation islikely to reflect the time of development
of currently used measures, as most were developed before the
launch of the Internet in 1992, and only eight measures were
developed or revised after the advent of Facebook in 2006.
Many of these scal es have good psychometric properties, which
may be a good starting point if they were revised to include
measures of socia media activity. It is notable that the first
measures developed were based on chronic inpatients (eg, the
Interview Schedule for Socia Interaction). However, there is
now an emphasis on early intervention to target quality of life
and younger early-stage patients, as opposed to chronic
inpatients [109], and current measures fail to capture an
important aspect of the current social context.

It is worth discussing whether the two most widely used
categories of measures—socia functioning and quality of
life—are expedient. For instance, a number of the measures
within these categories address social participation, while others
address the more narrowly defined concept of socia skills. In
practice, then, choosing a measure from either category for
evaluative purposes could potentially influence interpretations
of findings.

Further, regarding validity, while the original psychometric
assessment of some measures show good reliability and validity,
they may lack ecological vaidity. For example, leaving out
assessment of social media activity may lead to low scores on
social functioning among young people with psychosis and,
thus, increase the likelihood of false positives. Moreover, the
core negative symptom of social withdrawal [8] may manifest
differently in a social media context compared to an offline
context. Thereisalso arisk of social media addiction, negative
social comparison, cyberbullying, as well as it being used to
exclude red-life contacts [27,110], with potential negative
consequences on illness course, outcome, and quality of life.
Online social functioning measures should aim to be sensitive
to thesetypes of matters. Also, they should track symptom levels
[2], change in socia participation, and support that unfolds
online [3]. In this regard, a survey found that adults with
schizophreniawere aslikely as adults without mental illnessto
form social relationships online, despite having fewer offline
relationships, lower income, and less Internet access [4].
Compensating for symptoms that people with psychosis
themselves experience that interfere with sociaizing in
face-to-face encounters[111] may beafruitful remedy for some
of the obstacles associated with the enhanced levels of toxic
loneliness and stigma associated with psychosis populations
[5]. This type of information would aso be important for
treatment timing and tailoring.

http://www.jmir.org/2019/6/€13957/
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Social M edia Assessment

The FESFSrepresents an attempt to address contemporary forms
of social functioning, including online activity. Additionally,
the scal e assesses both behavior and ability, which makeamore
nuanced assessment possible. However, the scale has
fundamental limitations. The validation sample has an average
age of 24.5 years, whichisrelatively high when aiming at early
psychosisand UHR of psychosis. The subscalesrelated to work
and education are not satisfactorily validated, as only a small
part of the validation sample was working or studying.
Test-retest reliability for the scale has not been conducted and
neither factorial structure nor construct validity has been
confirmed. In addition, only the self-report version has been
validated. Furthermore, the scale has only been cross-validated
across context to a very limited extent [112]—as opposed to,
for example, the Persona and Social Performance or the
Psychosocial Functioning Scale—which implies uncertainty
regarding robustness and usability. Further, the authors do not
articulate atheoretical foundation for the scale, and scale content
is derived from the scale authors own listing of
experience-based domains of social functioning.

Science and technology studiesisahighly influentia theoretical
framework analyzing the entanglements of science, technology,
and society [39]. A basic premise in science and technology
studies is that technological innovation affects society and
human behavior in fundamental ways. Specific technologies,
such as social media, do not merely add to the possibilities of
communication, but changes the nature of communication
processes. Consequently, attempts to include
technology-mediated communication processes should start
from the premise that these probably do not reflect
nontechnological communication. Compared with face-to-face
contact, social media represents radically evolving platform
structures and a more asynchronistic form of communication.
However, it is unclear whether social media platforms require
extra socia flexibility or if they are adaptable to facilitate
communication for persons who may have limitations in
face-to-face social skills, such asthelimitationstypically found
for individualswith active psychosis. It has been suggested that
individuals with mental health problems may use social media
to seek support. When compared to face-to-face interaction,
social mediaallows moretimefor reflection before acting [113].

The FESFS “chatting on the net” item is defined as a solo
activity and yet this may not reflect the experience of social
mediaby individuals. Social mediaincludesvirtual communities
allowing users to create a public profile, interact with rea-life
and virtual friends, and make new acquaintances. Social media
engagements often seem to be a fundamental social activity
[114]. Also, the FESFS defines using the Internet or email
communication asaliving skill. However, it is difficult to equate
these technological skills as being representative of social
activity or functioning. While the FESFS has been the first
measure to attempt to capture social mediaactivity, the measure
requires significant further development for validity of
measurement of contemporary social media engagements.
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Future Research: Need for a Radical Change

The use of social mediaasadimension of socia functioningin
psychosisisacomplex issue and the knowledge baseislimited.
Itis possibleto explore socia mediabehavior based on the most
reliableand valid dimensions of currently available offline socia
functioning measures, such as the Social Functioning Scale.
This scale provided the most comprehensive reporting of
traditiona psychometric propertiesfor offline socia functioning,
including construct validity. With this scale, social skills or
socia behavior were registered as present or absent, thus
removing the need for an evaluative decision. This could be a
feasible starting point to track online social behavior. Some
degree of social skill transfer between online and offline
activities seems plausible. Additionally, it might be important
to understand the rel ati onship between moretraditional measures
of social skills and social media usage. In this regard, purely
scientist-driven approaches have clear limitations. For example,
the likely age gap between researchers and the target group of
early psychosis, particularly the UHR segment, risks a lack of
understanding of the social context. Therefore, a collaborative
approach with the target group as codevel opers of the measure
could remedy this shortcoming. The general omission of user
involvement, which is highly prioritized and valued in most
contemporary health care systems, is a magjor challenge to the
validity of these measures [115]. We therefore propose a
theoretical framework in which service users are involved, so
asto explore social mediaas part of social functioning of young
people with psychosis.

PNS was developed for interpreting and applying scientific
results at the science-policy interface. PNS was tailored for
situations where “facts [are] uncertain, values [are] in dispute,
stakes[are] high, and decisions[are] urgent” [40]. Theresearch
field of social functioning in psychosis includes multiple
theoretical perspectives, such as physiological, biological,
evolutionary, social, and cultural perspectives. The complex
nature of social functioning makes it difficult to indicate
causality [1]. There are conflicts of interest causing tension
between groups, such as the psychopharmaceutical industry,
governments, professional associations, and user organizations
[116-118]. The stakes are arguably high as social functioning
impairment is regarded as a core symptom of serious mental
illness, namely psychosis [119]. The PNS remedy is to
communicate uncertainty, assess quality, and justify practice
by including extended peer communities. In practical terms, the
PNS framework ensures the inclusion of social components
perceived asimportant by thetarget group. Thiswill presumably

Acknowledgments

Bjornestad et al

lead to inclusion of new facets of social functioning that have
been omitted by previous measures, and the risk of
implementing outdated or ecologically invalid models is
lowered.

Future reviews should take social media use or online activity
into consideration when also evaluating socia functioning
measures in general patient popul ations. When developing and
validating socia functioning measures, researcherstoday should
include social media activity: content, frequency, quality, and
effects, both positive and negative.

Strengthsand Limitations

The strengths of the study are evident in the study protocol
being publicly available (ie, PROSPERO) before conducting
the review, thus ensuring transparency, and the review was
conducted according to PRISMA guidelines [41]. In addition,
the inclusion of studies was determined by two independent
raters and showed high interrater reliability.

The main purpose of this review was to assess to what degree
social functioning measuresincluded assessments of any online
socia activity. Hence, we applied broad inclusion criteria to
avoid ignoring any potential measures. A side effect of this
strategy was the inclusion of some measures that were not
tailored to specifically target socia functioning in general or
psychosis specificaly.

The conclusionsdrawnin thisreview may have been influenced
by severa of the included studies not reporting relevant
psychometric properties. Although only one of the identified
instruments specifically assessed social mediaactivity, it cannot
be ruled out that respondents may answer generic questions
about social functioning with social media activity in mind.
Another limitation isthat each individual study was not assessed
for key sources of hiases (eg, sample characteristics). However,
in line with previous research [20], it seems warranted to
conclude that some studies were based on small samples and
that most instruments were constructed and tested within
Anglo-American cultures. Grey literature was not included.
Thiswill typically raisethe risk of reporting bias, implying that
the included studies represent selective research dissemination
[120]. However, it should be emphasized that the aim was to
identify instruments with a high level of use within the field
and that the search was conducted in several literature databases.
The included studies did use samples with somewhat different
characteristics (eg, sex, age, and level of symptomatology),
which may violate the transitivity assumption and, thus,
guestions direct comparisons across included studies.
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Abstract

The US health system has recently achieved widespread adoption of electronic health record (EHR) systems, primarily driven
by financial incentives provided by the Meaningful Use (MU) program. Although successful in promoting EHR adoption and
use, the program, and other contributing factors, also produced important unintended consequences (UCs) with far-reaching
implications for the US health system. Based on our own experiences from large health information technology (HIT) adoption
projects and a collection of key studiesin HIT evaluation, we discuss the most prominent UCs of MU: failed expectations, EHR
market saturation, innovation vacuum, physician burnout, and data obfuscation. We identify challenges resulting from these UCs
and provide recommendations for future research to empower the broader medical and informatics communities to realize the
full potential of anow digitized health system. We believe that fixing these unanticipated effects will demand efforts from diverse
players such as health care providers, administrators, HIT vendors, policy makers, informatics researchers, funding agencies, and
outside devel opers; promotion of new business models; collaboration between academic medical centersand informaticsresearch
departments; and improved methods for evaluations of HIT.

(J Med Internet Res 2019;21(6):€13313) doi:10.2196/13313

KEYWORDS
meaningful use; medical informatics applications; adoption

into law in 2009 [3], establishing the Meaningful Use (MU)

Introduction

When humans created the cities to enable surplus food, labor
division, and trade, the city itself generated new modalities of
problems such as disease and violence. The American
sociologist Robert K. Merton (1910-2013) coined the term
unintended consequences (UCs) to describe these antagonistic
elements inherent in any human endeavor [1]. The health care
industry, which in the United States has reached near universal
adoption of electronic hedth record (EHR) systems, is no
exception.

Calls for nationwide adoption of EHRs [2] finally came to
fruition when the US Congress passed the Health Information
Technology for Economic and Clinical Health (HITECH) Act

https://www.jmir.org/2019/6/€13313/

program. Asaresult of MU, EHR adoption among US hospitals
increased an impressive 8-fold in 6 years, and today, 9 in 10
hospital s use agovernment-certified EHR, and adoption among
office-based physicians is above 80% [4]. However, although
successful in promoting its intended consequences (EHR
adoption and use), the program, and other contributing factors,
also produced important UCs, with effects that range from the
health system level all the way to the point of care level. Many
recent publications have criticized MU and particularly EHRS,
however, little attention has been dedicated to promoting
effective solutions. Although previous articles have €licited
emerging health information technology (HIT) UCs such as
decreased patient-provider interaction, security breaches, and
overdependence on technology [5] and proposed a research
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agendato fixing the EHR [6], such reportswere produced during
the MU implementation, and therefore, their conclusions were
made before the US health system had been exposed to the
effects of nationwide EHR adoption. On the basis of our own
experiences from large-scale HIT adoption projects and a
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collection of key studiesin HIT evaluation, we discuss the most
prominent UCsof MU (Figure 1) and provide recommendations
for future research to empower the broader medical and
informatics communities to realize the full potential of a now
digitized health system.

Figure 1. Unintended conseguences of Meaningful Use, their contributing factors, and opportunities for future research from the broadest to the most
specific level. ARRA: American Recovery and Reinvestment Act; EHR: electronic health record; HIT: health information technology; UC: unintended
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Unintended Consequence 1: Failed
Expectations

Recent systematic reviews have found that most HIT evaluations
published before MU reported predominantly positive outcomes
[7,8]. These outcomes served as the foundation for the MU
program and have produced a hype around HIT. Such a hype
led to a nationwide adoption of commercial EHRs with high
expectations for improving the US health care cost and quality
[9]. However, after 4 years of nationwide EHR adoption, health
care in the United States is till the most expensive and lags
behind in some quality outcomes when compared with other
developed countries [10], which indicates that the expected
benefits of a digital health system have not yet materialized
[11-14]. Asthe adoption of commercial EHRs increased, new,
unanticipated modalities of problems emerged [5]. The first
systematic review of HIT impact published after MU continued
to find mostly positive results; however, it also reported that
19% of the studies found no significant HIT impact, and the
lack of negative outcomes is likely explained by publication
bias[15].

https://www.jmir.org/2019/6/€13313/

The same systematic reviewsthat have reported positive findings
have also reported several mixed results, which leaves
unanswered questions as to the impact of HIT on quality,
productivity, and safety. Furthermore, studies from other
industries demonstrate that I T adoption rarely produces positive
results if not accompanied by complementary factors or
investments [16]. Several internal and externa factors have
been identified as potentially affecting care outcomes during
HIT interventions [17], which suggests that previous studies
may have been subjected to similar context-dependent factors,
as they are common to HIT interventions [18,19]. PreMU
studiesare being criticized for relying on weak research designs
such as short-term pretest-posttests and for the use of a small
set of honconsensus measurements [8,12,20]. The latter is an
important barrier to the reproducibility of studies [21] and to
the comparison of outcomes across studies[20], which prevents
more comprehensive assessments of HIT impact and produces
guestionsregarding the strength of the evidence supporting HI T
effectiveness [22]. The lack of consistent evidence resulting
from the use of poorly designed studies indicates that what
others have called positive outcomes [7,8] are in fact putative
outcomes. It has been estimated that without improved research
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methods, around 100 hypotheses per year will continue to be
tested without providing any valuable knowledge [23].

With insufficient evidence to support the hype around HIT and
generalizable effects of HIT across care outcomes, settings, and
EHR systems, an important question remains unanswered: was
the over 20-billion-dollar investment in HIT from the America
Recovery and Reinvestment Act (ARRA) worth it?

The Path Forward

Implementation of a new EHR will inevitably add to the
complexity of the several aspects of care, and as users adapt to
the system, they demand new customizations [24]. These
customizations are often added to updated EHR versions that
demand extensive local testing and an implementation process
amost as complex, risky, and labor intensive as the
implementation of a newly adopted EHR. In such a scenario,
simple pretest-posttest designs areineffective [25]. A paradigm
shift on the choice of research designsfor HIT studiesis needed
to produce more longitudinal evaluations able to detect
time-sensitive effects common to HIT interventions [26] and
to assessalarge set of measures capable of detecting the diverse
effects of such interventions [11,12]. Furthermore, as HIT
interventions are subject to context-dependent factors,
assessment of potential covariatesis of paramount importance,
as demonstrated elsewhere [17]. A better understanding of the
full impact of HIT on the US health system will demand more
comprehensive evaluations that assess a large sample of
agreed-upon measures shared across researchers to allow
comparison of outcomes across studies by future systematic
reviews—and potential meta-analyses. In addition toincreasing
our understating of HIT impact on a national scale, such an
approach has the potentia to produce compelling evidence to
the need for improving HIT effectiveness and can lead usto a
more realistic assessment of the real value of the ARRA
investment in HIT.

Unintended Consequence 2: Electronic
Health Record Market Saturation

The time frame to implement MU’s certification criteria was
constrained, and the larger EHR vendors more rapidly complied
with the criteria, contributing to an increased adoption of
systems with established market share [27]. In 2017, the top 3
USHIT vendors shared 66% of the EHR market for acute care
hospital's, which includes most large academic medical centers
[28,29]. Given the complexity and high cost involved in
implementing acommercial EHR, health care organizationsare
unlikely to change an EHR vendor anytime soon, causing a
saturation of the US EHR market.

The Path Forward

As new, expensive EHR implementations become rarer, EHR
vendors will be forced to find new business models to remain
profitable. This path is evolving through initiatives such asthe
Substitutable Medical Applications & Reusable Technologies
(SMART), which coupled with data standards, such as Fast
Healthcare Interoperability Resources (FHIR), is enabling
development of third-party applications seamlessly connected
to commercial EHRs. Such applications have the potential to

https://www.jmir.org/2019/6/€13313/
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replace or augment commercial EHRS' functionality, in amodel
similar to the mobile phone industry [30]. To providers, such
an approach represents an interesting opportunity to expand,
customize, or replace EHR functionality as needed; to EHR
vendors, it represents an opportunity to diversify their products,
solutions, and sources of income. However, the saturation of
the national market has produced a situation analogous to an
oligopoly, and the path to producing new business models is
unclear. Although some vendors seem to be open to the idea of
having external applications connected to their EHR, others
intend to charge providers per FHIR transaction, which will
eventually hamper use of external applications. In addition, the
2 leading US EHR vendors areincreasing their global presence
[31], which may help to keep them financially sustainable and
postpone the development of new business models. With an
increased bargaining power of these vendors, the success of
initiatives such as SMART on FHIR may emerge from the
tension between providers needs and vendors' desire to keep
control over their products [19].

Some researchers have suggested that the use of similar systems
across the country will create opportunities for human factors
researchers by facilitating comparison of similar functionality
[5]; however, such opportunities may not reach fruition because
of local configurations that allow the same product to be
implemented in completely different ways across clients [32].
Overcoming the vendor oligopoly will demand devel opment of
informatics solutions proved to be more effective than current
systems functionality, which leads us to the next UC:
innovation vacuum.

Unintended Consequence 3: Innovation
Vacuum

AsEHR adoption has primarily been achieved through financial
incentives, the cycle of technological innovation typical of other
industries has not been observed in the US HIT sector. As a
result, commercial EHRs were adopted before fixing widely
known praoblems such as poor usability [33], which has been
associated to patient harm [34,35], and suboptimal clinical
decision support (CDS) systems [36] such as excessive,
overzealous aerts frequently ignored by providers [37]. In
addition, a recent evaluation of EHR certification criteria
concluded that the certification process is not designed to
prevent patient harm [38]. Specifically, the report found that
the usahility testing required does not include a representative
sample, does not include real clinical scenarios, and does not
simulate changes added through system configuration by local
clients.

The accelerated adoption aso affected benchmarking
organizations such as Intermountain Healthcare, Partners
Healthcare, and the Veterans Health Administration that have
traditionally promoted most HIT innovations [39]. These
organizations decided to replace their systemswith commercial
EHRSs, putting an end to the homegrown systems' era. As a
result, some of these organizations decided to dissolve their
informatics departments [40,41], decreasing their investment
in informatics innovation.
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With widespread adoption of suboptimal and poorly tested
systems, along with traditional innovators stepping aside, fixing
the EHR now is a bit like fixing an airplane midflight, and
without a pilot.

The Path Forward

At least 2 panels at recent American Medical Informatics
Association annual symposia have presented informatics
innovations in the post-MU era with clients of 1 large HIT
vendor, and most innovations included SMART on FHIR apps
[42,43]. Panelists have pointed out that as commercial EHRs
can properly handle capabilities such as billing, data storage,
and privacy regulations, informaticsinnovators tend to be freer
to innovate in the post-MU era. However, as previously
mentioned, most HIT vendorsare not yet fully open to seamless
interface with external apps. In addition, FHIR is a standard
under devel opment, and a substitute for thetraditional innovators
is yet to be found. To aggravate the problem, most contracts
signed between providersand HIT vendorsinclude clausesthat
hamper transparency by preventing providers from sharing
usability and safety issues that could otherwise advance EHR
design [44].

There was a natural reason for having most HIT innovations
coming from benchmarking organizations:. neither HIT vendors
nor academic departments have seamless access to clinicians
at the point of care, where informatics applications are put to
the test. In naturalistic settings, iterations between clinicians
and informaticists facilitate an understanding of users’ needs
toinform EHR development. Academicinformatics departments
could serve as a natural replacement for the traditional
innovators by promoting cutting-edge research toward fixing
the EHR, coupled with morerobust HIT evaluations. However,
this replacement will demand a closer relationship between
academic departments and their medical centers. In US
universities, these departments tend to function as independent
organizations, which hampers researchers’ access to HIT
resources and clinicians at the point of care. Work in such a
direction has started [45-47] and serves as example of the path
needed to design new business models, fostering innovation
and transparency, and fixing the EHR.

Unintended Consequence 4: Physician
Burnout

The accelerated adoption of commercial EHRs coincided (and
likely was programmed to coincide) with the implementation
of the Affordable Care Act (ACA). The slow, but steady,
implementation of pay-for-performance payment models has
given rise to the EHR-based quality measurement [48]. The
push for reporting clinical performance generates an increased
demand for capturing accurate, structured data [5], and the use
of suboptimal EHRs in these tasks has contributed to the so
caled EHR-associated physician burnout [49]. The use of
clinical documentation for nonclinical purposes is increasing
and is source of frustration among physicians [50,51]. Thisis
reinforced by the fact that electronic clinical notes generated in
the United States are significantly longer than similar
documentation in other devel oped countries[52]. Recent studies
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have found that in the post-MU and ACA era, for every hour
of patient contact time, physicians may spend up to 2 hourson
electronic documentation [53,54]. The documentation burden
has been so intense that in some cases, physiciansintentionally
closedotsin their agendato complete el ectronic documentation
of previous patients[17].

The Path Forward

In addition to simplifying billing requirements [6] and
developing informatics solutions to extract quality indicators
from clinical documentation [5], afundamental redesign of the
EHR to improve data entry and retrieval is needed. The
structured and static format of current EHR interfaces force
physicians to record clinical datathrough predefined and strict
functionality dependent on the current desktop kit (pointer +
keyboard + monitor with a cluttered EHR interface). For
physicians to keep the richer narrative of their clinical
assessments while decreasing the documentation burden, EHRs
must demand less typing and clicking [55]. New technologies
such as conversational speech recognition (CSR) have recently
achieved human parity with regards to transcription error rate
[56] and have tremendous potential for substantially decreasing
typing and clicking. However, CSR solutions may be
compromised by the fact that clinicians may make conscious
decisions about what information to communicate to patients
and to document in the EHR [57]. Therefore, there are
opportunities for research exploring what information clinicians
document (or not) in the EHR and what information they do
not communicate verbally to the patient but document in their
clinical notes [58]; such findings will inform development of
CSR and other data-entry solutions capable of handling such
situations. Regarding data retrieval, EHR content retrieved by
physicians is influenced by their tasks or information goals
[59,60]; however, such stimuli are not captured by current
EHRs. Future research should investigate how EHRS can support
data retrieval with intelligent stimulus- or goal-oriented
functionality that allows a holistic view of the patient and
flexible navigation across the record [58] to hopefully decrease
the documentation burden and its contribution to the next UC:
data obfuscation.

Unintended Consequence 5: Data
Obfuscation

Physicians frequently create their clinical notes by using the
patient’s previous note, a practice known as copy-and-paste.
[61] As a result, they often produce (and later deal with)
uninformative, bloated notes that often contain redundant
information and errors [62,63]. In addition, these notes do not
provide the data in a way that increases clinicians' situational
awareness (ie, the perception and comprehension of relevant
information necessary to take action) [64], and in some cases
may never be read [65]. The problem is aggravated by
overwhelming CDS alerts and reminders, many clinicians
complain that such alerts make them vulnerable to information
overload, which might lead them to missimportant information
[66]. The obfuscation of relevant data resulting from bloated
records has been reported [67,68], associated with potential
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safety hazards [69] and with delayed or incorrect decisions at
the point of care[70].

The Path Forward

Some proposed solutions to highlighting relevant data include
tailoring physicians' use of EHRs to document what they are
thinking about the patient’s situation [64], transferring some
data entry to patients [6], or new policies to facilitate health
information exchange (HIE) [5,6,71]. Such proposas are
unlikely to succeed in isolation as they require clinicians to
enter or import even more information into already bloated
records. In addition, the effectiveness of HIE seems to be
understudied [ 72]; although some studies report HI E-associated
improvements [ 73], others report the opposite [74].

Concise documentation that highlights relevant datawill come
from smarter EHRsthat actively participatein patient care[75];
however, to be smarter, EHRs must be able to capture and
process more information about the patient’s context and
clinicians' reasoning. Previous studies suggest that clinicians
seem to always know something that isonly partially represented
in or is missing entirely from the EHR [37,76]. For example,
EHRsareincapable of understanding why clinicians order what
they order, or how current symptoms are related to previous
problems. Although most EHRs alow medical records to be
structured on a problem-oriented basis, such structure does not
capture the reasoning behind the rel ationship between problems
and other clinical concepts. For example, a medication can be
linked to a problem, indicating that it was ordered to treat a
particular problem, but the reasoning (why) behind the choice
for this particular medication is not captured by the EHR. If
such data were captured, several opportunities for informatics
research would emerge to apply (and improve) computational
methods (eg, machine learning, natural language processing,
and text generation methods) to empower the EHR to use
patient’s care context data. Context-rich data could be used to
facilitate note creation, to create automatic notes ready for
review, and to increase the accuracy of CDS, potentially
mitigating the already infamous alert fatigue [37]. However, 2
major challenges remain: (1) A formal representation of the
semantic rel ati onships between clinical concepts (eg, symptoms,
findings, problems, diagnoses, and treatments) does not exist
and (2) Effective methods for capturing and representing
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clinicians reasoning need to be developed [58]. EHR vendors
have avoided this path to avert coliability for medical errors
when eventua system failures lead to misleading
recommendations[77,78]. What vendors have avoided trand ates
into several opportunities for informatics researchers. The
development of aformal representation of clinicians reasoning
seems to be a promising aternative to empower EHRs to
represent patients' situation [79]. However, the application of
such arepresentation into actual patient datawill demand new,
more effective data-entry approaches [58], improvements to
data visualization [80], and computational methods [55].

On balance, despite the unexpected effects and challenges of
nationwide EHR adoption, several opportunitiesfor developing
more effective EHRs and evaluation methods are likely to
emerge from the forces promoting progress. The UCs here
discussed do not intend to be exhaustive; other consequences
may be revealed as new, more robust HIT evaluations are
reported. We hypothesize that overcoming these UCswill likely
require a path reverseto the onethat produced them. By creating
smarter clinical information systems with more intuitive
navigation and data entry functionality, clinicians could save
time searching, synthesizing, and documenting datainthe EHR,
which would contribute to alleviate data obfuscation and
mitigate burnout. Such systems will likely come from external
applications devel oped through cutting-edge research conducted
in academic medical centersthat tend to beanatural replacement
for earlier informatics innovators. These applications, if
successfully implemented and evaluated, may back providers
up on their demands to have most large EHR vendors opening
their platforms, which would facilitate the devel opment of new
business models and decrease market oligopoly. Finaly, by
accumulating evidence of the effectiveness of these applications,
inisolation and in conjunction with commercial EHRS, a better
understanding of the true positive effects of HIT can be obtained
by future systematic reviews and meta-analyses.

The multiple efforts proposed here will demand collaboration
between diverse players such as health care providers,
administrators, HIT vendors, policy makers, informatics
researchers, funding agencies, and outside developers toward
asingle goal: to realize the full potential of a digitized health
system.
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Abstract

Background: Thereisan escalating crisisin health care, locally and internationally. The current health care model is unable
to meet the increasing health care demands.

Objective: The aim of this study was to reconceptualize the provision of health care to produce better outcomes at no greater
cost, by placing individualsin the position of authority to direct their own care, in a personalized, integrated health care system.

Methods: In this study, we used the Australian health care system as a model. We reviewed the current landscape of digital
health in Australiaand discussed how electronic medical records (EMRs) can be further devel oped into a personalized, integrated
health care system.

Results: Some components of an EMR and digital health system are already being used in Australia, but the systems are not
linked. A personalized, integrated health care model that is responsive to consumer needs requires not just a passive repository
of medical information; it would require a team approach, including the government, health care funders, industries, consumers
and advocacy groups, health care professionals, community groups, and universities.

Conclusions: Implementation of a personalized, integrated health care system can result in reduced pressure on the current
health care system, and it can result in the delivery of best-practice health care, regardless of location. Importantly, a personalized,
integrated health care system could serve as an education platform, “upskilling” not only clinicians but aso, more importantly,
patients and carers by providing them with accurate information about their condition, treatment options, medications, and
management strategies. By proposing personalized, integrated health care, we offer an intelligent model of health care that is
ubiquitous, efficient, and continuously improving.

(J Med Internet Res 2019;21(6):€12382) doi:10.2196/12382
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Introduction

Background

Ongoing improvementsin health care, successful management
of chronic conditions, and falling birth ratesin developed nations
areglobally leading to an aging population [1]. In 1950, 1 person
in every 12 people was aged above 60 years [2], by 2015, this
had risen to 1 person in every 8 people worldwide [3]. The
proportion of older personsis projected to continueto increase,
with 1in 5 people estimated to be aged above 60 by 2050 [3].
The associated prevalence of chronic diseasesisimmense [1].
By 2020, noncommunicabl e diseases are expected to contribute
to 57% of the global burden of disease and 75% of desths [4].
Indeed, approximately 40 million people died because of a
noncommunicable disease in 2015, namely cardiovascular
disease, cancer, chronic respiratory disease, and diabetes,
accounting for 70% of deathsworldwide[5]. The societal burden
of managing thisgrowing health crisisis substantial and unable
to be supported by current models of health care. Like many
other countries, Australia is turning to digital technologies to
address the rapidly growing gap between service demand and
capacity. Achieving a sustainable, agile, and effective health
system that keeps pace with demands requires a fundamental
disruption of health care delivery. The health system will need
to shift focus away from health care providers in centralized
locations treating illness; instead, the health system will need
to shift focus toward supporting empowered consumers in the
community in managing their own health and well-being.

In Australia, the gross domestic product expenditure on health
care has increased from 6.5% in 1989-90 to 10.3% in 2015-16
[6,7]. Annually, in Australia, there are an estimated 230,000
medication-rel ated hospital admissions, with acost to taxpayers
of Aus $1.2 hillion [8]. The Australian Medicare system is a
publicly funded, national universal health care system. In the
2016-17 financia year, Austraian Medicare expenditure on
medications was Aus $12 million, an increase of 11.3% from
the previous financia year [9]. This economic burden is
exacerbated by inefficiencies and waste in health care provision.
Bentley et a (2008) [10] outlined 4 key inefficiencies. (1)
duplication of services, such asrepeated blood tests, asclinicians
have no access to results of tests ordered by other clinicians,
(2) inefficient processes, such as unnecessary transport of
patients to seek medical management not available locally; (3)
overly expensive inputs, such as physicians providing services
that nursesare equally competent to provide; (4) medical errors,
such as adverse medication events resulting in avoidable hospital
admissions.

The downstream conseguence of increasing demand on the
health system, errors, inefficiency, and waste is clinician
burnout. Like many countries, Australia has a workforce
shortage across a number of health professions [11]; therefore,
clinicians are struggling to meet the health care reguirements
of patients [12]. Exacerbating this situation, consumers have
increased expectations of clinicians to assist patients in
becoming moreinformed and involved in the treatment decision
making and health management and provide prompt,
appropriate, and individualized support [12]. Unsurprisingly,
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high rates of burnout and psychological distress are experienced
by medical doctors: indeed, 48% of younger doctors report
burnout in the domain of emotional exhaustion, 18% report low
professional efficacy, and 46% report high cynicism, according
to a survey of over 12,000 Australian medical doctors [13].
Clinician burnout not only greatly reduces quality of life for
clinicians but also reduces quality of care to patients and
contributes to workforce shortages [14].

The current political climate in health care is characterized by
fiscal restraints combined with an aging population [3], increases
in the incidence of chronic illnesses [4], and escalating health
care costs [6]. These issues are aggravated by a limited and
burnt-out workforce trying to meet growing needs [11,14] and
significant inefficacies and waste [10]. The existing system of
health care is an insatiable beast, which we need to change.
Internationally, efforts are presently focused on trandlating
paper-based records into electronic records. In many respects,
this represents a digitization of eighteenth century health care
and misses a crucia opportunity for technology to transform
care and support new disruptive models of care [15]. Currently,
routine digital technology usein health isfragmented and mostly
“passive” in assisting with information storage or analysis.
Although technology heavy, health care has undertaken adigital
transformation in the way that businesses, particularly financial
services, have. To ensure sustainable effective health care into
thefuture, it iscrucial that we implement adigitally supported,
fully integrated, and secure health care system that is proactive
in the following: tailoring precision, holistic health solutions
for the individual; improving equity and access, particularly
among the disadvantaged; disseminating health innovations
rapidly and upskilling health providers in these innovations,
empowering consumers to manage their own health and
well-being [16].

Objectives

The aim of this paper was to reconceptualize the provision of
health care to produce better outcomes at no greater cost, by
placing individuals in the position of authority to direct their
own care. The fundamental premise is that individuals are the
expertsintheir illness experience and personal valuesin relation
to the optimal care they require. In this paper, we use the
Australian health care system as a model. We first introduce
the concept of a “Bespoke Health Care System” (BHS) and
discuss how digital health is currently being implemented in
the Australian health care system, including the use and potential
of electronic medical records (EMRS). We then propose that
EMRs could be integrated into a patient-centered management
platform rather than just function asalinked passiveinformation
depository. Finally, the necessary conditions for the successful
adoption of bespoke headth care are discussed, including
codesign to develop a platform for the user to ensure positive
user experience and trust in the data security and the highlight
the importance of utilizing frameworks to identify the barriers
most relevant to the implementation BHS.

Bespoke Health Care

Modern education has adopted an effective new approach of
“flipping the classroom,” whereby application of knowledgeis
doneinthe classroom whereas didactic learning is self-directed
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and occurs before class [17,18]. A number of health care
practitionersare applying “flipping” to clinical health care, that
is, providing patients with necessary knowledge before
consultations and then using consultation time to problem solve
and make joint decisions, with the aim of improving health
outcomes and experience of care and reducing costs[19].

We propose a new health care system that builds upon the
flipped health care model to place consumers in the driver's
seat of their health care, termed the BHS. A central component
of this model is increased patient involvement in health care
decisions and self-management assisted by the use of
technology. In the proposed system, individuals will have an
EMR, which contains al of a person’s relevant personal and
medical information across providers. A total of 1in5 medical
errorsare because of incomplete patient medication information
[20]. This record could be linked to primary care clinics,
specialists rooms, public and private hospitals, pathology
services, pharmacies, insurance companies, and other relevant
health agencies. It would allow new and relevant medical,
diagnostic, and management information to be uploaded and
viewed by the individual’s network of health care providersin
real time. Where appropriate, individuals would have accessto
their medical records via the EMR by using their computers
and smartphones.

However, the BHS expands well beyond the use of traditional
EMRs. Importantly, an EMR need not be a passive depository
of data. It could be used to remotely track symptoms, provide
routine medication reminders, prompt patientsto have aroutine
screening test, such as a breast mammogram, or allow patients
to book medical appointments and remind them to attend.
Currently, patient records are still often paper based. Even when
they are electronic, they are often not linked, disorganized, and
unable to be easily accessed by patients or their wider network
of health service providers. Thisleadsto unnecessary reordering
of tests, incomplete medical histories, or medication information
resulting in suboptimal patient care, occasionally endangering
the patient’s life [10].

Importantly, the BHS could serve as an education platform,
“upskilling” patients by providing them with accurate
information about their condition, treatment options,
medications, and self-management strategies. In addition, if
patients are prompted to record their clinical data (such asblood
sugar levels or blood pressure), medication adherence, or side
effects, these data could be aggregated and viewed by the
patients and their treatment team to track the illness tragjectory
and management over time. Moreover, routine symptom
assessment could trigger automatically dispatched symptom
management advice in real time, suggest appropriate support
services available locally, permit clinician notification when a
patient’s tracked symptoms indicated the need to review, or
prompt the patientsto contact their doctor or emergency services
if the symptom is potentially life threatening.

The BHS could include digitally supported platforms or
ecosystems that integrate care by linking not only electronic
records but also patients apps and devices with their health
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record, as well as providing virtua therapeutic spaces for
clinicians and patients to interact. Examples of such systems
includethe Synergy platform, used in treatment of mental health
and prevention of self-harm by identifying and rapidly
responding to suicidal ideation among young people [21].
Through “upskilling” individual s, thisinitiative would empower
people to have greater ownership over the management of their
health. Finally, the BHS could be used to also provide clinicians
with point-of-care decision support by providing diagnostic
algorithms to be used in conjunction with clinical assessments
and up-to-date, evidence-based, and easily accessible optimal
care pathways suitable for their patient’s condition, which will
also serve as continuing professional development. Thus,
although an EMR isthe core of the BHS, there are a number of
other equally important components required to implement the
BHS.

The Current Landscape of Digital Health in Australia

Some components of an EMR system are already being used
in Australia [22]. EMRs are commonly used in primary care,
and they are being introduced into hospital settings [23,24].
Several large scale Australian hospital s have fully implemented
an EMR and are using the system to electronically share
prescription and medication details directly with pharmacy,
eliminating written scripts, which avoids errors associated with
translating handwriting [22]. This results in a safer and more
efficient medication management [24]. Importantly, this system
gives hedth care professionals more detailed access to
information about medications taken, improving informed
clinical decision making, which is particularly beneficial for
individuals with comorbid conditions who are taking multiple
medications[23,24]. Thesedigital hospitalsarealso using EMRs
to provide electronic orders to diagnostic providers, such as
radiology and pathology within the hospital setting [23,24].
Some other areas where an EMR could provide significant
benefits include improved safety and health care quality and
greater patient, clinician, and administrator satisfaction, aswell
as cost savings and revenue gains, such asthrough reduced drug
expenditure [25].

In Australia, this technology is being rapidly adopted by
hospital s around the country (see Table 1), which presents some
examples of technol ogies being adopted by Australian hospitals
and health care practices.

Australia's “My Health Record” was launched in July 2012,
and it is a patient-controlled, secure Web-based summary of
health information, which can be accessed by individuals by
using their computer or smartphones. Thisinitiativewill greatly
assist Australiain achieving anintegrated digital health system.
Patients can control what clinical information is uploaded and
select to share thisinformation with their primary care physician,
specialists, hospitals, and other health care providers. According
to Australia’'s National Digital Health strategy, by 2022, the
“My Health Record” systemwill alow cliniciansto share patient
information with other health care providers, using anationally
consistent, standards-based approach to secure messaging [30].
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Table 1. Examples of digital health technologies adopted by Australian hospitals and health care practices.

The state of South Australia has introduced an “ Enterprise Patient Administration System,” which is an integrated EMR® system

allows prescribers and pharmacists to determine what Schedule 8 drugs have been dispensed for a patient, if a patient has had his
or her accessto drugs of dependencerestricted, or if a patient has been declared to be drug dependent or drug seeking by amedical

Australia’'s“My Health Record” is a patient-controlled, secure Web-based summary of health information, which can be accessed

The long-term strategy for the state of Queensland isa Digital Hospital and Health Service [29]; therefore, the government’s next
intended step is to link the EMR among care settings across the health system [29]. The Queensland state health department has

Queensland [30], al public hospitals and health services are aready connected to the “My Health Record” system, and a number

Location Digital health technology
South Australia
for every patient admitted to a public hospital or health service, progressively being rolled out across all metropolitan public
hospitals and a network of general practicesin South Australia[26].
Tasmania The Tasmanian state government has implemented a real-time reporting and recording system of controlled drugs. This system
practitioner [27].
Australiawide
by individuals by using their computer or smartphones.
The Northern The Northern Territory of Australia, which is geographically very remote and lacks many specialist health services, routinely
Territory provides tel ehealth services, which have increased appointment attendance and reduced patient travel time and expenses [28].
Queensland
already invested in the development of an integrated EMR across 9 facilities and 7 hospital and health services, with the aim of
enabling the exchange of information among primary, community, and acute care settings across the health system [29]. In
of hospitals and health services are connected in other parts of Australia[31].
Victoria

In the state of Victoria, several health services have implemented an electronic referral process, so that referrals are sent electron-
ically from 1 health care service to another rather than viafax or post [32].

3EMR: electronic medical record.

Furthermore, individuals and health care providers will have
accessto information about prescribed and dispensed medicines,
which will limit abuse of prescription medications, such as
opioids [33,34]. Patients will be able to digitaly request their
medicine on the Web, and all pharmacists will have access to
electronic prescribing [30,35]. The National Digital Health
Strategy is aso prioritizing an end-of-life care pilot test to
explore how advanced care planning documents can be
incorporated into the“My Health Record,” to be more accessible
to treating health professionals[30]. In addition, the“My Health
Record” providesadataplatform for new interfacesto be added
onto the system, and a number of apps are currently authorized
to connect the “My Health Record” system, including “Health
Engine,” which connectsindividual sto health practitioners and
allows Web-based booking of appointments[36]. The Australian
government has developed a Web-based mental health portal
that providesinformation about mental health appsand services.
“My Aged Care” isasimilar portal whereindividuals can access
information on aged care and related care services.

In the pilot scheme before 2018, about 20% of Australians
registered for a “My Health Record” [37]. This scheme was
mandated nationally from mid-2018, with a record being
automatically created for al Australians, unless they “opted
out” [38-41]. Currently, 90% of Australians havea“My Health
Record” [42]. According to Australia’s National Digital Health
strategy, the My Health Record” is set to be the core component
of Australia’s future national digital health service [30]. In
Queensland, [30] al public hospitals and health services are
already connected to the “My Health Record” system, and a
number of hospitals and health services are connected in other
partsof Australia[31]. In Australiaa one, the potential economic
benefit of transitioning to an EMR system in all public acute
and private hospital s equatesto approximately Aus$1.76 billion
annually [25]. This would be far greater if expanded to
community and primary care settings [25]. Telehealth is an
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important part of digital health and a BHS. Indeed, Mate and
Salinas (2014) [19] highlighted that many elements of
face-to-face clinic visits can be performed at home, with theaid
of modern technology, which is consistent with and important
for the devel opment of aBHS, particularly for thoseindividuals
who lack access to specialist care because of geographical
isolation or limited mobility [43]. It has been estimated that in
Australia, telehealth can not only improve access to medical
care and increase conveniencefor patients but it may also reduce
cost by up to AU $3 hillion annually through reduced residential
care costs, emergency admissions, potentially preventable
hospitalizations, and Royal Flying Doctors Services in rural
areas, aswell as patient transport and travel [44,45]. Currently,
the Australian Federal and State Governments are expanding
digital health to improve connectivity among service providers
in community and primary care settings and reach people in
their own homes [25]. Teleconference consultations between
clinicians and individuals in remote areas and living in
residential care facilities are currently being conducted as part
of ahome monitoring study and funded through the Australian
Medicare system [44,45]. To facilitate telehealth services, a
local telecommunications company, Telstra, has devel oped the
“My Care Manager,” atablet-based platform where clinicians,
individuals, and carers can video conference, where medication
details, scheduled services, and test reminders and care plans
can be stored, and where data from medical devices, such as
body weight, glucose, and pul se oximeters can be uploaded and
remotely monitored by clinicians [46]. If part of an integrated
BHS, it is possible that additional medical requirements could
be done remotely or more locally, for example, medication
reviews could be donevirtually [47], and individuals could have
blood draws taken at local centers [48,49]. Currently, national
agenciesin Australia have tested a system to remotely monitor
vital signs, such as electrocardiography, heart rate, spirometry,
noninvasive blood pressure, oxygen saturation, body weight,
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glucometry, and body temperature, in a cohort of elderly
individuals with chronic illnesses[45,50]. Finally, anumber of
technology providers in Australia, such as Springday [51] or
InnoWell [52] are providing integrated platforms that provide
support for new models of carethat integrate devices, apps, and
virtual consultations into one-stop consumer-facing platforms
in the management of chronic diseases, such as mental health
or cancer [21]. Theseinitiatives demonstrate the potential of an
integrated BHS, which could integrate EMRs, remote accessto
medical care, and consultation and health tracking, among other
functions. In summary, an integrated digital health system is
evolving in Australiato allow individual s to accesstest results,
set up appointments, medi cation reminders, test reminders, and
have teleconsultations with health care providers, but routine
implementation of these systemsis patchy, and the systemsthat
arein place are often not linked. It is yet to be articulated how
this new model of health care would operate on a population
level.

Bespoke Health Care System: Moving
Electronic Medical Records From an
Information Depository to a Patient-Driven
Management Platform

We argue that an intelligent approach using electronic personal
medical records to place individuals at the center of their care
and “upskill” them to have ownership over the management of
their health care will lead to greater efficiencies and better
patient outcomes. Indeed, individuals have expressed a desire
to be empowered. The Australian Digital Health Agency led
the extensive “Your health. Your say” consultation to inform
the development of the Australia’'s Nationa Digital Health
strategy. More than 3000 consumers, carers, health care
providers, community groups, professional bodies, and other
stakeholders attended 103 forums, workshops, webcasts, and
town hall meetings across Australia, and over 1000 submissions
and survey responses were analyzed for key themes [30]. The
first identified theme was that individuals want to take control
of their health care decisions and need access to their personal
health information to do this [30]. Participants identified that
they wanted to be able to manage their medication, request
prescription refills, and track their health status by using their
smartphone [30,35]. Anintegrated BHSwould allow individuals
to track symptoms, have access to diagnostic test results and
treatment decision aids, and obtain reliable information about
their diagnoses, management plans and medications, and
self-management strategiesfor disease, symptom, or side-effect
management. In addition, these systems would support the
integration of apps and devices, health data, and virtual careto
support new, potentially disruptive models of care. Previous
research shows that it is possible to increase self-management
of care through technology [53]. For example, an electronic
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health diary and symptom tracker/health monitoring tool have
been shown to improve self-efficacy in individuals with acute
coronary syndrome [54]. This proposal mimics the flipped
classroom model, whereby individuals can engage in didactic
learning at home [17,18,55], and their time with clinicians can
therefore be focused on discussing and solving problems and
applying the knowledge learned earlier [55]. The BHS could
also be used to assist individuals to adhere to clinica
interventions. Indeed, electronic prompts and reminder alerts
have been shown to increase patient engagement with digital
interventions [56]. Symptom monitoring and patient feedback
through the BHS could be used to assign patients to the
appropriate level of stepped care, and the provision of care
tailored to the individual’s level of need could be delivered
using Web-based interventions through the system. Piette et al
[57] have devel oped a personalized cognitive behavior therapy
pain management service that adapts to each patient’s unique
and changing needs to automatically personalize the intensity
and type of patient support, using feedback from patients about
their progress. Technology would enable the tailoring to
individual, clinical, and personal circumstances by using
reinforcement learning algorithms to deliver information that
is most relevant to each user, similar to those algorithms used
by Netflix, Google, and Amazon [58]. This system could aso
involve and “upskill” family/carers, which would increase the
capacity of the health care system by expanding nonprofessional
community care. Research showsthat aninteractive Web portal
providing targeted support for informal caregivers of persons
with dementia and professionals improves the acquisition of
information, interactions between carers and professionals,
accessto support from home, and self-perceived empowerment
in health-related decisions[59]. A further advantage of the BHS
is that it could be used to link interested individuals to peer
support networks, which could result in greater social
connectedness and support and improved coping strategies
[60,61]. Individuals could “opt in” to be linked with other
individuals with similar diagnoses and circumstances. Finally,
this system would enable consumer ownership of the
individuals hedlth data, increasing consumer health literacy,
engaging consumers in treatment decision making, activating
health promoting behaviors and self-management, and
supporting consumers to remain in their homes andlocal
communities. Such a system would place consumers in the
“driver's seat” in regard to the management of their own care.
Theincreasing focus on self-management of chronic diseasein
many respects placestheclinician in the position of coach rather
than director of health care, much in the same way education
has shifted from amodel of the all-knowing expert who lectures
to studentsto amodel focused on cocreation of learning, where
the teacher guides rather than directs learning through a
collaborative environment. Textbox 1 displays an imaginary
case study of how the BHS may operate from the patient’s
perspective.
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Textbox 1. Imaginary case study of how the Bespoke Health Care System may operate from the patient’s perspective.

Georgiaisin her late 70s and lives at home with her husband Frank and their 2 corgis, Lucy and Roxy. Georgia has diabetes, which is generally well
controlled. Georgia’'s smartphone beeps at her and notifies her that she is due to meet with her General Practitioner, Susan, for a regular checkup.
Georgia and her General Practitioner are both connected to a Bespoke health care platform that enables them to communicate with one another, as
well as other health care professionals, through secure messaging and web-based face-to-face meetings. It is this platform that has notified Georgia
that she is due to meet with Susan.

Using the Bespoke health care platform on her smartphone, Georgia sees that Susan has a free appointment time available on Thursday morning,
which Georgia books. The Bespoke health care platform also notifies Georgia that she is due to have some routine blood tests as part of her checkup,
and it shows her some available times at the pathology clinic around the corner from Georgia’'s house. There is a spot available tomorrow afternoon,
and Georgia selects that time. She will take Lucy and Roxy with her on her walk to the pathology clinic.

After her appointment, the pathology clinic uploads Georgia’stest results to her Bespoke health care platform. This allows Susan, Georgia's General
Practitioner, to see her results instantly, and if appropriate, to make these available for Georgia to view as well. Fortunately, all of Georgia's tests
results are normal, and Susan sends Georgia a message telling her this.

On Thursday, Georgia and Susan have a web-based face-to-face appointment using the Bespoke health care platform. The platform securely records
their meetings. At any time, Georgia and Susan both go back and review anything that they discussed during their appointment.

After her appointment, Georgia realizes that she is running low on her medication. She logs in to her Bespoke health care platform and requests a
refill of her regular medication, the details of which are already stored in her profile. Susan remotely approves this request, and it is automatically
sent to the pharmacy of Georgia’s choosing. Georgia selects the pharmacy closest to her house. The pharmacist then makes the medication ready for
Georgia to pick up, and the pharmacist notifies her using the Bespoke health care platform.

On Saturday morning, Georgia and Frank decide to take Lucy and Roxy for walk to the pharmacy to collect Georgia's medication. They will also
visit their favourite café for breakfast beforehand. Unfortunately, after collecting her medication, Georgia rolls her ankle and has a small fall. She
isalright, but she needsto go to the hospital for some monitoring. At the hospital, Georgia’streating physician, Alex, isableto view Georgia's medical
history, medication information, and treatment plan, as well as any allergies or other relevant medical information, using the Bespoke health care
platform. All of the information about Georgia’svisit to the hospital, including her treatment plan, isalso uploaded to the Bespoke health care platform,
and Georgia's General Practitioner, Susan, is notified to check in with Georgia regarding her ankle at their next appointment.

On Sunday afternoon, Georgia is settling in back at home, and The Bespoke health care platform automatically sends her some practical tips about
caring for her ankle and a reminder to take the medication that she collected from the pharmacy yesterday, as per Susan’s recommendations, and

it'sa good thing it did, as Georgia was preoccupied thinking about her ankle.

Necessary Conditions for Successful Adoption of
Bespoke Health Care

The critical element to achieve a BHS is the establishment of
auniversal personalized EMR, which has already occurred with
the“My Health Record [30]” in Australia. All individualswould
need to have access to fast, reliable, ubiquitous internet, and
there would need to be widespread ownership and proficient
use of maobile devices. Community and specialist involvement
and infrastructure would be necessary. A BHS would require
theinvolvement of local community centersto provide education
in the BHS, host peer support groups, deliver coaching in
self-management, and possibly use motivationa interviewing
techniques to increase engagement with the system [62]. The
system would need to be underpinned by best available
evidence, regularly updated, and have high acceptability with
health care providers, patients, carers, and privacy advocates.
The BHS would also present new opportunities for digitally
supported communication between health providers and patients
to support innovative models of care. Critically, universal health
records need to be able to securely store data from such
emerging systems. Potential benefits of the BHS are multiple.
First and foremost, the system would place the consumers at
the center of their care and promote self-management.
Individuals living in regional/remote areas would have greater
access to peak health services and specialist clinicians via
teleconsultations. The application of optimal care pathways
could be offered, regardless of the patient’s location, which
would reduce regiona variationsin health outcomes[1]. Patients
would have accessto real-time, evidence-based sel f-management
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advice. There would be reduced duplication and errors.
Moreover, clinical encounters would be optimized by
automating routine clinical activities, such as assessment of
symptoms or side effects. Furthermore, more clinical time could
be devoted to health care decision making and education, such
as reinforce health promoting behaviors. The intent is that the
BHS would enable the routine and universal delivery of
best-evidence health care, resulting in optimal health outcomes
and better patient experiences of the health system. The system
should demonstrate improved or equivalent patient outcomes,
with a reduction or no increase in health care costs. Finaly,
iterative and quality improvement processes based on
performance data could be built into the BHS. The devel opment
of this system requires ateam approach. On agovernment level,
there would need to be regulation and oversight, standards,
systems, and infrastructure to support the BHS. Health care
funders, such as Australia's Medicare and insurance agencies,
would need to change the architecture of their funding models,
which currently center around face-to-face medical consultations
with an individua patient and the delivery of procedures.
Progress is being made in this domain, with teleconsultations
between clinicians and individuals in remote areas and
Residential Care Facilities, which are currently being funded
through the Medicare system [44,45]. Industries would need to
develop and roll out new business and care models based around
personalized medicine and informed by best-evidence practice.
Universities can play a key role in training future health
professionals in digital hedth care systems, as well as
supporting the analysis and interpretation of big data, research,
evaluation, and iterative improvement of the BHS. The needs
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of consumers and advocacy group end users would need to be
identified and integrated, aswas donein the “ Your health. Your
say” consultation [30]. The experiences of clinicians working
within the health system must al so be considered and integrated
through processes, such as codesign models.

To be accepted and utilized by patients and health professionals,
theinitiative must be designed to be acceptable to the end users
(both patients and health professionals), cater to individuas
unique needs to place minimal demands on the health system
infrastructure, and be scalable and rapidly disseminated into
usual careif successful. Co-designiscrucial to theintervention
development process to design for the user. Co-design seeksto
understand the lived experience of end users, making the
everyday practices and contexts of the target audience important
resources to inform the design of the intervention [63].
Co-design refers to collective creativity as it is applied across
thewhole span of adesign process[64]. Specifically, thisentails
experts (researchers, designers, or devel opers) working together
with end users (consumers) from concept creation, prototype
review, to final product. In addition, theoretical frameworks
should be considered to provide the basis to optimize
implementation strategies and to identify implementation
barriers, strategies to address these barriers and methods to
explore mediating mechanisms [65]. A comprehensive
understanding of the barriers and enablers to implementation
of aBHSinclinical careisnecessary to support the devel opment
of effective implementation strategies [66,67]. Dansereau and
colleagues outlined that there are 4 levels of analysis relevant
to organizational behavior, these are persons, dyads, groups,
and organizations [68-70]. Evidence shows implementation
requires whole system change, involving both the individual
and organization [71]. Theoretical frameworks can help explain
why implementation efforts succeed or fail [ 72], but the biggest
challenge influencing the implementation of new interventions
is behavior change, with many frameworks therefore focusing
on human behavior theories[73,74]. The Theoretical Domains
Framework (TDF) developed by Michie and colleagues [74]
used expert consensus to identify 12 domains of behavior
determinants that could be used in implementation research.
Utilizing frameworks similar to TDF will be useful inidentifying
the individual - and organizational-level barriers most relevant
to the implementation of a BHS. Consumer ownership of data
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and privacy considerations also need to be addressed. The
Australian Digital Health Agency acknowledged this concern
in the National Digital Health strategy, and it has established
the Digital Health Cyber Security Centre. Its primary purpose
is to protect the national digital health systems and personal
health information of Australians from cyber threat and raise
the security posture of the Australian health sector. The Digital
Health Cyber Security Centre partners with national and
international cyber security organizations, acrossthe government
and private sector, to improve knowledge of the cyber threat
and leverage shared expertise and material across organizations
[30]. The recent funding of the Digital Health Cooperative
Research Centre by the Australian Federal Government that
links academia with services, government, and industry also
provides a vehicle for the development and support of new
national, coordinated approaches to the development of new
technology-driven models of care [75].

Conclusions

The ultimate objectives of the proposed BHS are reducing
pressure on the current health care system, delivering
best-practice health care, regardless of location, and placing
consumersin aposition to direct their own health care. Delivery
of personalized, evidence-based health care, regardiess of
location, is likely to improve disease outcomes, quality of life,
and patient experiences. “Upskilling” individuals and enabling
easy information sharing can improve communication between
individuals and health care providers. The BHS can offer
real-time, accurate data collection and information
dissemination. Importantly, delivery of best practice health care
inregional locationswould aid in decentralizing health services
by stimulating health industry growth in regiona centers, as
well as reducing the pressure and resource constraintsin urban
hospitals. This system would & so contribute to the devel opment
of anext generation workforce, which isresponsiveto emerging
challenges, particularly in the digital domain. By proposing
BHS, we offer an intelligent model of health care that is
ubiquitous, efficient, and continuously improving. The system
would allow research and iterative improvements to be
embedded into heath systems. Finally, reducing service
production and delivery waste is likely to result in economic
benefits.
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Abstract

Surgery isstill far from being completely safe and reliable. Surgical safety has, therefore, been the focus of considerable attention
over the last few decades, and there are a growing number of national drives to improve it. There are also a number of large
surgical complication reporting systems and system-based interventions, both of which have made remarkable progress in the
past two decades. These systems, however, have either mainly focused on reporting complications and played a limited role in
guiding practice or have provided nonselective interventionsto all patients, perhaps imposing unnecessary burdens on frontline
medical staff. We have, therefore, devel oped an evidence-based stratified surgical safety information system based on amulticenter
surgical safety improvement program. This study discusses some critical issues in the process of developing this information
system, including (1) decisions about data gathering, (2) establishing and sharing knowledge, (3) developing functions for the
system, (4) system implementation, and (5) evaluation and continuous improvement. Using examples drawn from the surgical
safety improvement program, we have shown how this type of system can be fitted into day-to-day clinical practice and how it
can guide medical practice by incorporating inherent patient-related risk and providing tailored interventions for patients with
different levels of risk. We concluded that multidisciplinary collaboration, involving expertsin health care (including senior staff
in surgery, nursing, and anesthesia), data science, health care management, and health information technology, can help build an
evidence-based stratified surgical patient safety improvement system. This can provide an information-intensified surgical safety
learning platform and, therefore, benefit surgical patients by delivering tailored interventions and an integrated workflow.

(J Med Internet Res 2019;21(6):€13576) doi:10.2196/13576

KEYWORDS
surgery; patient safety; information system; risk factors; evidence-based practice

to patients and improving the safety of surgical patients has,
therefore, drawn considerable attention over the last few
decades, and there are growing national drives to improve

Introduction

Globally, each year, more than 230 million operations are
performed and at least 7 million patients develop significant
surgical complications, including 1 million perioperative deaths
(at least half of which are preventable) [1,2]. Preventing harm

http://www.jmir.org/2019/6/e13576/

surgical patients safety [3]. There are also abundant
opportunities for informatics-based improvements in
perioperative care linked to the rapid development of
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information technology use in medical care. Information
systems, such as computerized physician order entry, automated
dispensing, barcode medication administration, electronic
medication reconciliation, and personal health records, are
playing an increasingly important role in enhancing patient
safety by reducing medication errors [4,5]. Up to 50.2%
(470/936) of medical errors can be avoided through the use of
information systems [6]. However, most of these systems are
not designed specifically for surgery. Their origina intention
was to regulate clinicians’ daily practice and allow health care
providers to carry out routine jobs effectively, preventing
potential errors[5]. Patient safety outcomes, which are crucial
indicatorsfor evaluating and improving surgical safety practice,
cannot usually be obtained reliably through these systems.
Extensive and carefully planned specialized information
platforms for surgical sectors are, therefore, needed to collect
data on patient safety [7]. Several nationwide surgical
complication reporting and learning systems have, therefore,
been developed in the past two decades, such as the United
Kingdom’'s National Reporting and Learning System [8]. This
was established in late 2003 as avoluntary schemefor reporting
patient safety incidents, to support learning from theseincidents.
Another large-scale Web-based information platform is the
American College of Surgeons National Surgical Quality
Improvement Program, which dates back to the 1980s and now
incorporates hundreds of hospitals across the United States. It
was devel oped to gauge the quality of surgical programs across
different hospitals. The primary function of both of these
systems is surgical incident reporting. Measuring incidence
alone, however, is not enough to guide routine clinical safety
behavior and enhance safety. A number of system-based
interventions have, therefore, also been developed, mainly
focusing on regulating clinical behavior and following the
publication of To Err isHuman [9]. Theseincluded the Surgical
Patient Safety System (SURPASS) checklist, which requires
11 forms (nearly 100 items) to be completed and documented
by providers for each individual undergoing surgery [10,11].
Theseintervention strategiesregulate thedaily clinical practices
of health care staff and thus improve patient safety, but they
impose a heavy workload in complex clinical settings. This
could increase fatigue and undermine the adoption of and
compliance with these systems by frontline health care staff
[12]. The number of successful system implementations is,
therefore, relatively small, with conflicting findings on their
effect on patient safety. This tends to lead to skepticism about
the true effectiveness of these systems and emphasizes the
necessity of developing a patient safety system with high
implementation efficiency and low operational complexity
[13,14].

Surgical operations are complex procedures. The perioperative
care process is a unique and challenging environment that
requires close collaboration among surgeons, anesthetists, and
nurses. Medical staff can also encounter sophisticated patient

http://www.jmir.org/2019/6/e13576/
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pathophysiological conditions. The length of patients' stay in
the hospital is relatively short in surgical departments, which
has posed a significant challenge for surgeons in capturing the
key factorsinfluencing surgical outcomesand thetimely transfer
of key safety information to other members of the surgical team
[15]. An information system capable of extracting knowledge
from high volume and multi-sourced clinical dataand supporting
decisionsinroutineclinical operationscould, therefore, improve
efficiency and effectiveness. It could also provide ahigh degree
of interoperability as well as information support, process
management, and optimization in delivering evidence-based
surgical safety interventions [16,17]. The complexities of the
perioperative environment, however, can complicate the process
of deployment and make technology implementation
challenging. Some common issuesin this environment must be
addressed for successful deployment of information technol ogy
[18]. The development of this type of evidence-based patient
safety information system (EPSIS), therefore, requiresaholistic
view. It needs to bring together clinical professionals, health
care administrators, data scientists, and information technol ogy
engineers. This process can serve as an important catalyst in
fostering a safety culture among frontline health workers,
constructing a surgical safety ecosystem supported by data
scientists, engineers, and administrators [19].

In 2014, a national project called Modern Surgery and
Anesthesia Safety Management System Construction and
Promotion (M SCP) was conducted in China. It aimed to improve
perioperative patient safety. On the basis of this study, a
perioperative surgical safety management information system
was developed. This integrated patient data collection,
processing, storage, and dissemination to support decision
making, work control and documentation, and visualization
[20]. To identify key elements and critical issues and formulate
a framework to design, develop, and implement an EPSIS, a
multidisciplinary panel of experts was assembled during the
project period. This panel consisted of 10 medical experts, 5
nurses, 5 medical administrators, 3 data scientists, and 7
computer science engineers. All 30 experts attended several
rounds of face-to-face consensus meetings, and widespread
suggestions were collected from both the literature and panel
members. Notes from project process meetings held by the
central project group and the project executive groups from
participating hospitals were also reviewed to identify practical
challenges faced during the devel opment of the project. These
were refined and distributed to the panel members. Key
methodological and implementation issues in designing and
developing an evidence-based surgical safety information system
were discussed, and recommendations on these issues were
collected through these meetings. Finally, a summary of the
framework was drafted and was circulated to panel members
viaemail. Commentswere collected until the group had reached
aconsensus. This paper discussestheseissues (see Figure 1) in
detail and uses practical examplesfrom MSCPtoillustrate them.
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Figure 1. Critical issuesin thelife-cycle for designing and implementing an evidence-based surgical safety information system.
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Developing and Gathering Data

Clinical data are usualy complex and highly distributed. This
poses challengesin collecting data to support the development
of an EPSIS, because this type of system relies heavily on the
management of high-quality surgical safety data. Using
high-quality data aso supports workflow management,
monitoring, and evaluation of the surgical patient safety system.
To sdtisfy the needs of the whole information system, the
accessibility, reliability, and timeliness of data should be
ensured.

Which Surgical Safety IndicatorsShould Be Collected?

Surgical safety promotion usualy requires integrated
interventionsinvolving changesin aset of activities. These have
long causal pathways and involve many factors that can
influence the causal chain [21]. Recommended surgical safety
indicators, therefore, include surgical complications and death
and length of stays, which directly measure the observable harm.
These indicators, unlike process or surrogate safety indicators
(eg, error or culture), are identifiable and quantifiable and are
more appropriate as natural endpoints in the story of patient
safety [22]. The collection of data on these observable harms
provides an easy way to investigate the causal chain. It could,
therefore, help support learning about critical surgical safety
issueslinked to specific contexts aswell asdevel oping intuitive
and target-sensitive functionsfor the safety improvement system
[22-24].

How Should Complication Reporting Be Standar dized?

Information about complicationsis not always readily available.
A complication reporting procedure requires accepted principles
of accrual, display, and analysis of complication data to be
predefined to capture complications in a structural way
[22,25,26]. This will alow meaningful comparisons of the
incidence of reported complications across different hospitals
or different periods within the same hospita [27]. The

http://www.jmir.org/2019/6/e13576/
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subsequent data processing could also benefit from this
structural reporting. Several classification criteria had been
proposed, of which the Clavien-Dindo classificationisthe most
widely used. However, this type of classification system
provides limited reference in standardizing complication
reporting because it mainly focuses on ranking complication
categoriesin an objective and reproducible manner, onthe basis
of the therapy used to correct them [28]. In 2002, Martin et
al proposed 10 criteria that should be met when reporting
complications following surgery [29]. These proposals could
serve as a reference in establishing the criteria for reporting
information about complications.

How Can We Retrieve and Integrate | nfor mation
About Inherent Patient-Related Risk?

An incomplete data inventory leads to incomplete analyses.
Electronic health recordsallow collection of particular elements
of hedth-related information (eg, obesity, coronary heart
disease, and hypertension) that are potentially associated with
safety outcomes. However, it remains a chalenge to form a
multidisciplinary patient safety reference database because it
needs to identify and track all data sources[30]. Knowledge of
health data attributes, including data definitions, value sets, and
other clinical coded content, is required. This means that the
data retrieve process needs to involve information technology
engineers, medical experts, and data scientists. Once the data
have been captured, they can be filtered to support further
clinical decision making by task and individua end user
requirements. An additional step of dataverification, introduced
for data quality control, is also necessary. In MSCP, to ensure
atrade-off between compl eteness and efficiency ininformation
collection, a specialist panel was formed including medical
experts, information engineers, and data scientists. By drawing
on the literature and collecting expert opinions, this panel
identified crucial information for inherent patient-related risk
and determined how to abtain this information accurately and
efficiently. To reduce user workload and transcription errors, a
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data extraction strategy was established by the clinical experts
and information system engineers for data readily obtainable
from hospital information systems. For information that is not
routinely collected by hospital information systems, or which
requiresaspecia reporting mechanism because of itsimportance
(such as complications), a stand-alone electronic data capture
system was developed. This included 3 separate subsystems
(ward, intensive care unit, and operation room). Patient
information was entered by an established data entry team once
the patients had been admitted. Complications (using clear
definitions) were entered within a week of the patient’s
discharge. The data collected from these 3 subsystems were
centrally managed. Regular data quality audits were aso
conducted, and the results were reported monthly.

Generating and Sharing Knowledge

Information alone is not enough to improve safety. Knowledge
about the spectrum of complications and potential risk
information extracted from the data is essential to formulate
guidelines to help decision making about which patients to
prioritize and what measures to take to prevent surgical
complications. Ultimately, these data-driven decisions could
play an auxiliary rolein supporting clinical decisions and lead
to more effective and appropriate use of resourcesthrough better
procedures. New data obtained through the system arelikely to
stimulate the updating of knowledge and, therefore, further
improve decisions.

How Should We Prioritize Complications to Target?

Not all complications are equally important to patient safety.
For instance, some complications have an extremely low rate
of incidence (eg, pulmonary torsion), are not related to severe
harm (eg, subcutaneous hematoma), or are not sensitive to
prevention measures (eg, hypothyroidism after thyroidectomy).
To ensure that the system is both operationally feasible and
cost-effective in routine clinical practice, it is important to
prioritize complications. We recommended prioritizing
complications based on high incidence and serious prognosis
and which aremorelikely to be preventable. We al so suggested
that it wasimportant to consider local conditions. Table 1 shows
an example from the MSCP Project, using empirical data and
expert consensus to identify surgical complications with these
3 characteristics. Complications with low incidence can still be
collected through the system. I ncreased experience and evidence
may enable groups to identify underlining patterns for the
occurrence of these complications and targeted intervention
measures can then be formulated.

How Can We Trandlate Surgical Safety Information
Into an Evidence-Based Stratifying Strategy?

An evidence-based stratifying strategy impliesthat patientswith
different risk factors (identified using data collected and
consensus among the expert panel) will receive hierarchical and
targeted interventions. The ability to make a preoperative

http://www.jmir.org/2019/6/e13576/
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determination of the overall risk for multiple major
complicationsisaprerequisitefor clinical decision making and
securing surgical patients' safety, which is the ultimate goal of
EPSIS [31-33]. Using the concept of risk population from
epidemiology, we defined al surgical patients as the risk
population for surgical complications at the stage before surgery
[20]. In other words, every surgical patient could potentially
develop any kind of complication and their risk of doing so is
determined by factorsthat vary among the patients. Knowledge
about patients’ existing risk factors can be generated using a
series of computational modelsto trandateinput data[34]. This
means that major contributory factors to complications can be
identified and intervention measures can then be devel oped for
patients.

Oinas-Kukkonen argued that intervention should be “tailored
to the potential needs, interests, personality, usage context, or
other factors relevant to a user group” and that a system that
offers personalized content or services has greater effectiveness
and efficiency [35]. Patients can be managed through the system
on the basis of their identified inherent risk. Specific
interventions can be offered to patients with different levels of
risk. This can, therefore, determine the appropriate amount of
resourcesfor each surgical patient, whichisvital for optimizing
patient flow. Examples of this concept include the well-known
Physiological and Operative Severity Scorefor the enUmeration
of Mortality and Morbidity scoring system and those recently
developed by the National Surgical Quality Improvement
Program in the United States[25,36]. With the growing tendency
for medical professionals to become more specialized, using
the risk population concept in the surgical safety field can also
provide a macroscopic view across safety issues in multiple
specidlties. It, therefore, provides a more global picture for
system-wide intervention planning.

How Can We Formulate Targeted I ntervention
Guidelines?

A system-integrated intervention guideline for decision making
should map out which specific surgical safety intervention
measures should be provided to patients with particular baseline
risk and how the intervention should be carried out. The
evidence from theory, the literature, and empirical research
could be brought together and developed through standard
procedures, such asthe Delphi process[37]. Frontline staff and
senior management, including both administrative and clinical
leaders, should be involved in formulating the guidelinesto get
a buy-in from different professional groups (eg, surgeons,
nurses, and anesthesiologists) to use the system to deliver
interventions [14,38]. For instance, in MSCP, the
interdisciplinary team of centralized researchers and clinicians
reviewed the relevant research to identify interventions with
the greatest benefit and the lowest barriers to use. Figure 2
shows how patients, complications, and interventions are
provided in a stratified way in this system.
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Table 1. Examples of prioritization of complications in the modern surgery and anesthesia safety management system construction and promotion
project.

Complication Decision

Surgical siteinfection A2
Delayed healing or nonhealing incision A
On ventilator 248 hours A
Death or confirmed death A
Hypoparathyroidism

@
=2

Coma after operation =24 hours
Respiratory failure

Electrolyte disturbance

Urinary tract infection

Pleural effusion

Acute renal failure

Skull defect

Cerebral edema

> @ ® > @ > W > W

Hemorrhage requiring 24U RBC infusion 72 hours postoperatively

|atrogenic pneumothorax

Q
o

Esophagus anastomotic fistula
Aphasia

Stress ulcer

Pneumocrania

Myastheniacrisis

Vocal cord paralysis

Pulmonary torsion

Secondary spinal canal stenosis
Fracture or loosening or dislocation of prosthesis
Internal or external fistulaformation
Tracheal softening and collapse
Incisiona hernia

Postoperative skin flap or subcutaneous effusion

O 0O o0 o0 o0 o0 o0 o0 00000 0

Heterotopic ossification

8High incidence (=0.5%), severe harm, and sensitive to prevention measure.
bHigh incidence, but not considered severe, or preventable based on the literature and an expert consensus.
“Very low incidence, based on complications reported through the system.
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Figure 2. Stratified intervention for patients at different risk level of complications.

All staff members & Patients
with basic risk factors for
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High risk patients
with severe systemic
diseases for severe
complications

Developing Functions and Applications

The data or applications should be presented in a visual form
that users can understand. This makes them easy to use to
support day-to-day operations and provide high-quality
communication among hospital sectors for information- and
knowledge-related functions [39]. Frontline medical staff and
administrators at different levels should be extensively involved
in the devel opment process because adoption needsto be driven
by clinicians where significant benefits can be articulated for
them, the clinical and administrative teams, and the patients
[40].

How Can We I ntegrate the System I nto the Existing

Clinical Workflow and Makethe System Sustainable?
The objective of EPSIS is improving surgical safety by
optimizing rather than subverting the current workflow.
However, theinformation system may befrustrating for frontline
clinicians and organizations if it does not fit with existing
systems. Thisisparticularly trueif it causes longer completion
times and workflow disruptions [24,41]. The system should,
therefore, be embedded into existing clinical routines in line
with the way frontline medical staff liketo work. It should also
take into account the interdependencies among the health care
staff, cultural environment, and the infrastructural organization
of the hospital. The challengein achieving thisgoal isto identify
the critical elements in the surgical workflow that influence
patient safety management and the need to exchange safety
information among medical staff at aminimum cost to existing
workflows and thus provide information support for the next
task. System use by different people in the clinical setting may
beimproved by visually representing the workflow of acomplex
clinical work environment and using user-system interaction
analysis and complex design changes. A picture will also help
inimposing the necessary workflow control and has been shown
to be more successful in changing an unsafe plan or preventing
the omission of essential interventions [42,43]. For instance,
soft or hard stop functions can be incorporated in the system.
Soft stops can alert clinicians if the intervention is not carried
out in line with the guidelines, and hard stops alert clinicians

http://www.jmir.org/2019/6/e13576/

1 Generic Intervention (mostly compulsive)

General safety practice of medical staff (e.g.,
hand hygiene, safe surgerv checklist), and
management of basic risk factors of patient
(e.g. hypertension)

1+2 Specific Intervention (selective & targeted)

Certain safety practice of medical siaff (e.g.
screening of deep vein thrombosis risk)

1+2+3 Intensive Intervention (highly recommended)

Early diagnosis and treatment of particular risk
Jactors of patient (e.g., systemic diseases),
including internal medicine consultation for
patient subgroups of very high risk

and stop the process unlesstheintervention has been completed
or an explanation has been provided to the central control point
to override the interception. Soft and hard stops are helpful in
promoting a buy-in but can result in variation in practice and
poor compliance with safety goals and intervention measures
[44]. An example of soft stops from MSCP is an interception
function devel oped to ensurethe timely delivery of preoperative
patient safety interventions. The surgery submission is not
approved if the preoperativeintervention has not been completed
for the patient.

How Can We Share Key Surgical Safety Information
Smoothly and in a Timely Way?

Perioperative clinicians and staff have little opportunity to
become familiar with surgical patients other than a quick
determination of therequired procedure. Thislack of familiarity
with and knowledge about patients could mean that perioperative
team members (eg, operation room, postanesthesia care unit,
and intensive care unit staff) might omit information that is
important for surgical safety, such asallergiesor antibiotic use.
Integrated care and a high degree of interoperability should be
highlighted to ensure high-quality communication of safety
information among the various hospital sectors. Thiswill allow
quick and adequate responses about surgical patient safety issues
[39]. Automatic reminders or alerts can facilitate the seamless
transfer of vital information. They can aso ensure that
appropriate information is delivered to the surgeon at the right
time and in away that will ensure the surgeon receives and acts
upon it. For instance, a reminder function was developed in
MSCPto alert staff acrossthe surgical ward and operation room
when patients had high American Society of Anesthesiologists
classifications.

How Can We M ake the User Interface Acceptableto
End Users?

The interface is one of the most significant parts of an
information system and helps users to work efficiently,
effectively, and satisfactorily [40,45]. The interface design
should aim to eliminate complexity, emphasize key elements,
and use special colorsto mark important areas. Onetacticisto
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make the interface as similar as possible to the previous paper
records, so that users do not need to search for the required
fields. Only the field relevant to the current task should be
displayed to the user, to increase efficiency. Feedback from end
users should be sought and welcomed on an ongoing basis for
the improvement of interface design and the iteration of
development as aresult.

How Can We AchieveaHigh Level of I nteroperability
With Existing Information Systemsand What isthe
Benefit?

Hospitals are information technology—intensive workplaces,
incorporating many kinds of information systems (eg, €l ectronic
medical records, laboratory information management system,
and office automation systems). These form an interoperable
digital health ecosystem. Integration of the EPSISwith existing
information systems could, therefore, influence several layers
of caregivers and provide more convenient workflow control.
Caregiversand professionalswill be able to send, receive, find,
and use digital health and care information in an appropriate,
secure, timely, and reliable way and with little additional effort.
Data interface standards should be established in the
data-sharing process for patient-level data.

In MSCP, weintegrated our intervention system into the existing
hospital information system, which, we believe, provided
considerable advantages in terms of the extent, depth, and
value-added use of the intervention system [46]. For instance,
being able to change intervention information electronically
makes it easy to continuousy monitor and validate the
intervention behavior of medical staff. Integration isa so helpful
in avoiding the inconvenience of switching between different
systems and, therefore, decreasing staff resistance to the
intervention system [47]. Other benefitsincludetherelative low
learning cost, faster adoption, and ease of logging-in. However,
there are also some barriersto integration with other information
systems, such asthelevel of investment needed, additional data
leakage risk, higher maintenance cost, and administrative
resistance.

System Implementation

There are two main challenges to managing the adoption,
implementation, and sustainability of the system. The first is
implementing the system organizationally, and the second is
shaping the use of the system and related practices to achieve
practical alignment with the intervention intention [48,49].
Drawing up an implementation plan and identifying and
selecting appropriate methods or techniques that fit the context
are considered fundamental to successful implementation [50].

What Contextual Factors|nfluence System
Implementation?

I deas, practices, organizational arrangements, roles, and status
in the information system all reflect and are influenced by the
wider sociocultural context in which they occur [51]. Thisis
particularly true for the organizational setting within which an
information system isimplemented, becauseit formsan integral
part of that system. Several frameworks are availableto identify
contextual factorsthat arelikely to influencetheimplementation

http://www.jmir.org/2019/6/e13576/
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of agiven intervention [52,53]. Their use allows attention to be
directed toward the contextual factors that are likely to hinder
implementation as well as identifying facilitators of success
[54,55]. For instance, Meijden et al identified 6 dimensions
affecting implementation: (1) system quality, (2) information
quality, (3) usage, (4) user satisfaction, (5) individual impact,
and (6) organizational impact [56].

How Should the Surgical Safety Cultureand its
Improvement Be Assessed?

Information system initiatives often fail because of mismatching
between culture and the information system or a failure to
understand culture and its influence on end user adoption of
information systems [51]. Changing staff attitudes and views
can help the staff understand the reasons for system changes
and improve acceptance [57-59]. The use of tools, such as the
Healthcare Research and Quality Hospital Survey on Patient
Safety Culture, is recommended to inform perceptions about
safety and related behavior, as well as to support the adoption
of asafety intervention system [60-62]. However, culture change
in a health care ingtitution can be along and intensive process
requiring more cross-collaboration and greater user participation
at all levels. Studies have suggested that organizational
championswho can shepherd system implementation, influence
cultural change, and act as a bridge with devel opers would be
a valuable resource. Strategies such as printed educational
materials, educational meetings, and educational outreach are
also effectivein changing attitudes and behaviors and increasing
the use of a new information system [38,63].

Training Strategy

The implementation of a new information system in aclinical
setting often ignores the influence of processes and routines of
clinical practice. A lack of understanding of system capabilities
can lead to workarounds, with the new system being used in
unintended ways [64]. A training plan must be designed and
completed beforetheinitia implementation and should include
intensive support during implementation. Moreover, providing
training shows the organization's support in system
implementation and development [65]. It is often effective to
deliver training tailored to different users, for example, nurses,
clinicians, and medical administrators. This should, however,
include a holistic view of the entire system to strengthen the
understanding of its function and goal. Hands-on practice and
simulations may provide more benefit than only giving lectures
[66]. Itisalso better to provide both compul sory and voluntary
training elements [67]. Finally, training sessions are essential
during or before system implementation, but ongoing training
and devel opment are also important [68]. Before the start of the
MSCP project, training teams involving both clinicians and
information technology engineers were established in each
hospital. Unit-based education and training sessions were
provided for nurses and other clinicians separately, because of
the differences in workflow and the system operating interface.
The standard operating procedure for efficient operation and
compliance wastranglated into a courseto facilitate thetraining
process. Continuoustraining was also apart of MSCR, to reflect
system updates and deployment of new function modules.
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Evaluation and Continuous Improvement

Surgical safety improvement is an iterative procedure.
Postimplementation eval uation, feedback, and performance gap
assessment can deepen insight into how and why particular
changes did or did not occur. This can further increase the
benefits of using the system, prolong its sustainability, and
support dynamic learning and improvement [69,70].

What I mplementation Outcomes Should Be Used to
Assess System I mplementation?

When devel oping monitoring and eval uation plansfor an EPSIS,
new system implementation indicators (eg, usability) are
recommended in addition to clinica outcomes (eg,
complications, death, and length of stay). Different dimensions
of outcomes and/or assessment methodologies have been
proposed for evaluating the implementation of health care
information systems [56,71-73]. For instance, Proctor et &
distinguished among 3 distinct but interrel ated types of outcomes
for assessment in implementation studies: service (eg, safety),
implementation (eg, fidelity), and client outcomes (eg,
satisfaction) [73]. Hull et a outlined 8 implementation
outcomes, defined as “the effects of deliberate and purposive
actions to implement new treatments, practices, and services’.
The outcomes were acceptability, adoption, appropriateness,
feasibility, fidelity, implementation cost, penetration diffusion,
and sustainability [74]. Correlating these implementation
outcomes with implementation success and failure could
strengthen the understanding of the mechanisms of the effect.
This might further tranglate into evidence-based interventions
to improve surgical safety.

Monitoring, Auditing, and Formulating a Feedback
Channdl for Performance I mprovement

A surgical safety information system needs monitoring and
continuous auditing to ensure that it adheres to intervention
guidelines [75]. Messaging functions could be used to enable
real-time recording and transmission of any problems. In MSCP,
the completion status of the surgical safety checklist for the
operation room isrecorded at different stages (signin, time out,
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and sign out), and any violation at any stage is recorded and
submitted.

Establishing a mechanism to provide feedback on the results of
intervention protocol variations (eg, compliance and
completeness) and patient outcomes to frontline medical staff
and managers is essential for fostering a culture of surgical
patient safety in hospitals [76,77]. These measures can
encourage improvementsin identifying and sharing information
about patient safety incidents. They can also help the staff to
identify problems during the implementation process, ultimately
supporting continuous|earning aswell asincreasing engagement
of medical staff. For instance, case-enhanced learning can use
real casesto allow staff to identify problemsand solutions. This,
therefore, provides|earning resources about complications and
clinica behaviors to support safety improvement. A
redesign-action-feedback closed cycle can be formed among
knowledge generation, function and application devel opment,
system implementation, and evaluation of effectiveness. This
has no defined beginning and end point, and the cycle should
not be interpreted as starting with prevention and ending with
action.

Inthe M SCP project, agraded confirmed awareness subsystem
was created. This gradually summarized patient outcomes and
the implementation status of the system to improve awareness
and confirmation in a specific sequence. This moved from
patient to doctor and nurse in charge, to surgeon (daily), to
department head (weekly), to medical affairs department
(monthly), to hospital dean (quarterly), and then to permanent
database. This system established dual duties (for subordinates
and superiors) and dua supervision mechanisms (individual
and external) for each person. Frontline staff and managers
become equal elements in the chain securing patient safety.
Moreimportantly, thistype of feedback channel could also help
create a culture of patient safety and increase the motivation of
hospital staff to deliver interventionsthrough the system. Inthe
MSCP, higher implementation rates were observed for al the
postoperative prevention packages following the introduction
of this subsystem (Table 2).

Table 2. Effects of implementing a Graded Confirmed Awareness System on surgeons in 4 hospitals in the modern surgery and anesthesia safety

management system construction and promotion project.

Prevention category Number with risk factors

Preoperative prevention measuresdelivered  Postoperative prevention measures delivered

Beforeintroduction of the graded confirmed awareness system, n (%)

Generic intervention 11,472 (27.0) 10,671 (93.0)
Specific intervention 11,641 (31.7) 11,453 (98.4)
Intensive intervention 4588 (23.8) 3245 (70.7)

After introduction of the graded confirmed awar eness system, n (%)

Generic intervention 8947 (23.6) 7528 (84.1)
Specific intervention 8532 (23.2) 8270 (96.9)
Intensive intervention 3514 (20.1) 2241 (63.8)

5830 (50.8)
6905 (59.3)
2064 (44.5)

5535 (61.9)
6037 (70.8)
1709 (48.6)
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Conclusions

This study has outlined and discussed several critical issuesin
the process of developing an EPSIS. The design rationale of
the system is summarized in Figure 3. The EPSIS is
characterized by several distinct features, including the
following:

1. Optimizing patient flow management and avoiding overload
of medical staff by delivering tailored interventions to
patients in a target-sensitive and stratified way based on
inherent risk.

2. Incorporating theintervention into routine clinical activities
and formulating a surgical safety information circle that
ensures that critical safety and management information
transfers smoothly between sectors and medical staff, in
particular, senior managers, who play a pivotal rolein this
information circle.

3. Integrating the intervention information system with the
existing hospital information system to construct an
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interoperable surgical safety improvement ecosystem,
incorporating outcome reporting, intervention, monitoring,
and feedback and finally developing a surgical safety
learning system encouraging a patient safety culture in the
hospital.

The issues we have discussed in this paper might serve as a
reference for projectsaiming to build an interactive mechanism
to combine safety systems supporting wide and continuous
improvement in surgical safety.

Thereareanumber of limitations and challengesin constructing
the EPSIS. The EPSIS in MSCP was mainly for patients
admitted for elective surgery. Future expansion, for example,
to emergency surgery and intensive care units, will present other
challenges that have not been considered in this paper. It is
difficult to establish evidence-based interventions for
complications with low incidence in EPSIS, which is focused
on complications. However, EPSIS is both a management
system and learning platform. Asmoreinformation isgathered,
this problem will gradually be eliminated.

Figure 3. Design pattern rationale graph of an evidence-based surgical safety information system.
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Abstract

Background: Postnatal depression and caregiving difficulties adversely affect mothers, infants, and later childhood devel opment.
In many countries, resourcesto help mothers and infants are limited. Online group—based nurse-led interventions have the potential
to help address this problem by providing large numbers of mothers with access to professional and peer support during the
postnatal period.

Objective: This study tested the effectiveness of a 4-month online group—based nurse-led intervention delivered when infants
were aged 2 to 6 months as compared with standard care outcomes.

Methods: The study was a block randomized control trial. Mothers were recruited at the time they were contacted for the
postnatal health check offered to all mothersin South Australia. Those who agreed to participate were randomly assigned to the
intervention or standard care. The overall response rate was 63.3% (133/210). Primary outcomes were the level of materna
depressive symptoms assessed with the Edinburgh Postnatal Depression Scale (EPDS) and quality of maternal caregiving assessed
using the Parenting Stress Index (PSI; competence and attachment subscales), the Parenting Sense of Competence Scale (PSCS),
and the Nursing Child Assessment Satellite Training Scale. Assessments were completed at baseline (mean child age 4.9 weeks
[SD 1.4]) and again when infants were aged 8 and 12 months.

Results: Outcomeswere evaluated using linear generalized estimating equati ons adjusting for postrandomization group differences
in demographic characteristics and the outcome score at baseline. There were no significant differences in the intervention and
standard care groups in scores on the PSI competence subscale (P=.69) nor in the PSCS (P=.11). Although the group by time
interaction suggested there were differences over time between the EPDS and PSI attachment subscal e scores in the intervention
and standard care groups (P=.001 and P=.04, respectively), these arose largely because the intervention group had stable scores
over time whereas the standard care group showed some improvements between baseline and 12 months. Mothers engaged well
with the intervention with at least 60% (43/72) of mothers|ogging-in once per week during the first 11 weeks of theintervention.
The majority of mothers also rated the intervention as hel pful and user-friendly.
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Conclusions: Mothers reported that the intervention was helpful, and the app was described as easy to use. As such, it appears
that support for mothers during the postnatal period, provided using mobile phone technology, hasthe potential to be animportant
addition to existing services. Possible explanations for the lack of differences in outcomes for the 2 groups in this study are the
failure of many mothersto use key components of theintervention and residual differences between the intervention and standard
care groups post randomization.

Trial  Registration: Australian  New  Zeadland Clinica  Trids Registry = ACTRN12616001732471;
http://Mww.ANZCTR.org.al/ACTRN12616001732471.aspx (archived on WebCite as http://www.webcitation.org/77z2030GDw)

(J Med Internet Res 2019;21(6):€13689) doi:10.2196/13689

KEYWORDS

mobile phone; infant; mother-child relations; postnatal depression; randomized controlled trial

Introduction

Postnatal depression causes significant distressfor mothersand
is associated with a range of adverse outcomes for children.
There is good evidence that caregiving difficulties associated
with depressive symptoms play a key role in mediating the
association between maternal depression and child outcomes
[1-6]. For example, postnatal depression has the potential to
negatively affect breastfeeding, infant sleep routines, and
attendance at health checks, al of which can adversely affect
children’s later growth and devel opment [4].

Morerecently it has been recognized that subthreshold postnatal
depressive symptoms can also affect maternal functioning and
infant development [6-8]. Thishasled many countries, including
Australia, to initiate universal screening programs for early
identification of mothers with depressive symptoms. However,
a mgjor challenge for screening programs is the paucity of
clinical services available to support mothers with comorbid
depressive symptoms and parenting problems and the difficulty
of engaging busy and/or isolated new mothers with treatment
programs [9].

Greater use of theinternet to deliver servicesto mothers during
the postnatal period offersapotential solution to these problems.
Internet use by women of childbearing age in Australia and
other countries is now ubiquitous with new mothers making
extensive use of theinternet to obtain child-raising information
and socia support [10-12]. Thishasencouraged the development
of a vast array of websites and mobile phone apps by
commercia, professional, and government organizations.
However, as noted by Plantin and Daneback [10], health-related
information on the internet can be misleading and occasionally,
utterly wrong [10,13]. In addition, there is amarked absence of
eval uations assessing whether online information and support
can improve maternal and child outcomes.

The intervention evaluated in this study was developed as a
response to the unresolved issue about how services can
effectively address the high prevalence of mild-to-moderate
depression and associated parenting problems experienced by
many women during the postnatal period [14-16]. The study
also responds to the Nationa Institute for Health and Care
Excellence guidelines calling for randomized controlled trials
(RCTs) designed to evaluate the effectiveness of interventions
to help mothers with depressive symptoms and parenting
difficulties [1,6,7]. The latter is important as the subthreshold
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levels of postnatal depressive symptoms in the early postnatal
period are a risk factor for the development of postnatal
depression and also have the potentia to interfere with optimal
mother-infant development [6,17,18]. Importantly, an RCT is
pragmatic and delivered within a state-wide child and family
health service system. This approach was adopted to enhance
the likelihood that trandation into new service models would
occur if the intervention was effective, as compared with
efficacy trials conducted by researchers external to real-world
service delivery systems.

The intervention extends earlier research by our group which
eva uated an online group—based nurse-led intervention designed
to help mothersin the general population better manage common
parenting problems experienced by mothers during the postnatal
period [19-21]. The enhanced intervention reported here used
a 4-month online group—based nurse-led approach to provide
help with both postnatal depressive symptoms and parenting
problems for mothers who were identified as having comorbid
mild-to-moderate levels of depressive symptoms and problems
caring for their infants during the first 4 weeks after the birth
of their infant.

The evaluation compared maternal and infant outcomes for
those who received the new internet-based intervention versus
outcomes for those who received standard postnatal home- and
clinic-based support from acommunity nurse, routinely offered
to al mothers in South Australia (Australian New Zealand
Clinical TridsRegistry ACTRN12616001732471). The primary
outcomes were (1) the level of maternal depressive symptoms,
(2) the quality of materna caregiving including the level of
parenting self-competence, and (3) the quality of the
mother-infant relationship, assessed when infants were aged 8
and 12 months[22].

Methods

Participants, Recruitment, and Randomization

Participantswere new mothersreferred by their birthing hospital
for their initial postnatal health check by nurses based at one of
13 Child and Family Health Service (CaFHS) community clinics
located in Adelaide or 1 clinic located in alarge regional center
in South Australia. From March to June 2017, when nurses
visited mothersfor maternal postnatal health checks (undertaken
when infants are aged 1 to 4 weeks), they asked mothersif they
would give permission for the research team to contact them
by telephone if the mother was eligible to participate in the
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study. Eligibility criteria were (1) Edinburgh Postnatal
Depression Scale (EPDS) score 27; (2) at least 1 self-reported
parenting problem; (3) literacy in English; and (4) accessto a
smartphone.

Intotal, 2213 mothers agreed to be contacted by telephone and
subsequently completed a nurse-provided questionnaire
comprised of a 4-item parenting problem scale and the EPDS
[23]. Among these mothers, 1632 mothers had EPDS scores
<7, 177 had minimal English skills, and 150 mothers were not
included asthey wereidentified by nurses ashaving high levels
of distressand, consistent with clinical practice guidelines, were
referred for additional support [24]. There were a further 41
motherswho were identified by nurses as not being eligible for

Figure 1. Flow chart of participants.
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the study, but as aresult of an administrative error, the reason
for noneligibility was not provided to the research team. This
left 213 mothers who scored >7 on the EPDS and reported at
least 1 problem on the 4-item parenting problem questionnaire.
A member of the research team telephoned these mothers to
obtain verbal consent for a home visit by a study field worker.
Among these mothers, 34 could not subsequently be contacted
by telephone, 43 declined to participate in the study when
contacted by telephone, and 3 were found to beineligible. This
left 133 mothers who completed the baseline assessment and
were randomly assigned to the intervention or standard care
arms of the study (Figure 1). Written consent was obtained at
the time of this preintervention home visit.

Screened for eligibility at 1-4 week health check
(n=2213)

Excluded 2000/2213, 90%
EPDS <7 (n=1632)
‘Minimal English skills (n=177)
‘Excluded by clinician (n=150)

;:: -Data not available (n=41)
=
= Eligible (n=213) ‘
=
=
Non-participation 80/213, 38%
-Declined to participate (n=43) 20%
-Uncontactable (n=34) 16%
-Not eligible (n=3) 1%
Randomized (N=133) ‘
7]
=
E Intervention Standard Care
a (n=72) (n=61)
Withdrew prior ‘
to intervention Completed (n=60) Completed (n=58)
2/72,2.8% _ _
Contacted but N/A (n=5) Contacted but N/A (n=2)
é’ Uncontactable (n=5) Uncontactable (n=1)
5 Declined (n=0) Declined (n=0)
=
o
-t
e
8-month retention 8-month retention
60/70=85.7% 58/61=95.1%
2 Completed (n=55) Completed (n=58)
§ Contact but N/A (n=4) Contact but N/A (n=1)
= Uncontactable (n=10) Uncontactable (n=2)
= Declined (n=1) Declined (n=0)
=

12-month retention

55/70=78.6%

12-month retention
58/61=95.1%
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Full details of the research design are provided in the tria
protocol [22]. In brief, the trial utilized a block randomized
control design. Blocks of 20 consecutive mothers were
randomized to either the intervention arm or the comparison
(standard care) arm of the study using arandomization schedule
that was generated by a statistician who was independent of the
study team. The research team was blind to group allocation at
the time of recruitment and assignment of mothers to the study
groups. However, owing to the nature of the intervention, after
the intervention commenced, it was not possible to keep the
research staff or field workers blind to the groups to which
mothers had been allocated. The exception to thiswas research
staff coding the Nursing Child Assessment Satellite Training
(NCAST) Parent-Child Interaction scale, who were blind to
group allocation while completing coding. Further information

Figure 2. The eMums Plus mobile phone app.
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regarding the randomization process is provided in the paper
describing thetrial protocol [22].

Intervention Versus Standard Care

Mothers randomized to the intervention arm of the study were
assigned to anurse-led, online group consisting of approximately
20 mothers of similarly aged infants. The 4-month intervention
was delivered when infants were aged approximately 2 to 6
months and was accessed by mothers via a mobile phone app
(seeFigure 2). The app was free to download from the rel evant
mobile app store (ie, iTunes or Google Play), and mothers
accessed the app on their own personal mobile devices (mobile
phones or tablets). Nursing staff delivering the intervention
were trained in the use and management of the app. They also
received additional training in the mental health components
of the intervention. [22]

3:08 pm

ALL POSTS | MNURS

MY POSTS

Alice (Mother)
, Baby Boy: Alexander (5 weeks old)

3 hours ago

We got some sleep last night! How is everyone else

today?
@ 2 likes

® 1 comment

€) Delete post

W Mandy (Nurse)
Fh 21 hours ago

Have you heard about Wonder Weeks? These are
predictable times during the first year of your baby's
life whereyour baby is taking a leap forward in their
development. This can be overwhelming for your
baby and can make them fussier than they have
been. Has anyone noticed a Wonder Week?

0 Introducing ‘Wonder Weeks’

F e

rF’
\ ® o

https://www.jmir.org/2019/6/e13689/ JMed Internet Res 2019 | vol. 21 | iss. 6 |€13689 | p.74

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Full details of the intervention are provided in the manuscript
describing the trial protocol [22]. New mothers and CaFHS
nurses were involved in the development of the intervention.
In addition, new mothers participating in CaFHS face-to-face
mothers groups were utilized to test the usability of the
intervention app, with iterative improvements made before its
use in the study, based on their advice.

Mothersin the comparison arm received standard care. In South
Australia, standard care consists of a single home visit by a
CaFHS nurse, usually within 4 weeks of the infant’s birth. The
nurse checksthe health of the mother and baby, provides general
advice about infant care, and provides information about
community services available to help mothers and infants.
Mothers in the intervention arm could also access community
services if they wished to do this. Mothers in the intervention
arm were not paid for their participation; however, a “thank
you” gift was posted to the child of the participating mother
upon completion of each questionnaire (3in total).

M easures

Trained field workers administered self-compl ete questionnaires
to mothers in their homes. Field workers aso video-recorded
mothers completing the NCAST teaching interaction during
home visits. All measures, including the NCAST, were
completed when infants were aged 1 to 2 months
(preintervention), 8 months, and 12 months.

Primary Outcomes

Maternal Depressive Symptoms

Thelevel of depressive symptoms experienced by mothers was
assessed using the EPDS. The EPDS is a 10-item self-report
guestionnaire that assesses symptomatol ogy during the previous
7 days. Scores range from 0 to 30 with higher scoresindicating
higher levels of depressive symptoms. Cut-off points can also
be used to identify mothers who may benefit from additional
support [23].

Maternal Self-Competence

1. Mothers perceptions of their parental efficacy and their
satisfaction with the parenting role were assessed using the
16-item Parenting Sense of Competence Scale (PSCS).
Scores range from 16 to 96 with higher scores indicating
higher levels of parenting self-competence and satisfaction
with their parenting role [25,26].

2. The Parenting Stress Index (PSlI) Competence subscale
(excluding 2 items ng parental education) was used
to assess mothers' perception of their competencein caring
for their infant [27]. The scale consisted of 11 items with
scoresranging from 11 to 55. Higher scoresindicated |ower
self-competence.

Quality of Mother-Infant Relationship

1. The NCAST Scale was used to assess the quality of
mother-child interactions. The NCAST utilizesa3to 5-min
video-recording of mothers teaching their child a skill
appropriate to the age of their child. For the purpose of this
study, we used the Teaching Scale as it is suitable for use
with infants aged 0 to 36 months. Mother-child interactions
are assessed in 6 areas. sensitivity to cues, response to

https://www.jmir.org/2019/6/e13689/
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distress, fostering social-emotiona functioning, fostering
cognitive growth, clarity of cues, and responsivenessto the
caregiver [28]. Trained research assistants coded the
video-recordings to generate a total score for mothers
(including the subscales sensitivity to cues, response to
distress, fostering social-emotional functioning, and
fostering cognitive growth) and a total score for infants
(including the subscales’ clarity of cuesand responsiveness
to the caregiver) [28]. Higher scoresindicate higher levels
of positive mother-child interaction quality. Further details
about the NCAST scores are included in the Statistical
Analyses section below.

2. ThePSl Attachment subscale was used to assess mothers
perceptions of the quality of their relationship with their
infant [27]. The scale consisted of 7 items with scores
ranging from 7 to 35. Higher scores indicated the lower
quality of mother-infant bonding.

The approach of using more than one measure to rate primary
outcomes was employed to determine the consistency of the
results, regardless of the particular measure used to assess the
outcome. The analysis of resultswas undertaken independently
for each measure.

Secondary Outcomes

1. Serviceutilization: Maternal self-completed questionnaires
were used to identify other online or face-to-face health
services used by mothers and infants.

2. Intervention quality: At the 8-month assessment, mothers
completed a 40-item questionnaire designed by the
researchersto assess mothers' perceptions of the quality of
theintervention. Itemsin the questionnaire asked about the
helpfulness of the intervention and the usability of the
mobile phone app.

3. App usage: Data about app usage were automatically
collected and included the number of log-ins, comments,
and replies that mothers posted and the number of times
mothers accessed the different elements of theintervention
available on the app.

Ethics Approval

Ethics approval wasreceived from the Women'sand Children’s
Health Network Human Research Ethics Committee (approval
numbers SSA/16/WCHN/016, HREC/16/WCHN/014).

Missing Data

Intotal, 22 participants did not compl ete the 8-month assessment
(N=2), the 12-month assessment (N=7), or both assessments
(N=13). We compared demographic characteristics and levels
of functioning at baseline of these 22 participants and those
with complete dataat all assessments (N=111). Compared with
mothers who completed all assessments, those who missed an
assessment were (1) younger (missed assessment mean 28.4
years vs completed assessment mean 31.7 years; 95 % Cl -5.4
to —1.2); (2) had delivered their first child (missed assessment
percentage=90.9% (20/22) vs completed assessment
percentage=61.3% (68/111) ;P=.01); (3) less likely to have
university qualifications (missed assessment percentage=40.9%
(9/22) vs completed assessment percentage=64.9% (72/111)
;P=.02); and (4) had lower EPDS scores at their baseline
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assessment (missed assessment mean 7.2 vs completed
assessment mean 9.1; 95 % CI -3.7to —0.1).

Multiple imputations could not be performed owing to low cell
sizesin the main predictors of missingness. We also attempted
to calculate inverse probability response weights to account for
the missing data, but weights could not be calculated owing to
low cell sizes. As a result, we have presented complete case
analysesin the main paper and analyses for all mothers with at
least 1 outcome score at 8 or 12 months in the supplementary
tables (see Multimedia Appendices 1 and 2) [29].

A small number of itemswere not completed on some measures.
Wherethisoccurred, missing item scoreswere estimated on the
basis of mean item scores for the measure, as recommended by
instructions for the measure.

Statistical Analyses

All analyseswereintention-to-treat. Initially, unadjusted results
were examined. Subsequently, adjusted mean scores for
intervention and standard care groups at each time point were
compared using linear generalized estimating equations) using
exchangeabl e within-group correlation structures[30]. In each
model, predictor variableswere group (intervention and standard
care), time (baseline, 8 months, and 12 months), and a
group-by-time interaction. Analyses were adjusted for residual
differencesin demographic characteristics after randomization
including the number of children, maternal education, housing
situation, maternal age (years) at baseline, and the outcome
score at baseline. All analyses were conducted using STATA
15.1 (StataCorp) [31].

There were 4 online mothers' groups in the study. However,
intraclass correlations were very small at both 8- and 12-month
assessments, ranging from 0.00 to 0.01 for the study outcomes.
Thisindicated that there waslittle clustering of outcomeswithin
groups. As a result, we did not adjust for clustering in the
analysis of results.

A number of problemswereidentified with the NCAST videos
recorded during the baseline and 8-month assessments. These
included, for example, afailureto record the start of theteaching
interactions; interruptions by field workers during teaching
interactions (such as providing additional instructions or
speaking to the child); and a failure to record the mother’s or
baby’sface during some of theinteraction tasks. These problems
have the potential to invalidate NCAST scoring. After the
problemswereidentified, further training was provided for field
workers. As a result, the problems were largely overcome by
the time of the 12-month assessment. However, given the
problemswith earlier assessments, we have only included results
from the 12-month NCAST assessment in this study.

At the 12-month assessment, a small number of items were
coded as missing for a large percentage of mothers because it
was difficult to record the required mother-child behavior. As
a result, items that could not be coded for more than 12%
(13/113) of participantswere not included inthe NCAST score.
In total, scores from 1 item were not included in the mother
total score (“the caregiver provides non-verbal feedback to the
child after the child performs better than the last attempt”) and
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4 items were not included in the child total score (“the child
smiles/laughs during the episode”, “the child grimaces/frowns
during the episode”, “the child smiles at caregiver within five
seconds after caregiver's verbalization”, and “the child smiles
at caregiver within five seconds after caregiver’s gesture, touch
or facial expression”). Assuch, the mother total score consisted
of 49 items (rather than 50) with possible scores ranging
between 0 and 49. The child total score consisted of 19 items
(rather than 23) with possible scores ranging between 0 and 19.

A linear regression analysis was used to compare the
intervention versus standard care group NCAST scores for
mothers and infants at the 12-month assessment. The scores
were adjusted for the number of children, maternal education,
housing situation, and maternal age (years) at baseline.

Thefrequency with which motherslogged on to theintervention,
their frequency of message posting, and the extent to which
they utilized different elements of the intervention are described
using means and median scores. The number of additional
services (both online and face-to-face services) that mothers
used to support them in caring for themselves or their infants
was assessed using percentage scores.

Sample Size

The sample size target for this study was 160 (80 in each trial
arm). This sample size would provide .80 power to detect an
effect size of Cohen d=0.4 at alpha=.05.

Results

The demographic characteristics and baseline scoresfor mothers
in the complete case samples are shown in Table 1. The
demographic characteristics and baseline scores for mothersin
the response samples are shown in Multimedia Appendix 2.

Compared with mothersin the standard care group, mothersin
the intervention group more frequently had more than 1 child,
were younger, lived in rental accommodation, and had less
frequently completed tertiary education. They also reported
lower scores on the PSI competence subscal e and higher scores
on the PSCS and lower scores on the PSI attachment subscale
(indicating better functioning on all 3 measures). A larger
number of mothersin the intervention group than the standard
care group could not be contacted at the time of follow-up
assessments (Figure 1). It ispossible that thiswas due to mothers
in the intervention group being a more mobile population as
reflected in their higher frequency of living in renta
accommodation. All these postrandomization differences
between the groups were adjusted for in the analysis of results.

The unadjusted outcome scores are presented in Table 2.
Mothers in the intervention group had lower PSI competence
scores and higher PSCS scores (indicating better functioning
on both measures). They also had lower PS| attachment scores
(also indicating better functioning). There was little difference
in the EPDS scores between the intervention and standard care
groups, except at the 12-month assessment where, on average,
mothersin the standard care group had lower EPDS scores than
mothers in the intervention group.
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Table 1. Baseline demographic characteristics of children and mothersin the complete case samplesin the intervention and standard care groups.

Characteristics Complete case P value?
Intervention Standard care
Values n Values N
First child, n (%) 29 (54) 54 39(68) 57 11
Male child, n (%) 29 (54) 54 27 (47) 57 51
Child indigenous, n (%) 24 54 0(0) 57 14
Single parent household, n (%) 1(2 54 24 57 .59
Maternal age (years), mean (SD) 31.1(5) 54 32.2(4) 57 .16

Mother’seducationb, n (%)

University degree 28 (52) 54 44(77) 57 .008

Trade or technical school 20 (37) 54 7(12) 57 .008

Some or al years of high school 6 (11) 54 6 (11) 57 .008
Mother’s employment, n (%)

Full-time paid employment 32 (59) 54 36 (63) 57 51

Part-time paid employment 16 (30) 54 18 (32) 57 51

Other (self-employed or casual) 3(6) 54 0(0) 57 51

Unemployed 3(6) 54 3(5) 57 51
Housing, n (%)

Rental or other 24 (44) 54 15 (26) 57 .046

Own home 30 (56) 54 42 (74) 57 046
Currently breastfeeding, n (%)

Yes 46 (85) 54 51 (90) 57 5

No 8(15) 54 6 (11) 57 5
Partner’s educationC, n (%)

University degree 21 (40) 53 26 (47) 55 .63

Trade or technical school 20(38) 53 20 (36) 55 .63

Some or al years of high school 12 (23) 53 9 (16) 55 .63
Partner’'s employment®, n (%)

Full-time paid employment 46 (87) 53 46 (84) 55 .49

Part-time paid employment 24 53 5(9) 55 49

Other (self-employed, contract, or casual) 3(6) 53 4(7) 55 .49

Unemployed 2(4) 53 0(0) 55 49
Parenting stress indexd, mean (SD)

Competence 265 (5.2) 54 28.8(5.8) 57 .03

Attachment 10.9 (2.9) 54 13.6 (4.8) 57 .001
Maternal caregiving, mean (SD)

Parenting Sense of Competence Scale 67.4 (10.3) 54 61.6 (9.7) 57 .003
Edinburgh Postnatal Depression Scale, mean (SD) 8.8(3.0) 54 9.5(4.9 57 .38

3For the comparison between the intervention and standard care groups for the complete case sample.
bHighast level of completed education.

®Note that the single parents in the intervention and standard care conditions did not report their partner’s education or employment; as a result, the
complete case sample has fewer n values in these cells, but these parents are not excluded.

9For the Parenti ng Stress Index, higher scores indicate a worse outcome.
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Table 2. Unadjusted mean outcome scores and mean difference (95% Cl) between scores in the intervention and standard care groups.

Outcome assessment Intervention (N=54)

Standard care (N=57) Mean difference (95% Cl)

Maternal confidence

Parenting Stress I ndex (PSl) competence®

Baseline 26.5
8 months 24.4
12 months 23.6
Parent Sense of Competence Scale
Baseline 67.6
8 months 69.2
12 months 69.5
Relationship quality
PSI attachment?
Baseline 109
8 months 10.4
12 months 109

Maternal Depression

Edinburgh Postnatal Depression Scale

Baseline 8.8
8 months 7.9
12 months 8.6

288 2.3(0.2t0 4.4)
258 15(-0.7t03.7)
252 1.6(-0.5t03.8)
616 -5.7(-9.5t0 -1.9)
64.9 -4.4(-7910-0.9)
67.3 -2.2(-5.910 1.6)
13.6 2.7(11t04.2)
125 2.2(0.9t0 3.5)
12.1 1.2(-0.1t0 2.6)
95 0.7 (-0.9t02.2)
8.7 0.7 (-1.1t0 2.5)
7.0 -15(-3.2100.1)

8Higher scores indicate more problems.

The adjusted outcome scores are shown in Table 3. There was
little difference in the adjusted mean PSlI competence scores
between the groups at any of the assessments. However, at the
baseline assessment, the adjusted mean Parent Sense of
Competence score was higher for mothers in the intervention
group (indicating better functioning) than for mothers in the
standard care group. In contrast, there was little difference in
the adjusted mean Parent Sense of Competence scores across
the groups at the time of the 8-month and 12-month assessments.

The adjusted mean PS| attachment score was |ower for mothers
in theintervention group (indicating better quality relationships)
than mothersin the standard care group at both the baseline and
8-month assessments but differed by a little across the groups
at the 12-month assessment. There were only small differences
in the adjusted mean EPDS scores between the groups at each
assessment.

In the standard care group but not the intervention group,
Parenting Sense of Competence scores were higher at the
12-month assessment than at baseline and EPDS scores were
lower (indicating better functioning on each questionnaire).

A possible explanation for the improved functioning in the
standard care group was that mothers in the group accessed

https://www.jmir.org/2019/6/e13689/

more additional health servicesthan mothersin theintervention
group. We investigated this possibility by reviewing responses
to questions asking about the frequency with which mothersin
each group accessed face-to-face or online health services. There
were few significant differences in service use between the
groups but mothers in the intervention group had more
frequently visited their family doctor and aso a hospital
emergency department 2 or more times during the previous 6
months at the 12-month assessment (family doctor: intervention
group=78% (42/54), standard care group=63% (36/57), P=.09;
hospital emergency department: intervention group=15% (8/54),
standard care group=4% (2/54), P=.04). They had also more
frequently accessed online resources such as the Baby Centre
website at the 8-month assessment (weekly/daily—intervention
group=41% (22/54), standard care group=21% (12/56), P=.03)
and the Red nose website or app at the 12-month assessment
(monthly/weekly/daily—intervention group=67% (36/54),
standard care group=46% (26/57), P=.03).

There was no difference in either the mother or infant adjusted
mean NCAST total scores between theintervention and standard
care groups (Table 4).
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Table 3. Adjusted mean (95% CI) outcome scores in the intervention (N=54) and standard care (N=57) groups. All scores are adjusted for the number
of children, maternal education, housing situation, and maternal age (years) at baseline.

Outcome assessment

Intervention, mean (95% CI)

Standard care, mean (95% CI) Group x time, P value®

Maternal confidence

Parenting Stress Index (PSI) competence

b

Baseline 26.5(25.21027.9) 28.8 (27.210 30.4) .69
8 months 24.4(22.71026.1) 25.8 (24.410 27.2) 69
12 months 23.6(22.21024.9) 25.2 (23.6 10 26.8) 69
Parent Sense of Competence Scale
Basdline 67.2 (64.510 69.9) 61.8 (59.1 to 64.4) 11
8 months 69.1 (66.5t0 71.7) 64.9 (62.81067.2) A1
12 months 69.4 (66.8 10 72.0) 67.4 (64.7 t0 70.1) 11
Relationship quality
PSI attachment”
Basdline 10.9 (10.1 t0 11.8) 13.6 (12.4to 14.9) .04
8 months 10.3(9.4t011.2) 12.6 (11.6t0 13.5) .04
12 months 10.9 (9.9t0 11.7) 12.1(11.1t0 13.1) 04
Maternal Depression
Edinburgh Postnatal Depression Scale
Baseline 8.6(7.7109.5) 9.6 (8.310 10.9) .001
8 months 7.8 (6.61t09.0) 8.8(7.5t010.1) .001
12 months 8.4 (7.2109.6) 7.2(5.9t08.3) .001

8gtatistical significance of the group x time interaction.
bHigher scores indicate more problems.

Table 4. Adjusted Nursing Child Assessment Satellite Training mean (95% Cl) scores for intervention and standard care groups in the complete case
sample. All scores are adjusted for the number of children, maternal education, housing situation, and maternal age (years) at baseline.

NCAST? assessment at 12 months Intervention Standard care Statistics, BP (95% ClI)
Mean (95% Cl) N Mean (95% Cl) N

Mother total score

Unadjusted 36.5(35.6t0 37.3) 51 36.2 (35.310 37.2) 54 _c

Adjusted 36.6 (35.7 10 37.5) 51 36.1(35.2t0 37.0) 54 0.47 (-0.85 to 1.80)
Child total score

Unadjusted 15.5 (15.1 to 15.9) 51 15.5 (14.9 to 15.9) 52 —

Adjusted 155 (15.0 to 15.9) 51 15.4 (14.9t0 15.9) 52 0.06 (-0.66 t0 0.78)

3NCAST: Nursing Child Assessment Satellite Training; note that owing to administration errors, the n value varies slightly from the full complete case

sample.
bUnstandardized regression coefficient.
®Not applicable.

more than 50% (38/72) of motherslogged into the intervention
: ; at least once each week until the 14th week of the 16-week
Posting M essages, and Using Each Element of the intervention. This suggests that most mothers were regularly
Intervention engaging with the intervention for the vast majority of the 16
Inthefirst 11 weeks of theintervention, morethan 60% (43/72) weeksinwhich it wasdelivered. A somewhat |ower percentage
of participants logged into the intervention at least once each  of mothers were regularly posting messages on the Chat page
week (thefirst tablein Multimedia Appendix 3). Furthermore,  (the first table in Multimedia Appendix 3). However, amost

Per centage of MothersL ogging Into the I ntervention,
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50% (36/72) of mothers posted at least 1 message each week
until the 6th week of the 16-week intervention. Subsequent to
this, the percentage of mothers posting at least 1 message each
week varied, but even inthe 10th week, 50% (36/72) of mothers
posted at least 1 message.

Theintervention app had anumber of componentsthat provided
mothers with different kinds of information and support (see
Multimedia Appendix 4). Full details about these elements are
available in the paper describing the study protocol [22]. The
second table in Multimedia Appendix 3 shows the percentage
of mothers who accessed each component at least once per
week. The Chat page where mothers could communicate with
each other and where nurses posted comments and responded
to queries was the component most frequently accessed (the
second table in Multimedia Appendix 3). In contrast, after the
initial weeks of the intervention, mothers less frequently
accessed the other app components, including the resources
component that contained key intervention content designed to
support parenting and maternal emotional health (the second
tablein Multimedia Appendix 3).

Qualitative Assessment of thelntervention by Mothers

At the 8-month assessment (after they had completed the
intervention), motherswere asked if they had received sufficient
information to effectively use the app features. In total, 80%
(47/59) of mothers strongly agreed or agreed that they had
received sufficient information to use the Chat and Resources
components of the app whereas 68% (40/59) to 76% (45/59)
strongly agreed or agreed that they had received sufficient
information to use each of the other app components.

At the 8-month assessment, mothers were al so asked to rate the
helpfulness and user-friendliness of each component of the
intervention. In all areas, the majority of mothers reported that
intervention components were very helpful or helpful (thethird
table in Multimedia Appendix 3). With the exception of mood
graphing and video components of the app, the majority of
mothers who used each component also reported that it was
very easy or easy to use (the fourth table in Multimedia
Appendix 3). However, alarge percentage (30% (18/60) to 47%
(28/60)) of mathers did not use some key components of the
app such as the mood-rater designed to allow mothers to track
their mood level over time and activities embedded in topic
areas that were designed to help improve maternal emotional
health (the fourth table in Multimedia Appendix 3). Finaly,
90% (52/58) of mothers reported that the length of the
information in each topic areawas about right. In addition, 44%
(25/57) of mothers reported the length of the intervention was
about right, whereas 51% (29/57) reported that it wastoo short.

Discussion

Principal Findings

This study examined the effectiveness of a 4-month online
group-based intervention led by community child health nurses
and delivered via a mobile phone app. The intervention aimed
to improve outcomes for mothers experiencing depressive
symptoms and difficulty caring for their infants.

https://www.jmir.org/2019/6/e13689/
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When infants were aged 8 and 12 months, maternal ratings of
their level of maternal depressive symptomsand their parenting
competence did not differ across the intervention and standard
care groups. Standard care provided to mothers in each group
consisted of a single home visit by a CaFHS nurse, within 4
weeks of the infant’s birth, to check the health of the mother
and baby and to provide information about relevant community
services for mothers and infants. When infants were aged 12
months, there was also no difference between the observed
quality of mother-infant interactions in the intervention versus
standard care groups. Thelack of differences between the groups
occurred despite mothers in the intervention group engaging
well with the intervention, logging into the app regularly, and
posting comments more frequently than has been reported with
previous online interventions [32,33]. In addition, a high
percentage of mothers in the intervention group reported that
the app was user-friendly, and its components were helpful for
them.

There are 2 possible explanations for the findings from the
study. First, although most mothers in the intervention group
regularly logged into the app and communi cated with each other
through the Chat page, they made much less use of the app’s
text-based resources designed to provide support for depressive
symptoms and guidance about how to solve common parenting
problems. Furthermore, mothers also made little use of the
activitiesin each topic areathat were designed to reinforce skills
being addressed by thetopic. Assuch, it ispossiblethat although
most mothers reported that the intervention was helpful and the
app easy to use, afailureto fully utilize key componentsin the
resource meant that the intervention did not produce measurable
improvements in maternal depressive symptoms and maternal
parenting competence, beyond those achieved with standard
care.

Second, despite mothers being randomly assigned to the
intervention and standard care groups, the intervention group
contained ahigher proportion of socially disadvantaged mothers
than the standard care group. For example, at the baseline
assessment a higher percentage of mothers in the intervention
group wereliving in rental accommodation and had lower levels
of educational achievement than mothers in the standard care
group. It ispossible that the greater level of social disadvantage
among mothersin theintervention group made them lesslikely
to benefit from a largely self-directed online group—based
intervention. It isalso possiblethat these differences contributed
to ahigher level of attrition among mothersin the intervention
group owing to the research team being unable to relocate a
larger number of mothers in the intervention group than in the
standard care group.

One of the key motivations for examining the effectiveness of
nurse support and an intervention provided online through a
mobile phone app is the limited availability of traditional
face-to-face services to support the large number of mothers
who experience difficulties during the postnatal period. The
aim wasto use innovative app-based technol ogy to increase the
number of mothers with depressive symptoms and parenting
problems who can be provided with support by existing health
services. Internet delivery has the potential to alow nurses to
provide ongoing support services without the need to travel to

JMed Internet Res 2019 | vol. 21 | iss. 6 |€13689 | p.80
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

mothers’ homes, reduce costs of no-show visits, and allow one
nurse to have contact with many mothers during a single day.
For mothers, internet delivery hasthe potential to enable access
to reliable, evidence-based just-in-time information along with
both professional and peer support without the need to attend
fixed-time appointments in clinics that may be geographically
distant from their homes.

Theresults of the study suggest that during the postnatal period,
mothers will engage and utilize support provided through a
mobile phone app. They also suggest that mothers find this
method of receiving support to be helpful and user-friendly. As
such, it appears that support for mothers during the postnatal
period provided using mobile phonetechnol ogy hasthe potential
to be an important addition to existing services. However, based
on results in this study, a continuing challenge is to find ways
of getting mothers to engage with key elements of online
interventions to ensure that they receive a sufficient dosage of
the intervention components required to reduce depressive
symptoms and improve parenting skills.

Strengths and Limitations

One of the main strengths of the study wasits pragmatic nature.
The RCT was conducted within a routine service setting using
existing administrative infrastructure to allocate participants
and existing clinical staff to deliver the intervention as part of
normal service delivery. As aresult, the intervention is able to
be taken up as a part of routine delivery by the service and the
results are those that we can expect if the service takes up this
intervention. A potential limitation of this study isthat residual
differences in demographic characteristics between the
intervention and standard care groups existed despite
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randomization [34]. Theintervention group had characteristics
associated with a higher level of disadvantage that may have
led to experiences of greater adversity throughout the
intervention that could have affected their levels of depression
and mother-infant interaction quality independently of the
intervention and in waysthat differed to mothersin the standard
care group.

Conclusions

Large numbers of women experience comorbid depressive
symptoms and difficulties with caregiving during the postnatal
period. However, there are limited health services available to
support these women and their infants. In particular, thereis a
lack of services that provide combined support for both
depression and caregiving difficulties during this period of time.

The eMums intervention did not reduce depressive symptoms
nor improve maternal caregiving. Changes to outcome scores
on the EPDS and PSI attachment scale suggested there was
some improvement in these areas for mothers in the standard
care group, largely after the intervention had ended. However,
these changes were very small and unlikely to be of clinical
significance.

Mothersin theintervention group reported that the intervention
was helpful, and the app was described as easy to use. Assuch,
this method of treatment delivery has the potential to support
larger numbers of mothers than is possible using clinic-based
face-to-face treatments. The mgjor challenge will be to find
ways to ensure that participating mothers fully engage with all
the active intervention components required to reduce their
depressive symptoms and improve their parenting skills.
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Abstract

Background: Many best practice smoking cessation programs use fully automated internet interventions designed for nonmobile
personal computers (desktop computers, laptops, and tablets). A relatively small number of smoking cessation interventions have
been designed specifically for mobile devices such as smartphones.

Objective:  This study examined the efficacy and usage patterns of two internet-based best practices smoking cessation
interventions.

Methods: Overall, 1271 smokers who wanted to quit were randomly assigned to (1) MobileQuit (designed for—and constrained
its use to—mobile devices, included text messaging, and embodied tunnel information architecture) or (2) QuitOnline (designed
for nonmobile desktop or tablet computers, did not include text messages, and used aflexible hybrid matrix-hierarchical information
architecture). Primary outcomes included self-reported 7-day point-preval ence smoking abstinence at 3- and 6-month follow-up
assessments. Program visits were unobtrusively assessed (frequency, duration, and device used for access).

Results:  Significantly more MobileQuit participants than QuitOnline participants reported quitting smoking. Abstinence rates
using intention-to-treat analysis were 20.7% (131/633) vs 11.4% (73/638) at 3 months, 24.6% (156/633) vs 19.3% (123/638) at
6 months, and 15.8% (100/633) vs 8.8% (56/638) for both 3 and 6 months. Using Complete Cases, MobileQuit’s advantage was
significant at 3 months (45.6% [131/287] vs 28.4% [73/257]) and the combined 3 and 6 months (40.5% [100/247] vs 25.9%
[56/216]) but not at 6 months (43.5% [156/359] vs 34.4% [123/329]). Participantsin both conditions reported their program was
usable and helpful. MobileQuit participants visited their program 5 times more frequently than did QuitOnline participants.
Consistent with the MobileQuit’s built-in constraint, 89.46% (8820/9859) of its visits were made on an intended mobile device,
whereas 47.72% (691/1448) of visits to QuitOnline used an intended nonmobile device. Among MobileQuit participants, 76.0%
(459/604) used only an intended mobile device, 23.0% (139/604) used both mobile and nonmobile devices, and 0.1% (6/604)
used only a nonmobile device. Among QuitOnline participants, 31.3% (137/438) used only the intended nonmobile devices,
16.7% (73/438) used both mobile and nonmobile devices, and 52.1% (228/438) used only mobile devices (primarily smartphones).

Conclusions:  This study provides evidence for optimizing intervention design for smartphones over a usual care internet
approach in which interventions are designed primarily for use on nonmobile devices such as desktop computers, laptops. or
tablets. We propose that future internet interventions should be designed for use on all of the devices (multiple screens) that users
prefer. We forecast that the approach of designing internet interventions for mobile vs nonmobile devices will be replaced by
internet interventionsthat use a single Web app designed to be responsive (adapt to different screen sizes and operating systems),
share user data across devices, embody a pervasive information architecture, and complemented by text message natifications.
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Introduction

Background

Many current best practice smoking cessation programs use
fully automated internet interventions designed for personal
computers (nonmobile devices such as desktop computers,
laptops, and tablets) that provide media-rich, multifaceted
content [1-7]. Owing to their substantial reach viathe internet,
these interventions offer the promise of helping large number
of smokers who want to quit [8-11]. However, benefits derived
from these internet interventions are probably reduced because
they are delivered largely for personal computers that are not
readily accessible during a user’s everyday routine. Moreover,
the interventions typically expect users to take the initiative to
access the program. In contrast, just-in-time mobile internet
interventions allow users to take the intervention with them
during their everyday routines [12,13]. Mobile interventions
take the initiative to proactively send or push content to users,
including program reminders, strategy refreshers, and
encouraging text messages [1,2,10,14-20]. Although mobile
health interventionsintroduce new opportunities, they also come
with some limitations. For example, the relatively smaller
screens may require adaptations from traditional Web content
interms of shorter text and simpler graphics. A relatively small
number of smoking cessation interventions reported in the
research literature have been designed specifically for mobile
devices [16], and to our knowledge, there are no direct
comparisons of interventions designed for smartphones (mobile
devices) vs interventions designed for desktop computers
(nonmobile devices) previously reported. Finadly, the context
for this discussion is that most US adults own multiple
information devices: (almost 77% use a smartphone, 75% use
adesktop or laptop computer, and almost 50% use tablets[21]),
and they use these multiple devices sequentially as well as at
the sametime [22].

Aims of This Research

This study examined the efficacy and usage patterns (including
devices used to visit) of 2 internet interventions for smoking

https://www.jmir.org/2019/6/€13290/

cessation both of which used best practice tobacco cessation
content. The MobileQuit intervention was optimized for
smartphones, whereas the QuitOnline intervention represented
a usua care internet intervention in that it was designed
primarily for use on honmobile PCs (desktop, laptop, or tablet
computers).

Methods

Participants Recr uitment/Enrollment

A nationwide internet-based marketing campaign used Google
AdWords, Reddit, Smokefree.gov, and ORI.org. Respondents
completed an internet-based registration procedure (screening
survey, steps validating a functional email account and a
cellphone number, informed consent, contact information, and
baseline assessment) before being assigned to condition via
computer-generated randomization (not persona preference;
see Multimedia Appendix 1). The study protocol was approved
by the ORI Human Subjects Institutional Review Board
(Assurance | dentification #FWA 00005934).

The eligibility criteriawere asfollows: (1) aged =18 years, (2)
cigarettes were the primary tobacco product, (3) smoked =5
cigarettes/day for the previous 6 months, (4) smoked in the last
7 days, (5) wanted to quit smoking in next 14 days, (6) active
users of a smartphone (iPhone or Android) and a personal
computer or tablet, (7) willing to receive up to 150 text messages
over 6 months of the program, (8) able to access the internet,
(9) not have another household member participating in the
research project, (10) have avalid personal email address, (11)
have a valid mobile phone, and (12) US resident.

Tailored Welcome Messaging

Each parti cipant received awel come message announcing their
treatment program assignment (Textbox 1). This message was
taillored (with emphasis added) based on the treatment
assignment and the type of device the participant used during
screening.
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Textbox 1. Tailored welcome messages.
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program anytime you want.

program anytime you want.

If randomized to QuitOnline and the device being used at screening is a smartphone:

«  Congratulations you have been assigned to the stop smoking program designed especially for you to use on your desktop or tablet. e have sent
you an email to confirmyour participation and to help you get to your program from your desktop.

If randomized to QuitOnline and the device at screening is not a smartphone:

«  Congratulations, you have been assigned to the QuitOnline program designed especially for you to use on your desktop or tablet. Please click
on the Get Sarted button start using the program. e have also sent you an email to confirm your participation, and so you can get back to the

If randomized to MobileQuit and device at screening is a smartphone:

«  Congratulations, you have been assigned to the stop smoking program designed especially for you to use on your smartphone. Please click on
the Get Sarted button to start using the program. Ve have also sent you an email to confirm your participation, and so you can get back to the

If randomized to MobileQuit and device at screening is not a smartphone:

«  Congratulations, you have been assigned to the stop smoking program designed especially for you to use on your smartphone. WWe have sent you
an email to confirmyour participation, and so you can get to your program from your smartphone.

Intervention Conditions

The 2 internet interventions presented very similar best practice
smoking cessation content based on cognitive behavior therapy

features (see Table 1) including many of the same interactive
and multimediafeatures (Table 2). Both emphasized the phases

Table 1. Cognitive behavior therapy ingredients in both internet interventions.

of quitting—Preparing to Quit,
Abstinence, and Retooling if lapse.

Quitting, Maintaining

Cognitive behavior therapy ingredients

Features

Example

Explanation of the treatment model®

Goal setting®©

Tracki ngb

Pleasant activities®?

Self-defeating thoughts?

Positive thoughtsb
Stress managementb
Maintenance pl an®

Relapse plan®?

Display text and animation and frequently asked ques-
tions (FAQs).

Display text, assign starsto list of choicesto choose
which strategies to use, and narrow choice via series of
guestions.

Periodic notification messages asking user to reply and
view summary charts of key ratings.

Display text, identify activitiesusing alist activity that
permits typing description of activity or choose from
prepopulated list items.

Display text and FAQs, view animations showing pro-
ceduresto identify and interrupt downward spirals, and
videos of coping models.

Display text and FAQs and videos of coping models.
Display text and FAQs and videos of coping models.
Choose strategies to use and sign commitment contract.

Review circumstances of lapse, list what to do different-
ly, and sign commitment contract.

Overview of preparing to quit, quitting, and
maintaining nonsmoking.

Set goalsto quit smoking and maintain nonsmok-
ing.

Track smoking/nonsmoking status and track
temptation (high smoking urge) situations.

Identify and plan for situationsthat trigger smok-
ing urges.

Identify and interrupt downward spirals that lead
to smoking.

Focus on being smokefree.
Two brief relaxation strategies.
Personal plan to maintain nonsmoking.

Plan for smoking dlips.

8 ncreasing awareness (destigmatizing/normalizing).
bProvidi ng opportunities for corrective experiences.

CEncouraging repeated practice.
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Table 2. Participant engagement activities in both internet interventions.
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Activities Functions

Examples

List activities Encourage creation of personal lists.

Expand-collapse (accordion) ac-
tivities

Drag and drop activity

Goal-setting activity Interactive steps for selecting goals.

Practice change activities

Behavior tracking
Host videos

Testimonial videos
strategies from program.

Animated tutorials

Enable exploration of additional detail on topicsof interest.

Provide interactive experience to test discrimination.

Doing homework tasksin normal routine.

Chart dataover timeto identify patterns and show progress.
Provide human touch and highlight topicsin each session.

Coping models overcome challengesto quit smoking using

Provide explanation for underlying models for change.

Lists of pleasant activities, list of supporters, reasons
for wanting to feel better, contributing factors, high-
tension situations, and warning signs.

Frequently asked questions, myths and facts.

Differences between extreme thoughts and everyday
concerns.

Number of pleasant activities to accomplish each day
and the strategies that worked.

Identify a downward spiral, practice relaxation, and
anticipate and savor activities.

Daily tracking of smoking status plotted in a chart.
Host videos at the start of each session.

Other smokers' experiences, for example, doing more
fun activities and managing mood patterns and stress.

Show downward mood spiral and how it can be caught
and managed at critical choice points.

MobileQuit Condition (Designed for Smartphone
Delivery)

The MobileQuit condition used an integrated mobile Web app
and text messaging intervention designed for a smartphone's
Web browser and had an appearance and functionality similar
to what would be found on a native app (eg, button on desktop
for launch). Web apps are relatively uncomplicated to update,
they use similar designs and programming across iOS and
Android operating systems, and they permit unobtrusive
monitoring of program usage [23]. As we wanted to examine
differences by device type, our log-in system attempted to

https://www.jmir.org/2019/6/€13290/

RenderX

constrain access so that only smartphones could be used to
access the MobileQuit program.

Information Architecture

MobileQuit used atunnel information architecture[23-25] that
defined the step-by-step order in which the program was
delivered over time, similar to the one used by Brendryen et al
[1,2] in their efficacious Happy Ending smoking cessation
projects. Major Topics of the Day could be viewed for asingle
day, and then excerpts were available as an ongoing reference
in the program’'s Library and Action Plan. Examples are
displayed in Figures 1-4.
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Figure 1. Screenshot 1 of MobileQuit and QuitOnline.
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fouiT

(K0 days tobacco free!

QuitOnline

Remember Reasons
Get Support
Manage Mood
Avoid Traps

Use Substitutes

MobileQuit o

Reward Progress

E(‘_l Nicotine substitutes

For a while after you
quit, we recommend
that you use nicotine
replacement products.
These are medications
that contain nicotine to
help reduce your
cravings and
withdrawal symptoms.
They are available ta
people aged 18 and older without a prescription
at your local pharmacy.

Nicotine Gum

Nicotine gum delivers nicotine
more...

Nicotine Patches

Nicotine patches deliver a steady
more...

Nicotine Gum

Nicotine Lozenges
When placed under your tongue, the
more...

Keep in mind that substitutes do not give you the
same safisfaction as smoking, but they do help
relieve nicotine cravings so you can focus on
changing the behavior and habits that trigger
your urge to smoke. Don't smoke when using
these products.

Choaose the nicotine substitute you plan to use.

Nicotine subs es | will use

O Nicotine Gum
(® Nicotine Patches
(O Nicotine Lozenges

HOME LOG OUT

Nicotine replacements

Research shows that using certain nicotine replacement
therapy (NRT) products can be very helpful when quitting
smaking. The QuitOnline program highly recommends that—at
least for a while after you quit—you consider using NRT
products like nicotine gum, patches, and lozenges. The
nicotine in these products can help reduce your cravings and
withdrawal symptoms when you quit. This can allow you to
focus on changing the behavior and habits that trigger your
urge to smoke. These products are actually medications but
they're all available to people aged 18 and older without a
prescription (over-the-counter) at your local pharmacy.

Nicotine Gum

Nicotine gum delivers nicotine through the lining
of your mouth. It gives you a short burst of
nicotine when you think you might need it, or
you experience a strong craving. >> more

Nicotine Patches

Nicotine patches deliver a steady dose of
nicotine through your skin over a relatively long
chunk of time. So it can help prevent strong
smoking urges from starting in the first place.
And you can use it in most settings; even when
you wouldn’'t want gum in your mouth >>

more. .

Nicotine Lozenges

When placed under your tongue, the nicotine

lozenge releases nicotine, which is absorbed

through your mouth. It can be used as needed,

and because it dissolves slowly, it can be used

without anyone knowing. >> more
Keep in mind that substitutes do not give you the same
satisfaction as smoking a cigarette, but they can help to
reduce nicotine cravings and they can help you quit. Some
people find it helpful to combine NRT products, but
remember: don’t smoke when using them!
Have you used the nicotine substitute you planned on using?
1f so, you might want to make some changes now. If not, now
may be a good time to start.

Nicotine substitutes | will use e
Nicotine Gum
Nicotine Patches

Nicotine Lozenges

o Back Next 0
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Figure 2. Screenshot 2 of MobileQuit and QuitOnline.

‘-’I U IT days tobacco free!

QuitOnline

My 5upp°|‘|; team HOME LOG OUT
Although quitting tobacco may be a private goal, success will
ok ns be greatly improved if you can get “a little help from your
Remember Reasons friends.” Family members and friends can be a huge help to
you when you're trying to quit.
Get Support
My Team There are two steps in getting support:
Manage Mood 1. Ask people to be part of your Support Team
Avoid Traps 2. Let your supporters know how they can best help you
. . i View and update your support team by typing their names
M 0 b I IEQU It Use Substitutes into the boxes (below) or by pressing a list button to choose
Reward Progress from a list of ideas that others have used successfully.

| TSN My personstsupport team o

E "_’l Support team My brother Scott -- he can give me a boost!

My wife Sally who wants me to quit for good!

 ist

Although your decision to quit smoking may be @
ﬁtﬁ:;aetl:?rgerhsyu:ﬁefsriseﬁ:g_l?e easier with "a Wilson at work. He quit & wants me todoit| |3
 list

By now you have probably told some people
you know that you have decided to stop
smoking. Who are the people in your life who =1
care about you and want to help you quit?
Friends and family members can be a huge help

when you're trying to quit. You need encouragement from your Support Team. Let them
know how to best support you by giving them the Helpful
My support team Tips for My Support Team that describes dos and don‘ts
to help. -
I:I ptot Figure out how to deal with anyone who is not supportive, so
m they don't distract you from your goal to quit smoking. Temptations

Support from friends

friends w

o Back Next o @

Helpful tips for support team

Helpful Tips for Your members

Support Team

Quitting smoking is up to you to do — but your
odds are greatly improved if you get support
from others.

< h M @
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Figure 3. Screenshot 3 of MobileQuit and QuitOnline.
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fCuir

days tobacco free!

QuitOnline

Remember Reasons
Health
Others
Save $
Control
Get Support
Manage Mood
Avoid Traps
Use Substitutes

Mobl IeQUIt Reward Progress

E ‘-’. Reasons to quit

You no doubt are aware that smoking can be
dangerous to your health. Maybe that is why
you want to quit. You can get more motivated
and raise your chances of quitting successfully
if you figure out what risk worries you the most.

Risk of lung disease

The chemicals in cigarette smoke damage
your lungs which can more...

Risk of heart and blood vessel disease
Nicotine increases your blood pressure and
makes your blood more...

Risk of cancer

Poisons from tobacco smoke can cause your
cells to grow out of more...

Now it's time to list your single biggest health
reason for quitting. You can type direcﬂr into

the box. Or you can tap the orange button
to choose from ideas that others used with
SUCCESS.

My health reason for quitting

| want to breathe easier E

When you want to review, add to, or change

Quit For my health

Maybe you want to quit because you know that smoking
cigarettes can be dangerous to your health. You can increase
your motivation and your chances of quitting successfully if
you write down your most powerful concerns about how your
health is being damaged - and how that damage will be
reduced when you quit.

Poisons from tobacco smoke can cause your cells to grow
out of control and create a cancer tumor.

HOME

LOG OUT

Risk of cancer

Risk of heart and blood vessel disease

Nicotine increases your blood pressure and makes your
blood vessels narrower.

Risk of lung disease

The chemicals in cigarette smoke damage your lungs

The great thing is that ence you quit smoking tobacco many
of your health problems began to disappear.

Use the interactive list tool to update your reasons.

My health reasons for quitting

I'm afraid I'll have a heart attack
My clothes, hair, and home will smell better
1 can reduce my risk of lung cancer, heart anc

1'll feel much better about myself!!

EEEEEO
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Figure 4. Screenshot 4 of MobileQuit and QuitOnline.
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days tobacco free!

QuitOnline

Remember Reasons
Get Support

Manage Mood

Negative Thoughts

MobileQuit

Avoid Traps

E § 1) Action Plan
i
My extreme thoughts

Being aware of my thoughts
will help me conquer urges to
smoke.

I:I I've smoked too long to quit

My positive thoughts

I'm doomed to smoke
forever

Increasing my positive
thoughts can help me keep
motivated and stay smoke-
freel

Decrease negative thoughts OME  LOG OUT

How well you deal with your thoughts can directly help or
hurt your chances of quitting tobacco for good. What you

think about can change your mood, your self-confidence,

and your ability to get through the tough times in order to
be successful at quitting smoking.

Decrease Negative Thoughts

At one time or another almost everybody has talked
themselves into getting upset. It isn't helpful to focus on
negative thoughts such as “I'm going to fail” and "I'm just
addicted and can't do anything about it." In fact, these
thoughts can hurt your chances of success.

So identify your negative thoughts and then plan to spend
less time thinking about them.

Review or update the list of negative thoughts you will try to
decrease by typing into the boxes (below) or by pressing a
list button to choose from a list of ideas that others have
used successfully.

My negative thoughts

You can help to manage your mood by spending less time
focusing on negative thoughts and more time focusing on
positive thoughts.

O =

EEEEEQ

ot @)

I:I Boys' faces

L apse Management Using the Detective Activity

Parti cipants who reported experiencing alapse were encouraged
to use the program’s Detective Activity —an interactive wizard
that asked a series of questions to help €elicit the circumstances
of thedlip (Figure 5) to create apersonal lapse-prevention plan.
Participants could use the Detective Activity multiple times.

Text Message Content and Schedule

Participants were sent text messages that synchronized with
their program’s predefined tunnel schedule. Asshownin Figure
6, atotal of 290 text messages composed of 4 types of content
were scheduled over the 6-month study period. Additional text
messages were sent if the participant did not view certain
program content, did not quit on the quit date, reported alapse,
reset the program’s clock, replied to smoking status texts, or
was scheduled for a follow-up assessment. Participants could
opt out of receiving text messages at any time without dropping
out of the study.

QuitOnline Condition (Designed for Desktop, Laptop,
and Tablet)

The QuitOnline personal computer condition was an internet
intervention that used interactive and multimedia components
to deliver best practice smoking cessation content. Adapted
from the efficacious MyLastDip smokeless tobacco cessation

https://www.jmir.org/2019/6/€13290/
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RenderX

program [26,27], QuitOnline used a hybrid matrix-hierarchical
information architecture [24] that enabled participantsto freely
examine available content. Participants were sent automated
email reminders to visit their program following periods of
inactivity or when they set a quit date.

Although intended for use on desktop computers, QuitOnline
adjusted its functionality somewhat when used on a tablet to
enable touch control, entering/editing text, and playing videos.
It did not automatically adjust its appearance to fit the smaller
screens of mobile devices.

Usability Testing

Both single-session and longitudinal usability testing methods
were used. During single-sessions, usability testers (N=6; as
recommended by Nielsen [28]) met in a research laboratory
with atrained research staff member while interacting with the
program and using the think-aloud procedure [29]. Consistent
with use cases in usability testing [30,31] and experience
sampling methods [32,33], testers followed the longitudinal
usability approach that asked them to be engaged with the
program during their normal routine over several weeks while
keeping detailed notes. Example use cases for MobileQuit
included not answering, quitting early, lapsing, and answering
2-way text messages. Testers also completed structured
interviews at the end of the test period.
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Figure5. MobileQuit's detective activity.

Relapse Prevention Plan showing
initial triggers leading to a lapse and

Identifying ways to change: In this a plan to handle situation next time
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NEXT, below.
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Figure 6. Standard regimen of 290 text messages planned to be sent to MobileQuit participants by message type.
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Table 3. Schedule of assessments

Danaher et d

Assessments

Screening and Baseline

3-month assessment 6-month assessment

Socio-demographics NG
Past tobacco use

Current tobacco use

Quit smoking status®
Nicotine dependence
Self-efficacy
Readiness to quit
Depression status

Alcohol use

X X X X X X X X X

Cannabis use

Helpfulness, usability and satisfaction

Use of other treatments

Device used to access programd

X X X

Use of program content?

b —

X X X X
xX X X

8 ndicates when the assessment occurred.
BNot applicable.

®Measured viatexts and return user questions from enrollment through 6-month assessment.
M easured continuously and unobtrusively from enrollment through 6-month assessment.

Assessment Plan and M easures

Baseline assessment was compl eted before randomi zation, and
participants were sent an email reminder with the URL to
encourage completion of follow-up assessments at 3 and 6
months (see Table 3). If a follow-up assessment was not
completed after 2 weeks, research staff attempted to complete
an assessment by phone. Any participant who did not complete
a follow-up assessment within 45 days of its scheduled date
was determined to have failed to complete that assessment.
Participants received US $20 for each completed follow-up
assessment and an additional US $20 if they completed both
assessments. Remuneration was not tied to quitting smoking.

Sociodemographics
Data were collected on participant age, gender, race/ethnicity,

marital statusor long-term romantic rel ationship with apartner,
and educational background.

Internet Usage

At both screening and baseline, the participants were asked
about how they accessed the internet. For example, eligibility
was determined in part by self-reported use of smartphones as
well as other types of computers to access the internet. In
addition, a baseline question was asked: “Overall, when you
use the internet, do you do that mostly using your smartphone
or mostly using some other device like a desktop, laptop or
tablet computer?’ Answer options included mostly on
smartphone, mostly on something else, both equally, depends,
or don’t know.

https://www.jmir.org/2019/6/€13290/

Current Tobacco Use

At screening, the respondents were asked about the number of
cigarettesthey smoked. Point prevalence self-reported smoking
status was asked on all assessments: “In the past 7 days, have
you smoked any cigarettes?’ with answer options: no, not even
a puff (scored 0) or yes (scored 1). If they reported that they
had smoked, then they were asked “On average, how many
cigarettes do you smoke in aday?’ At follow-up, participants
were asked “ Sinceyou enrolled in [assigned treatment program],
when did you last smoke a cigarette?’ with answer optionsless
than 1 month ago, 1 month ago, 2 months ago, and 3 months

ago.

Use of Other Tobacco Products, Quit Aids, and
Nonassigned Treatments

The participants were asked about their use of any tobacco
products other than cigarettes: “What type of tobacco products
have you used in the past 7 days?’ with answer options of
E-cigarettes, cigars, pipe, chew/snuff, other [open ended text
permitted], or | do not use any other tobacco products. At all 3
assessments participants were also asked: “Are you currently
using any of the following to help you quit smoking?’ Answer
options (check all that apply) included: nicotine replacement
therapy (NRT), patches, lozenges, or gum; prescription
medication, such as bupropion (brand name Zyban, Wellbutrin)
or varenicline (brand name Chantix); formal treatment
(telephone quitlines, therapy including group and individual,
hypnosis, acupuncture, etc); and none of the above.
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Past Tobacco Use

At baseline, the participants were asked about their tobacco
history (years of use, number of quit attempts, and amount of
use) as well as smoking by spouse/partner, by household
members, and among their 5 best friends. They were also asked:
“How many times have you made a serious attempt to quit
smoking cigarettesfor morethan 24 hoursin thelast 3 months?’

Slip Plans

Participants were asked the extent to which they endorsed a
series of statements at baseline and the 3-month assessment: “|
expect that | might dlip and smoke acigarette”; “Eveniif | dlip,
| still expect to quit smoking for good”; and “If | dlip, | havea
plan to get back on track to being smoke free” Each statement
used the same endorsement options: strongly disagree (scored
0), disagree (scored 1), neither agree nor disagree (scored 2),
agree (scored 3), and strongly agree (scored 4).

Nicotine Dependence

The 6-item Fagerstrom Test for Nicotine Dependence [34,35]
was assessed at baseline. We separately examined the time of
first smoke in the morning as this dependence item has been
found to be highly predictive of subsegquent abstinence [36].

Self-Efficacy

Participant self-confidence in quitting was assessed at each
assessment by asking: “How confident are you that you will
not be using tobacco a year from now” using a 5-point scale:
not at al, alittle, somewhat, moderately, and extremely. This
item was used in our previous research [37] and was found to
be a mediator of tobacco abstinence.

Readiness to Quit

The participants were asked at baseline to rate their confidence
in quitting using the contemplation ladder [38] that has an
11-point scale with the following answer options: | have no
thought about quitting smoking (scored 0), | think | need to
consider quitting smoking someday (scored 2), should quit but
not quite ready (scored 5), | am starting to think about how to
reduce the number of cigarettes | smoke a day (scored 8), and
| am taking action to quit smoking (scored 10).

Depressive Symptoms

Participant depressive symptomatol ogy was assessed at basgline
and at both follow-up assessments using the Patient Health
Questionnaire-8 (PHQ-8) [39], which provides a validated
measure of depression severity. The PHQ-8 asks: “ Over thelast
2 weeks, how often have you been bothered by any of the
following problems?’ with answer options of: not at all (scored
0), several days (scored 1), more than half the days (scored 2),
and nearly every day (scored 3) [40,41]. A PHQ-8 score =10
has been found to have an 88% sensitivity and 88% specificity
for major depression and typically represents clinically
significant depression [42].

Alcohol Use

Alcohol use was assessed at baseline using a single item that
asked, “ On average during atypical week, how many drinks of
alcohol do you have?’ Heavy use was defined as =13
drinks/week for men and =7 drinks/week for women.

https://www.jmir.org/2019/6/€13290/
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Cannabis Use

The 7-day point prevalence use of cannabis was assessed at
baseline and the 3-month assessment using the question: “In
the past 7 days, have you smoked cannabis (marijuana)?’ which
used dichotomous answer options of no, not even a puff (scored
0) or yes (scored 1).

Usability, Helpfulness, and Satisfaction

At the 3-month assessment, the participants were asked 2
guestions about program usability and hel pfulness:

“How easy was it for you to use the [MabileQuit; QuitOnling]
program?’ and “How hel pful wasthe[MobileQuit; QuitOnline]
program?’ with answer options of not at all (scored 0), alittle
(scored 1), somewhat (scored 2), moderately (scored 3), and
extremely (scored 4).

At the 3-month assessment, the participants in the MobileQuit
condition were also asked questions about text messaging:

“Did the MaobileQuit text messages make it easier for you
to quit?’ with answer optionsof not at all (scored 0), alittle
(scored 1), somewhat (scored 2), moderately (scored 3),
and extremely (scored 4);

“How would you describe the number of text messagesyou
received from MobileQuit?’ using answer options of not
enough, just the right number, too many, and no opinion.
“Overall, what percentage of MobileQuit’s text messages
did you read?’

The participants were also asked at 3 months about their
satisfaction with their assigned program: “Would you
recommend the [MaobileQuit; QuitOnline] program to friends
or family members who are interested in quitting smoking?’
with answer options of yes (scored 1), no (scored 0), and not
sure (scored 2).

Participant Engagement (Use of Assigned Treatment)

Both interventions unobtrusively tracked the overall number
and duration of website visits from enrollment to the end of the
6-month follow-up assessment [37,43]. Visitswere required to
last at least 1 second to be counted, and there could be multiple
visityday. The date/time of each text message was logged
automatically by the program, although it was not technically
possible to determine whether the participant viewed or read a
text message or for how long.

Device Used to Access the Program

Thedevice used by each participant to make each program visit
was assessed unobtrusively using the ScientiaM obile Wireless
Universal Resource FiLe (WURFL) tool that analyzed the user
agent string sent by the browser [44,45]. Consistent with
Google’'s method of categorizing maobile vs nonmobile devices
[22,46], we considered mobile devices to include smartphones
and feature phones whereas nonmobile devices included
personal computers (desktop computers), laptops, and tablets.

Statistical Analyses

The results were analyzed separately for the 3- and 6-month
follow-up assessments as well as using a repeated point
preval ence measure that combined 3- and 6-month assessments
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as a measure of more lasting abstinence. Logistic regression
models were used to calculate the odds ratios for abstinence
rate differences between intervention conditions, adjusting for
significant baseline differences between conditions. Secondary
analyses, assessing changes in cigarette usage (number of
cigarettes per day) and quit attempts among participants who
continued to use cigarettes, were analyzed using regression
models with a covariate adjustment for baseline values.

The possible predictors of outcomes were assessed using a
2-step procedure. First, a univariate binary logistic regression
was used to test the baseline participant characteristics as
predictors of smoking abstinence using the repeated point
abstinence at 3 and 6 months. Next, the significant predictors
were tested using multivariate binary logistic regression with
backward elimination. To identify any differential effects of
intervention on outcomes, the multivariate test included
treatment condition as well astheinteraction of condition with
sample characteristics.

IBM SPSS (version 24) was used for all statistical analyses,
unless otherwise noted. Analyses used both intention-to-treat
(ITT; in which participants who did not complete their
assessments were considered to be using tobacco [47]) and
Complete Cases (limited to participants who completed
assessments). For the ITT analysis, there was sufficient power
(.80) to detect a smoking abstinence rate difference of >7%
between intervention conditions with alpha set to .017 (.05/3)
to adjust for the 3 primary outcomes (3-month, 6-month, and
repeated 3- and 6-month point prevalence rates).

Results

Participant Enrollment

The sample of 1271 study participants was enrolled from
December 2015 to January 2017. The monthly enrollment varied

https://www.jmir.org/2019/6/€13290/
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considerably over time, with peak months occurring in the
summer and monthly enrollment descriptive statistics asfollows:
mean 104.8, SD 59.9, median 83, minimum 1, and maximum
179.

Participant Baseline Characteristics

The participant characteristics at baseline are described in Table
4. Consistent with the pattern reported in other studies of internet
smoking cessation interventions [10,11], our sample was
predominantly female (78%, 991/1271) and aged approximately
45 years. Most participants were married or had a long-term
partner (68.3%, 867/1271), had made a quit attempt in last 12
months (75.77%, 963/1271), and had at least a high school
degree (72.15%, 917/1271). The only significant
between-condition difference in basdine participant
characteristics was the larger proportion of participants in the
QuitOnline condition who reported having ahousehold member
who smoked (37.4%, 235/638) than the MobileQuit condition
(31.1%, 195/633).

Participant Internet Usage

The screening procedure validated that al participants had
functional smartphone and email service and they actively used
both asmartphone and adesktop computer or tablet. A baseline
guestion asked how participants accessed the internet. The
results indicated that 56.57% (719/1271) mostly used a
smartphone, 13.14% (167/1271) mostly used some other device,
22.42% (285/1271) used both a smartphone and other device
equally, 7.71% (98/1271) indicated that it depends, and 0.16%
(2/1271) did not know. No between-condition differences were
found on these measures.
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Table 4. Participant characteristics at screening/baseline by condition.

Danaher et d

Participant characteristic?

QuitOnline (n=638) MobileQuit (n=633) Tota (n=1271)

Age (years), mean (SD)
Female, n (%)
Married or have along-term partner, n (%)
Race/ethnicity, n (%)
White, non-Hispanic
Other
Education, n (%)
Not high school graduate
High school graduate/some college
Associate or bachelor’s degree
Master’s or doctorate degree
Regularly smoked for 4 or more years, n (%)
Cigarettes/day (previous 6 months), mean (SD)
Quit attempt in last 12 months, n (%)
Currently use other nicotine products, n (%)
Electronic cigarettes
Cigar
Pipe
Chew/snuff
None
Use quit aids, n (%)
Nicotine replacement
Prescription medication
Formal treatment

No use

Nicotine dependence (Fagerstrom Test for Nicotine Dependence-6), mean (SD)

Self-efficacy/confidence, mean (SD)

Readiness to quit, mean (SD)

Depression status (Patient Health Questionnaire-8), mean (SD)
Heavy alcohol use, n (%)b

Cannabis usein last 7 days, n (%)

Spouse/partner currently smokes, n (%)°

Household member currently smokes, n (%)

Number of 5 best friends who smoke, mean (SD)

456 (12.3) 44.2 (12.9) 44.9 (12.7)
500 (78.5) 491 (77.6) 991 (78.0)
432 (67.7) 435 (68.7) 867 (68.3)
485 (76.3) 485 (76.9) 970 (76.6)
151 (23.7) 146 (23.1) 297 (23.4)
186 (29.2) 168 (26.5) 354 (27.9)
320 (50.2) 337 (53.2) 657 (51.7)
126 (19.7) 125 (19.7) 251 (19.7)
6(0.9) 3(0.5) 9(0.7)
609 (95.5) 591 (93.4) 1200 (94.4)
17.9(9.9) 17.1(7.9) 17.5(8.4)
480 (75.2) 483 (76.3) 963 (75.8)
140 (21.9) 128 (20.2) 268 (21.1)
40 (6.3) 45 (7.1) 85 (6.7)
4(0.6) 9(1.4) 13 (1.0)
11 (L.7) 14(2.2) 25 (2.0)
311 (48.7) 305 (48.2) 616 (48.5)
100 (15.7) 99 (15.6) 199 (15.7)
41 (6.4) 47 (7.4) 88 (6.9)
19 (3.0) 9(1.4) 28(2.2)
484 (75.9) 493 (77.9) 977 (76.9)
5.4(2.2) 55(2.2) 55(2.2)
25(1.2) 26(L1) 26(1.2)
8.8(1.6) 8.9(1.6) 8.9(1.6)
9.1(6.3) 9.2 (6.0) 9.2 (6.1)
58 (9.1) 65 (10.3) 123 (9.7)
98 (15.4) 96 (15.2) 194 (15.3)
189 (30.3) 177 (28.1) 366 (28.8)
235 (37.4) 195 (31.1) 430 (34.2)
1.9(1.6) 1.9(1.6) 1.9 (1.6)

8Parti cipants could refuse to answer any question.

PDefined as greater than or equal to 13 drinks/week for men and greater than or equal to 7 drinks/week for women.
“Denominator is full sample, participants without a spouse or with spouses who do not smoke=0 and participants with a spouse who smokes=1.

Participant Flow Through the Study

As shown in the Consolidated Standards of Reporting Trials
[48] diagram (Figure 7), of the 1271 study participantsinitially
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enrolled, 42.80% (544/1271) completed the 3-month follow-up
assessment, 54.13% (688/1271) completed the 6-month
follow-up assessment, and 36.43% (463/1271) of participants
across conditions completed both assessments.
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Figure 7. Consolidated Standards of Reporting Trials diagram depicting flow of participants through the study.
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Anaysis of baseline characteristics of participants who
completed assessments (Complete Cases) failed to reveal any
significant differences between conditions. However, the
3-month follow-up assessment was morelikely to be completed
by participants who were female (46.1% [457/991] compared
with 30.8% [86/279]), who reported that they did not have a
long-term partner (50.6% [204/403] compared with 39.2%
[340/867]), and who reported using a nicotine replacement aid
(50.8% [101/199] compared with 41.32% [443/1072]). The
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638  QuitOnline (personal
computer, tablet condition)
[ 2 Withdrawals |
257  Completed

(40.3%) 3-month assessment

329  Completed
(51.6%) B-month assessment

6-month follow-up assessment was morelikely to be completed
by participants who were older (mean 45.7 years, SD 12.5
compared with mean 43.9 years, SD 12.8), less depressed
(PHQ-8 score: mean 8.6, SD 5.8 compared with mean 9.9, SD
6.5), had at least a college degree (61.5% [160/260] compared
with 52.2% [528/1011]), used anicotine replacement aid (61.3%
[122/199] compared with 52.8% [566/1072]), and did not have
a long-term partner (60% [242/403] compared with 51.4%
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[446/867])—especially apartner who smoked (56.1% [498/887]
compared with 49.7% [182/366]).

Tobacco Outcomes

The ITT 7-day point prevalence smoking abstinence results
across both conditions were 16.05% (204/1271) at 3 months,
21.95% (279/1271) at 6 months, and 12.27% (156/1271)
considering both 3 and 6 months (see Table 5). Participantsin
the MobileQuit condition displayed significantly greater
smoking abstinence than those in QuitOnline at 3 months
(adjusted OR 2.02, 95% CI 1.48-2.76; P<.001), at 6 months
(adjusted OR 1.38, 95% CI 1.05-1.80, P=.02), and using

Table 5. Smoking abstinence at follow-up assessments by condition.

Danaher et d

repeated point prevalence at 3 and 6 months (adjusted OR 1.97,
95% Cl 1.39-2.80; P<.001).

Complete Case smoking abstinence results across both
conditionswere 37.5% (204/544) at 3 months, 40.6% (279/688)
at 6 months, and 33.7% (156/463) repeated point prevalence
abstinence at both 3 and 6 months. MobileQuit participants
displayed significantly greater smoking abstinence at 3 months
(adjusted OR 2.12, 95% CI 1.48-3.03; P<.001) and at both 3
and 6 months (adjusted OR 1.95, 95% CI 1.31-2.91; P<.001)
but not at 6 months (adjusted OR 1.27, 95% CI 0.93-1.73;
P=.13). For participantswho did not achieve abstinence, changes
inthe number of cigarettes smoked and number of quit attempts
were not detected by condition at the 3- or 6-month follow-up.

Type of analysis

3-month assessment

6-month assessment 3- and 6-month assessments

All participants (intention-to-treat)
MobileQuit (n=633), n (%)
QuitOnline (n=638), n (%)

131 (20.7)
73 (11.4)
Between group difference
Adjusted OR? (95% Cl)
P vaue <.001
Participants who completed assessments (Complete Case)
MobileQuit, n/N (%)
QuitOnline, n/N (%)

131/287 (45.6)
73/257 (28.4)

Between group difference

2.02 (1.48-2.76)

156 (24.6)
123 (19.3)

100 (15.8)
56 (8.8)

1.38 (1.05-1.80) 1.97 (1.39-2.80)

0.02 <001
156/359 (43.5) 100/247 (40.5)
123/329 (34.4) 56/216 (25.9)

Adjusted OR (95% Cl) 212 (1.48-3.03) 1.27 (0.93-1.73) 1.95 (1.31-2.91)
P value <.001 0.128 <.001
%0R: odds ratio.

Predictors and M oder ator s of Tobacco Outcomes

Anayses of baseline sample characteristics as possible
predictors of repeated point preval ence abstinence reveal ed that
repeated point abstinence was more likely to be reported by
those who have higher levels of self-efficacy (self-confidence;
beta=.35; P<.001; OR 1.421, 95% CI 1.176-1.718) and less
likely for those with friends who smoke (beta=-.14; P=.030;
OR 0.868, 95% Cl 0.763-0.986). Only self-efficacy was
significantly associated with repeated point abstinence (beta=.33;
P=.001; OR 1.386, 95% Cl 1.145-1.677) in the multivariate
model. No significant interactions between intervention
condition and the predictor variables were found.

Text Message Delivery

The participants assigned to MobileQuit were sent a
considerable number of text messages (mean 278.51 texts,
median 295, SD 71.90, range 6-452). Sending fewer than 200
text messages was associated with 11.1% (70/633) of
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participants who opted out of recelving messages or who
withdrew from the study.

Participant Engagement (Use of Assigned Treatment)

The engagement metrics for all participants are presented in
Table 6. The MaobileQuit participants (n=633) visited their Web
app program an average of 5 times more frequently than did
QuitOnline participants (n=638): z=-20.33; P<.001. Among
the MobileQuit participants, 90.0% (570/633) visited multiple
times, 6.0% (38/633) visited once, and 4.0% (25/633) never
visited. Among the QuitOnline participants, 39.0% (249/638)
visited multiple times, 32.0% (204/638) visited once, and 29.0
(185/638) never visited. A different pattern emerged regarding
visit duration. Owing to the brief amount of content on
MobileQuit pages, 50% of visits to that program lasted <25
seconds. As a result, the QuitOnline participants spent
significantly moretime visiting their program website (z=—5.44;
P<.001).
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Table 6. Program visit engagement by condition for all participants (N=1271).

Type of analysis Mean (SD) Median
Overall number of program visits
QuitOnline program visits 2.32 (4.44) 1
MobileQuit program visits 15.92% (15.79) 11
Overall duration of program visits (min)
QuitOnline program visits 21.90 (35.42) 11
MobileQuit program visits 22 340 (30.46) 11

3Djfference in overall number of website visits between QuitOnline and MobileQuit: P=.001 (nonparametric Mann-Whitney U).
bDifference in overall duration of website visits between QuitOnline and MobileQuit: P<.001 (nonparametric Mann-Whitney U).

Table 7. Visitsto Web program by device type and condition.

Type of analysis

QuitOnline visits (n=438), n (%) MobileQuit visits (n=604), n (%)

Device used for visit
Nonmaobile devices

Desktop computer

Tablet

Other nonmobile
M obile devices

Smartphone

Feature phone

Other mobile device®
Total devices
Device recommended or not
Recommended
Not recommended

Total devices

500 (34.5) ° 25(03)
191 (13.2) 157 (1.6)
0(0) 856 (8.7)
607 (41.9) 7888 (80.0)
149 (10.3) 932 (9.5)
1(0.1) 1(0)

1448 (100) 9859 (100)
691 (47.7) 8821 (89.5)
757 (523) 1038 (10.5)
1448 (100) 9859 (100)

8Among the original total of 10,081 MobileQuit visits a device could not be measured in 38 instances and another 184 very short visits were associated
with arobot device. The remaining 9859 sessions described in thistable represent 97.8% of the original total of MobileQuit visits and 100% of QuitOnline

visits.

PText formatted in italics indicate devices classified as fitti ng the more broadly defined recommended group of devices for each treatment condition

(mobile vs nonmobile).

“Two visits were recorded—one for each condition—as having been made by a mobile device without any additional details. We listed these 2 episodes

in order to provide as comprehensive an account as possible.

The MobileQuit participantswereinstructed to use asmartphone
to visit their program whereas the QuitOnline participantswere
told to use a desktop computer or tablet. Table 7 describes the
devices participants used to visit their program according to the
ScientiaMobile WURFL validation tool [44,45], grouped as
mobile or nonmobile. Consistent with the MobileQuit’sbuilt-in
constraint, 89.45% (8820/9859) of the MobileQuit visits were
made using the intended mobile device (80% [ 7888/9859] used
a smartphone and 9.45% [932/9859] used a feature phone)
whereas 47.7% (691/1448) of QuitOnline visits used the

intended nonmobile device (X 12:1645.9; P<.001). Analyses of

within-participant usage patterns revealed that among the
MobileQuit participants, 76.0% (459/604) used only anintended
mobile device (primarily a smartphone) across all visits, 23%
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(139/604) used both mobile and nonmobile devices, and 0.1%
(6/604) used only a nonmobile device. Among the QuitOnline
participants, 31.3% (137/438) used only an intended nonmobile
device across al visits, 16.7% (73/438) used both mobile and
nonmobile devices, and 52.1% (228/438) used only a mobile
device (primarily a smartphone).

Usability, Helpfulness, and Satisfaction

At 3 months, both programs were described as being easy to
use: MobileQuit participants (n=283, mean 3.27, SD 1.04;
Somewhat easy=13.1%, Moderately easy=23.0%, and Extremely
easy=57.2%) and QuitOnline participants (n=235, mean 3.03,
SD 1.26; Somewhat easy=15.3%, Moderately easy=20.4%, and
Extremely easy=51.5%). Similar results were obtained for
program helpfulness. MobileQuit participants (=281, mean
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282, SD 1.20; Somewhat helpful=19.2%, Moderately
helpful=27.4%, and Extremely helpful=37.7%); QuitOnline
participants (n=234, mean 2.62, SD 1.36; Somewhat
helpful=20.1%, Moderately helpful=23.9%, and Extremely
hel pful=35.5%).

The MobileQuit participants reported that they read 84.5% of
the text messages they received (n=278, SD 24.6), that they
were satisfied with the number of texts received (n=281, mean
2.46, SD 1.36; Not enough=5%, Just the right number=56.6%,
Too many=33.1%, and No opinion=5.0%), and that receiving
text messages made it easier for them to quit smoking (n=281,
mean 2.46, SD 1.36; Somewhat=18.9%, Moderately=26.0%,
and Extremely=29.2%). Significantly more MobileQuit
participants (n=286; Yes=87%, No=5%, and Not sure=7%)
reported they would recommend their program to “friends or
family members who are interested in quitting smoking” than
QuitOnline participants (n=253; Yes=80%, No=6%, and Not
sure=14%): x*=6.6, P=.036.

Use of Other Tobacco Products, Quit Aids, and
Nonassigned Treatments

The participants in the 2 conditions reported very similar
patterns of using other tobacco products, quit aids, and
nonassigned quit smoking treatments. The most frequently listed
other tobacco products at the 3- and 6-month assessmentswere
Ecigs and Other. Among the MobileQuit participants, 15%
reported using Ecigs at 3 months and 13% at 6 months; 16%
reported using Other at 3 months and 12% at 6 months. Among
the QuitOnline participants, 16% reported using Ecigs at 3
months and 12% at 6 months; 19% reported using Other at 3
months and 19% at 6 months.

The most frequently listed quit aid at the 3- and 6-month
assessments was NRT. Among MobileQuit participants, NRT
use was reported by 27% of the participants at 3 months and
19% at 6 months. Prescription use was reported by 9% of the
participants at 3 months and 6% at 6 months, and Formal quit
smoking treatment use was reported by 4% of the participants
at 3 months and 3% at 6 months. Among the QuitOnline
participants, NRT use was reported by 21% at 3 months and
17% at 6 months. Prescription use was reported by 10% of the
participants at 3 months and 6% at 6 months, and Formal quit
smoking treatment use was reported by 5% at 3 months and 3%
at 6 months.

Discussion

Principal Findings

Overdll, the smoking cessation rates and absolute smoking
abstinence levelsfor the 2 well-matched (fully automated, best
practice content) smoking cessation programs were consi stent
with results reported in meta-analyses of other internet smoking
cessation interventions[10,11,16,49]. However, the MobileQuit
intervention for mobile devices was significantly more effective
in encouraging smoking cessation than the QuitOnline designed
for use on devices other than mobile devices. Specifically, ITT
results of the MobileQuit participants displayed significantly
greater smoking cessation than the QuitOnline participants at
all follow-up assessments: 20.7 vs 11.4% at 3 months, 24.6%
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vs 19.3% at 6 months, and 15.8% vs 8.8% at 3 and 6 months.
Similarly, Complete Case results significantly favored
MobileQuit at both 3 months (45.6% vs 28.4%) and the
combined 3- and 6-month assessments (40.5% vs 25.9%).
However, the advantage for MobileQuit (43.5% vs 34.4%) at
6 months did not reach significance.

The participantsin each condition found their treatment program
acceptable, both in terms of helpfulness (M obileQuit=84.3%;
QuitOnline=79.5%) and ease of use (MobileQuit=87.2%;
QuitOnline=93.3%). The small between-condition differences
in helpfulness and ease of use did not reach significance.
Significantly more participantsin MobileQuit thanin QuitOnline
(87.4% vs 79.8%) reported they would recommend the program
to their friends/family interested in quitting.

There were 2 striking differences in usage pattern between the
2 intervention groups. First, not surprisingly, because the
intervention included a built-in validation tool designed to try
to constrain its use to smartphones, almost all MobileQuit visits
occurred using that recommended device. In marked contrast,
visits to the QuitOnline program—which did not constrain
devicetype—showed considerable variability in being accessed
using recommended as well as nonrecommended devices
(including smartphones and other mobile devices).

Second, the MobileQuit participants visited their program
website an average of 5 times more often than the QuitOnline
participants. Stated differently, the MobileQuit intervention was
used more frequently but in smaller doses/shorter visits
compared with the QuitOnline intervention.

Limitations

Thereare several limitations of this study that are worth noting.
First, self-reported smoking abstinence was not validated by
biochemical measures. However, most published tobacco
cessation programs rely on self-reported data, and Glasgow et
al [50] as well as the Society for Research on Nicotine and
Tobacco (SRNT) Subcommittee on Biochemical Verification
[51] has recommended that biochemical validation need not be
required when a study’s self-help design makes it impractical,
when demand characteristics are not likely to differentialy
affect reports by condition, or when accurate estimates of
tobacco use can be obtained using multiple self-reported
measures.

The participants in this study were an average age of 45 years
and 78% were female. Although this profile is similar to
participant characteristics reported in a number of other
internet-based smoking cessation studies [5,10,52,53], our
observed results may not generalize to younger smokers. As
participants in this study agreed to be assigned to either of the
internet-based smoking cessation interventions, it isa so possible
that our study results may not generalizeto smokerswhowould
have preferred to use only a smartphone-delivered intervention
or, aternatively, only an internet intervention that did not use
a smartphone. The study design that yoked users to particular
types of computer devices (eg, smartphones for MobileQuit
participants) may have been less convenient and possibly
resulted in lower engagement and efficacy, compared with using
responsive design technology that would have enabled either
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of the interventions to be used interchangeably on any
internet-accessible computer device (desktop, laptop, tablet,
and smartphone) [23].

There was also substantial assessment attrition at follow-up
which, athough consistent with results reported by other
smoking cessation studies[10], was somewhat greater than has
been reported for mobile smoking cessation interventions[16].
We al so observed that 29% of the QuitOnline participants never
visited their assigned program (an extreme case of nonusage
attrition, [54]) compared with only 4% of the MobileQuit
participantswho did not visit. It isalso helpful to consider these
findings from the perspective of other published results. For
example, QuitOnline's 29% nonvisit rate is similar to the 20%
to 25% nonvisit rate results reported by Cobb and Graham [55]
for 2005 participants in a smoking cessation randomized
controlled trial (RCT). This difference is also consistent with
our expectation that the push or proactive outreach of
MobileQuit’s text messages would encourage relatively more
participant engagement. Moreover, by providing time-limited
access to its Major Topics content, the MaobileQuit program
may have increased its perceived value of the program (the
scarcity principle) to itsusers. The program’stunnel design also
paced program content so that it was better synchronized with
the phases of quitting, which may have encouraged involvement
and sustained interest.

Strengths

Thistria isoneof therdatively few large-scale (N=1271) RCTs
examining the efficacy of smartphone-delivered smoking
cessation intervention. The interventions were designed to
reliably and unobtrusively track the device used to access the
program as well as the frequency and duration of each
participant’s contact. Thus, the trial represents a rare instance
of both describing the devices that participants used to access
theinternet intervention and comparing the usage pattern across
device type. The use of a browser-based Web app for
MobileQuit enabled us to avoid having to create 2 altogether
different native apps (one for iOS devices [iPhones and iPads]
and another for Android devices [smartphones and tablets]), to
avoid the review and delay associated with distributing native
apps via official company app stores [23], and to set the stage

Danaher et d

for aresponsive design that would be usable across all devices
and their operating systems. These benefits combined with the
emergence of the more sophisticated progressive Web app [56]
are encouraging more widespread use of the Web app design
approach. Astext messagesareincreasingly being delivered on
nonmobile devices, aWeb app plustext messaging intervention
can be delivered across all devices.

Future Directions

Although the absolute proportion of smokers who quit in this
study was encouraging, additional research is warranted that
examines how to encourage even more widespread smoking
abstinence. This design did not permit a direct analysis of the
individual and combined features of the 2 conditions. For
example, impact of device type and use of text messaging on
long-term smoking abstinence could be examined using a
completely crossed 2x2 design (smartphone vs not smartphone
and app + text messaging vs app only). It would also be helpful
to examine the likely contributions of other factors that were
not examined directly in our RCT (eg, tunnel vs hybrid
matrix-hierarchical information architecture). In al instances,
research should assess the devices and the usage patterns that
participants follow to access their internet interventions.

Conclusions

Despitethefact that this study did not pinpoint the exact design
feature(s) that explain the increased efficacy of MobileQuit over
QuitOnline, the study nonetheless provides evidence for the
benefit of optimizing an intervention design for smartphones
and other mobile devices over ausual careinternet intervention
designed primarily for use on nonmobile devices such as
desktops, laptops, or tablets. Our study also helpsto underscore
that participants will use multiple devices (what Google
describes as sequential screening [22]) irrespective of
recommendations to do otherwise. As a result, we assert that
future internet interventions should be designed for use on all
of the devicesthat users prefer to accesstheinternet. Essentially,
intheincreasingly multiscreen world, the approach of designing
internet interventions for mobile vs nonmobile devices will be
replaced by responsive-designed programs that share user data
across devices and embody pervasive information architecture
[22,23,57,58].
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Abstract

Background: Mobile appsgenerate vast amounts of user data. In the mobile health (mHealth) domain, researchersareincreasingly
discovering the opportunities of log data to assess the usage of their mobile apps. To date, however, the analysis of these dataare
often limited to descriptive statistics. Using data mining techniques, log data can offer significantly deeper insights.

Objective: The purpose of this study was to assess how Markov Chain and sequence clustering analysis can be used to find
meaningful usage patterns of mHealth apps.

Methods: Using the data of a 25-day field trial (n=22) of the Start2Cycle app, an app developed to encourage recreational
cycling in adults, a transition matrix between the different pages of the app was composed. From this matrix, a Markov Chain
was constructed, enabling intuitive user behavior analysis.

Results: Through visual inspection of the transitions, 3 types of app use could be distinguished (route tracking, gamification,
and bug reporting). Markov Chain—based sequence clustering was subsequently used to demonstrate how clusters of session types
can otherwise be obtained.

Conclusions. Using Markov Chainsto assessin-app navigation presents asound method to evaluate use of mHealth interventions.
Theinsights can be used to evaluate app use and improve user experience.

(J Med Internet Res 2019;21(6):€11934) doi:10.2196/11934

KEYWORDS
eHealth; mHealth; Markov Chain; log data; data analytics

: At the same time, mobile phone technology is reaching
Introduction significant adoption and penetration rates in both developed
Background and developing countries [2]. This offers an excellent platform

to reach a large audience with health-oriented mobile phone
apps. Most mobile phones contain sensors that afford
measurement of parameters similar to those measured by
wearables, including accelerometer and global positioning
system.

The devel opment of wearabletechnology, particularly in health
care, medical, and fitness contexts, provides peoplewith devices
that give detailed information about various aspects of their
health, for example, by registering users’ daily physical activity
in terms of step counts, calories, or by providing detailed

information about exercise pararneters [1] Mobile health (mHeaIth) apps are increas ngly available to
people worldwide. Over 318,000 mHealth apps are estimated
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to be available in app stores around the world [3]. These apps
target various conditions and behaviors including nutrition,
smoking cessation, mental conditions, diabetes, and physical
activity [4-6]. However, although mHealth apps can empower
people to take their health more into their own hands [7,8],
research indicates that the uptake of these apps does not
necessarily result in sustained usage [9,10]. In digital behavior
change interventions (DBCIs), which use mHealth apps to
promote health behavior, this lack of engagement with the
technology and intervention too often results in high levels of
dropout [11,12].

Engagement with DBCIs can be considered from different
perspectives. Perski et a [12] define engagement both in terms
of a subjective experience and a behavior. The first considers
engagement as the user's subjective experience with the
technology, with quality of experience, immersion, usability,
and enjoyment as the main determinants of active and frequent
usage, whereas the latter takes more objective parameters into
account such asfrequency and duration of use or use of specific
content of the intervention. Yardley et a [11] distinguish
between micro and macro levels of engagement, with
microengagement referring to specific interaction with the
technology and macro levels of engagement considering the
engagement with technol ogy within the overall aim of the DBCI
to encourage behavior change. This study focuses specifically
onthismicro level of the engagement with the Start2Cycle app,
developed to promote recreationa cycling. Therefore, it was
decided to only analyze the log data of the app and not take any
cycling outcome data of the participants into account.
Furthermore, asthe field trial in which the app was tested was
a usability test rather than a full randomized controlled trial,
using the outcome data could be mideading in terms of
effectiveness.

Measuring engagement with DBCIs receives ample attention.
To date however, no consistent or standardized methodology
to quantify and measure participant engagement in DBCls is
available [11]. In addition to self-report-based questionnaires
distributed after usage of the app, the analysis of log data
(anonymous records of real-time actions performed by each
user) has been suggested as an opportunity to study actual usage
of apps both in the development phase and when the final
version has been launched [13] and to tailor interventions[14].
In human-computer interaction research, data mining and
machine learning techniques are frequently used for various
purposes such asfinding user activity patternsin apps and games
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[15-17], user segmentation [18], and app development [19]. In
mHealth research, however, analysis of log data remains often
limited to descriptive analysis in terms of number of visits,
length of visits, and page views. Although these statistics offer
an initial insight into when and how often participants use
mHealth apps, they do not provide us with more profound
insights on how participants are using them. This information
is essential to the development of mHealth interventions and
the attainment of their anticipated health effects. Limited
research applies more detailed analysis of log data of electronic
health apps. Arden-Close [20], for example, used sequence
clustering to develop a visualization tool to monitor the use of
a Web-based weight management intervention. Furthermore,
Miller et al [21] present aframework for analyzing engagement
dataof health interventions, including suggestionsfor analyzing
log data.

Objectives

This study partly builds on these insights by adding Markov
Chain analysis to the toolkit for analyzing log data of mHealth
interventions. In multimediaresearch contexts, Markov Chains
have been frequently used to study Web page navigation
[22-24]. In these analyses, Markov Chains are used to model a
trail, that is, an order of Web page views by 1 user within a
Web-use session. This study aims to be a methodological
exampl e of how this thinking was applied to in-app navigation
such that the Markov Chains model the order of page views
made by a user within an mHealth app. This provides insight
into how the app is used, that is, which types of usage sessions
can be identified and if user sessions can be clustered into
distinct groups.

Methods

This section detail s the content of the Start2Cycle app, the setup
of the field tria in which the app was tested, and the methods
applied to the app log data.

The Start2Cycle App

The Sart2Cycle app was developed to promote recreational
cycling in adult populations. The app was designed for both
novice and experienced cyclists. It was developed by the
Flemish public broadcaster Vlaamse Radio- en
Televisieomroeporganisatie, Ghent University, and Vrije
Universiteit Brussel and was available for both Android and
iPhone operating system devices.
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Figure 1. Screenshots of the Start2Cycle app pages.
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The app, depicted in Figure 1, has a starting page called the
Coach. Through this page, 2 researchers provided additional
cycling-related content to the app during the field trial by
postings polls, news messages, route suggestions, pictures, and
movies. Push notifications notified users of new posts. Users
could ask questions to the coach. Beyond the starting page, the
app had 2 corefunctionalities: (1) Self-monitoring and feedback
on cycling behavior and (2) Rewards and social competition.
The latter can be classified as gamification features. The
self-monitoring features of the app enable the usersto log their
cycling activities (Track page) and afterwards see the route they
took (Route page). They were also provided with a page that
listsall of the routesthey had taken since they started using the
app (Routes page). Gamification and social features are assumed
to have potential to create more engagement with an app and
potentially longer lasting behavior change effects [25,26].
Therefore, gamification and social competition and cooperation
wereincluded in the app. Users could, for example, collect short
videos starring awell-known Flemish sportsjournalist providing
motivational or informational content about cycling on the
Trophies page. These videoswere unlocked at certain milestones
in the cycling progress of the participant, for example, after his
or her first ride and at 25 cycled kilometers. Furthermore, the
participants were randomly assigned to 1 of 2 groups (team A
and team B), and acompetition was set up between the 2 groups.
The group with the highest distance cycled (in kilometers) at
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the end of the trial won the competition. The participants could
monitor the performance of their group in comparison to the
other on the Competition page and theindividual performances
within their group on the Team page of the app. By combining
both cooperation among group members and competition
between the groups, it was aimed to make the app appealing to
both competitive and noncompetitive participants [27,28].

Finally, there was a Personal page on which the participants
could change their settings, enter or change their screen name,
and report errors.

Field Trial

A 25-day field tria of a prototype version of the Sart2Cycle
app, with primarily a usability testing purpose, was set up with
22 participants in Flanders, Belgium in September 2017. The
participants were recruited from agroup of peoplethat registered
for a 1-week cycling holiday that started at the end of the field
trial. Noinclusion criteriawere set. Anyonejoining the cycling
holiday could participatein thetrial. Participants were asked to
log every cycling activity during the 25 days preceding the
cycling holiday. The project was approved by the institutional
review board, and informed consent was obtained from the
participants.

Every action the participants performed in the Sart2Cycle app
was logged. More specifically, per user, each action (or click)
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was logged, along with the time stamp. No session identifier
(ID) was collected. Consequently, sessions were identified by
grouping actions of a user together, between which no longer
than 30 min of inactivity occurred. Using this heuristic, 824
sessions were identified. At the end of thefield trial, an online
guestionnaire was sent to the users to evaluate the use of the
app in terms of perceived usefulness, ease of use, motivational
potential, enjoyment, and informativeness. The evaluation was
conducted using 7-point Likert scales ranging from 1=Totally
disagree to 7=Totally agree.

Markov Chain Analysis

The log data of the Start2Cycle app were analyzed by means
of Markov Chain analysis. Markov Chains are a sound method
to model stochastic processes and have aready been successfully
adopted in a wide spectrum of applications ranging from
auto-completion while typing [25] to the world-renowned
ranking algorithm of the Google search engine [29]. They are
defined by a state space S, atransition matrix P, and optionally
aninitial state distribution Tt In the case of this study, we have
a discrete state space, defined by the n different pages in the
mobile app (S={sy,..., S,} ). Moreover, we assume the Markov
Chain to be of order 1. In other words, we assume that the
probability to transition to a next state depends only on the
current state and not on the history of previous states.

To create aMarkov Chain, atransition matrix P, in which each
element on row i and column j (p;;) indicates the probability
that a user moves from page s; to page s, must be constructed.
This transition matrix can be constructed from raw data logs
containing a time stamp, session identifier, and the performed
clicks (source and destination). The session identifier isoptional
and can be calculated using a heuristic based on the user
identifier and time stamp of each data log. The number of
transitions 5 — § can then be counted to form a matrix M.
Afterwards, the valuesin M are normalized such that each row
sumsto 1toresultin P.

Furthermore, a surrogate exit-state s,,; to which a user
transitions when he leaves the app (exit page) was created. The
initial state distribution Ttcan be estimated by counting thefirst
visited state of every session.

Sequence Clustering

When the number of pages in an app becomes large, manual
interpretation of the visualized Markov Chain can become
cumbersome. An advantage of having a Markov Chain as
underlying data structure of the visualization is that various
automated analyses are possible. These can be used to
automatically extract insights or to confirm the findings of a
researcher. Clustering of different sequences (or trails of user
actions) is 1 such analysis [30,31]. To do this, an
expectation-maximization agorithm [32] can be applied, which
builds arepresentative Markov Chain per cluster in an iterative
fashion until convergence is reached.

Given a collection of sequences C, in which each element is
represented by a trail of user actions ({Sy,..., Sy--y Seat, With
S+ the exit-state), we apply the following steps:
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1. Determine the number of clusters: K

2. Assign each sequence in C to arandom cluster ¢; with i
{1,..,K}

3. For each ¢;, construct aMarkov Chain or transition matrix
(P;) based on its assigned sequences.

For each sequence in C, calculate the likelihood L(E, G)
that the sequence is generated by each Markov Chain by
multiplying the probabilities of the different transitions (eg,
L({So S3 S1» Sheads C=Pog* P31™ Pinea)- Then assign the
sequence to the cluster with the maximal likelihood:
argmaxi(L(E, G))-

5. Reconstruct each Markov Chain, based on the assigned
seguences and repeat steps 4 and 5 until convergence. To
check convergence, the assignment of sequencesto clusters

can be compared with the assignment of the previous
iteration.

The output of this algorithm is a mapping from each sequence
toacluster ¢; and K different Markov Chainsthat represent each
cluster. These Markov Chains can be used to classify new
unseen sequences of actions.

Web-Based Visualization Tool

To ensure a more intuitive interpretation of such results for
researchers, interactive visualizations of the results can be
created. For this study, such an interactive visualization was
developed using D3.js [33], a javascript library, and can thus
be displayed in a Web browser. The tool offers both static and
interactive visualization to the researcher, which afford
adaptation of the visualization interms of (1) adlider that defines
athreshold for aminimum value the corresponding probability
of an edge must have to be displayed, (2) enabling and disabling
certain pages or nodes and corresponding edges from the
visualization, and (3) the ability to drag nodes around to create
a nice structured topology. Moreover, simulations of user
sessions, based on the provided data, can be performed, and the
results of the sequence clustering can be inspected.

Results

Thissection detailsthe results of the analysis. First, an overview
of the sample is given followed by the results of the Markov
Chain and sequence clustering analyses.

Descriptive Statistics

The app wastested by 22 participants, 18 of which (82%) were
male and 12 of which (55%) had a higher education. The
evaluation survey, distributed at the end of the field trial, was
completed by 16 users (73%). The mean age was 50 years (SD
11.17). Survey results indicated that the app was positively
evaluated by the participants. It was considered to be fairly
useful (mean 4.63, SD 1.15), easy to use (mean 4.50, SD 1.46),
and fun (mean 4.38, SD 1.31). Usersrated the app as somewhat
motivating (mean 4.25, SD 1.39). The app was scored lower in
terms of informativeness (mean 4.06, SD 1.18).

JMed Internet Res 2019 | vol. 21 | iss. 6 [e11934 | p.110
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Start2Cycle app page views.
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Page Views (absolute), n Views (relative), %
Coach 1159 26.9
Competition 578 134
Route 547 12.7
Team 539 125
Routes 529 12.3
Track 507 118
Personal 268 6.2
Trophies 119 2.8
Bug report 58 13
Total 4304 100

After data cleaning, the log data showed that the participants
averaged 37 app use sessions (SD 29.35), with an average of 5
actions (SD 5.86) per session during the field trial. The high
SDsindicate substantial variability in activity logging between
the participants.

Table 1 depicts the number of views per app page during the
field trial. It is clear that the Coach page was visited the most,
although it hasto be noted that thiswasthe default starting page
for a session. The table further demonstrates that the
gamification features on both the Competition and Team page
were frequently viewed, as well as the route tracking features
(Track, Route, and Routes pages). This is straightforward, as
without userstracking routes, no gamification could be enabled.
The Personal and Trophies page were not often frequented by
the users. The same applies for the Bug report page.

Markov Chain Analysis

Table 2 demonstrates the transition matrix of the Markov Chain,
and Figure 2 visualizes the transitions between the app pages.

Not all transitions are displayed in Figure 2. A cut-off of a0.13
probability was used to improve readability. For the Trophies
and Personal page, the highest incoming probability is aso
displayed to improve readability and logic of the visualization.
Without these incoming probabilities, the pages would be
visually isolated in the figure as all incoming edges have a
probability lower than 0.13.

Figure 2 demonstrates that the majority of the sessions (76.9%,
634/824) start from the Coach page, which was intended by
design. The Coach page, thus, served as the point from which
most of the users started actions from in the app (yellow lines
in Figure 2) and returned to before exiting the app. The
remaining 23.1% (190/824) of sessions start from other pages
than the Coach page. This is because of users not exiting the
app (eg, switching to another app) and then reopening the app
on the same page they left off, most often the Track and
Competition page.

Table 2. Transition matrix (probability of transitioning from page A [row] to B [column]). Rows sum up to 1.

Trophies Bug report  Coach Competition  Persona Route Routes Team Track Exit
Trophies _a — 0.24 011 0.04 — 0.08 0.12 0.08 0.32
Bugreport — — 0.12 0.09 0.29 — 0.05 0.12 0.22 0.10
Coach 0.03 — — 0.23 0.09 0.00 0.04 0.20 0.20 0.22
Competition 0.05 — 0.31 — 0.05 0.01 0.09 0.24 0.05 0.21
Personal — 0.21 0.28 0.04 — 0.00 0.08 0.13 0.09 0.17
Route — — 0.13 — 0.04 — 0.52 0.01 0.19 0.11
Routes 0.06 — 0.07 0.03 0.03 0.66 — 0.05 0.04 0.07
Team 0.04 — 0.11 0.38 0.08 0.00 0.11 — 0.06 0.22
Track 0.01 — 0.13 0.03 0.05 0.30 0.07 0.12 — 0.29
Exit — — — — — — — — — —

8o transitions occurred between the two corresponding app pages.
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Figure 2. Start2Cycle navigation visualization.
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Visual inspection of the transitions between the different app
pages roughly exposes 3 Sart2Cycle app session types. A first
session type can be labeled a gamification session (orange
striped lines). After launching the app, users would then go
from the Coach page to either the Competition page, to see
whether or not their team is till ahead of the other in terms of
cycled kilometers (23%) or check how they are ranked within
their own team (on the Team page, 20%). Switching between
these 2 pages is a likely next action. These sessions are often
followed by a return to the Coach page, particularly from the
Competition page (31%), or the app session is ended.

Second, a route tracking session can be distinguished (blue
striped lines in Figure 2). In such a session, a user would start
the app with the intention of logging a cycling activity. There
is a 20% probability that a user would start the app with this
action in mind from the Coach page. After tracking a route,
thereisahigh probability that the user will check the route they
rode (on the Route page) or other routes they have previously
cycled (on the Routes page) and switch back and forth between
these 2 pages. Eventualy, the user is likely return to the Coach
page (13%) and leave his session or perform new actions from
there. The app is often left from the Track page (29%). Thisis
likely because of the fact that an inactivity of longer than 30
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min occurred because of cycling or because of errorsin route
tracking in the early phases of thetrial (aknown problem of the
app), which prompted the user to leave the app. As could be
derived from the limited number of page views displayed in
Table 1, the Trophies page (grey striped lines), where a user
could check whether he or she unlocked anew video in the app,
has very limited incoming transitions, the highest being an
incoming transition from the Routes page. After checking the
Trophies page, there is a high probability the user will either
leave the app (32%) or proceed to the Coach page (24%).

The last session type is labeled a bug report session (green
dotted lines). These sessions were not as frequent as there is
only a9% probability that a user would go from the Coach page
to his personal page and subsequently report an error or
malfunction in the app. When reporting these tracking errors,
usersoftenimmediately switched to the Track page, most likely
for anew attempt to track their activity.

Sequence Clustering

Although 3 types of user sessionswereidentified through visual
inspection, the actual sequences in the data are more complex.
As an example, a session could be considered aroute tracking
session when use of the Track page and consequent use of, for
example, the Route and Routes page occurs, but in readlity, a
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user islikely to use gamification features or the coach multiple
timesin the same sessions. Neverthel ess, applying the sequence
clustering algorithm with varying K clusters, distinct clusters
containing specific session types, could be observed. Theresults
of the algorithm are an assignment of each sequence (or user’'s
session) to 1 of K clusters and first-order Markov Chains, 1 for
each cluster. Figure 3 displays the assignment of the sessions
in K=8 clusters.

Only sequences with a length between 2 and 20 actions are
depicted in the figure to avoid cluttering. Each row in the
visualization in Figure 3 corresponds to a session, and each cell

Figure 3. Visualization of sequence clustering.
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in the row corresponds to a certain action made by the user.
Although there is an overlap between clusters, particularly for
longer sessions with avarying number of different actions, the
tails of the clusters consist of shorter sessions with clear
purposes. Cluster 7 shows clear abstraction of gamification
sessions. These sessionsaretypically short and consist of auser
opening the app, checking the leaderboards, and exiting the app.
Furthermore, cluster 6 makes a distinct grouping of presumed
erroneous route tracking sessions consisting of the sequence
Coach-Track-Exit. Clusters 2 and 4, on the other hand,
distinctively contain more sequencesinvolving checking of the
Route and Routes pages.

Cluster 5 Cluster 6 Cluster 7 Cluster 8
L 1 2
renr  REpE TR
[ e e
b 2|

---.-i|||i

=

e

JMed Internet Res 2019 | vol. 21 | iss. 6 [€11934 | p.113
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 4. Screenshot of the visualization tool.
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Web-Based Visualization Tool

Figure 4 presents a screenshot of the visuaization and smulation
tool that was developed to allow researchers to dynamically
explore the Sart2Cycle data. In the tool, researchers can drag
around sel ected nodes, exploretransitionsfrom given probability
cut-offs, and run simulated paths through the Start2Cycle app.

Discussion

Principal Findings

The purpose of this study was to demonstrate how data mining
can be applied to evaluate the development of mHealth apps.
It is clear that by performing a Markov Chain analysis on the
log data of the Start2Cycle app, it was possible to identify
different types of user sessions, to assess the popular features
of the app, and cluster frequently occurring app usage patterns.

In the light of further development of the app, this type of
analysishas provided insights that may not have been discerned
using traditional methods such as usability tests, evaluation
surveys, or expert reviews, particularly when dealing with apps
with a high number of app pages. Briefly stated, using Markov
Chains affords mHealth developers and researchers to assess
whether the use of, and the navigation in their app, happens as
they envisioned it. In our analysis, 2 distinct types of app usage
sessions could be identified, which aligned with the envisioned
use of the app: a gamification session and a route tracking
session. Evidently, the Sart2Cycle app is not excessively
complex, so use of the app could be expected to be
straightforward. However, thiswas not entirely the case.
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It was clear that the gamification featuresinvolving competition
and cooperation within and between teams included in the app
were appealing to the users, which was expected based on the
review of literature on gamification [34,35]. Users often checked
these gamification pages and navigated smoothly from one to
another, which could be derived from the transition probabilities
calculated inthe Markov Chain analysis. On the other hand, the
trophies concept was clearly less appreciated despite being
easily accessible through the navigation menu. The Markov
Chain analysis showed littleincoming navigation to the Trophies
page. It appears that the concept behind this feature should be
improved to make it more appealing. Anecdotal conversations
with some of the respondents revealed that the video content
did not appeal to the users, and more tangible trophies (eg,
coupons, water bottles, or cycling jerseys) or virtual badges
were preferred. Previous research on the effectiveness of badges
has demonstrated mixed results[36]. Further researchisrequired
to assessthe effectivenessin the particul ar context of this study.

Furthermore, Markov Chain-based sequence clustering
demonstrated how similar sequences of actions can be grouped
together in clusters. This method becomes particularly
i nteresting when apps contain significantly more pagesthan the
Sart2Cycle app used in this study, and interpretation from
meatrices and visuaizationsisless straightforward. Furthermore,
by using this technique, a participant’s app use profile can
automatically be determined based on the types of sessions
performed throughout the use of the app. The user interface of
the app, for example, could then be tailored specificaly to this
profile.

The application of Markov Chains is only 1 method within a
broader range of methods in the context of data mining. The
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vast amounts of data generated by mHealth apps and games are
still largely unexplored. This study aimed to illustrate the
potential of 1 method to generate useful insights from log data
that can foster further and improved development of mHealth
apps and games. Data mining can advance behavior change
research by uncovering usage patterns and insights that could
not be uncovered through traditional methods.

Limitations

Some limitations of this study should be noted. Theaim wasto
demonstrate how data mining, Markov Chain anaysis in
particular, can be applied in the development of mHealth apps.
The data used in this study originate from a field trial with
primarily usability testing purposes. Therefore, certain properties
of the sample may influence how the app was used. For example,
although the app is designed to motivate adults to start cycling
or to cycle more often, some of the participants in this study
were already highly involved in active cycling. It was opted to
work with active cyclists to ensure that sufficient (activity) log
datawould be generated during thefield trial. Thisimpliesthat
the sample used in this study is presumably not representative
of a population that would typically be asked to use the app.
However, asthe purpose of this study isprimarily to demonstrate
the potential of Markov Chain analysis in the development of
mHealth apps, the characteristics of the sample can be
considered somewhat less important.

Second, it was chosen to use first-order Markov Chains, which
assume that the probability of moving to a next state depends
only on the current state (and thus not on previous states). This
benefits the intuitiveness and simplicity of our analysis. A
first-order Markov Chain does not change, although the
representation of a higher-order Markov Chain would have to
be conditioned on the previous transitions. Clearly, this would
make the proposed visualization much less comprehensible.
Furthermore, asubstantial amount of datais needed to construct
aMarkov Chain of order m>1 that is a good representation of
the global user behavior. If the chosen mistoo high, given the
number of samples, then most history state sequences of length
m do not occur in the data, or only occur infrequently, which
causes the transition matrix, conditioned on that history
sequence, to be constructed from insufficient data.

Finally, the user sessions used in the analyses were obtained
using a heuristic based on time between actions in the app.
Better would have been to collect asession | D along with every
user session. This was overlooked in the design of the app and
the study. Therefore, cut-offs between session may not be
entirely accurate. It is recommended for future studies that
session | Ds are collected along with the data.

Future Research

Further research should build on the insights of this study and
explore how datamining can help toimprove mHealth behavior
change research. Other data mining techniques are available,
and studiesusing machinelearning algorithms, that is, predictive
modeling, are strongly encouraged asthese could help predicting
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user actions in the app using different input variables such as
user profile variables or placement of different elements on a
page. If an accurate model of app usage can be constructed,
then the parameters (such as the placement of an element) can
be manipulated to maximize the probability that a user takes a
certain action. Furthermore, identified usage patterns could also
help predicting user attrition and consequently allow an app to
take appropriate actions. For example, detecting that a user is
likely to drop out of an intervention by his usage pattern can
trigger an app to engage the user again at an appropriate
moment. However, such analyseswould require alarger number
of participantsto be monitored for an extensive amount of time
to detect whether or not they drop out. Moreover, user attrition
does not necessarily imply that the participant failed to adopt a
healthier lifestyle. It may well be that he or she has no need for
an app to support behavior change any longer. In this study,
data from 22 participants was used and was sufficient for
obtaining insightful results. We recommend higher sample sizes,
however.

It should be noted that evidently thereisalimit to what can be
learned through automated analyses. Additiona use of
traditional quantitative and qualitative techniques such as
surveys and interviews will yield a more complete picture of
how the user evaluates the app. In this study, routes were often
not tracked at all, the tracking screen froze, al data were lost,
or the tracking was fine but the kilometers were not added to
the total team score, which could be frustrating to competitive
users. Reports of such bugs are best detected using evaluation
surveys. Furthermore, correct data selection and cleaning can
be a time-consuming and difficult undertaking, and a health
researcher may not always be trained to do this.

Conclusions

This study demonstrated the potential of data mining in
development and evaluation of mHeath apps. Results
demonstrate how health researchers and devel opersin the field
of mHealth can use and learn from new data analysis methods
originating from thefield of datamining. Our study shows how
usage patterns of mHealth apps can be revealed and provide
new insights to how interventions are used. As such, these
insights can lead to further improvement of mHealth
interventions and consequently improve their effectiveness.

A pleafor interdisciplinary research and collaboration with data
scientists is therefore required. In this regard, development of
visualization and simulation tools that make data mining
methods and results more accessible to researchers and
devel operswith limited datamining skillsis highly encouraged.

Availability of Data and Materials

All experiments and calculations in this study were performed
using Python 3. All dataand code to reproduce the experiments
performed in this study, or to create the proposed visualization
based on your app logs, can be found on our GitHub page
[37,38] under an open license for noncommercial use.
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Abstract

Background: Anincreasing number of people consult physicians because of distressing information found online. Cyberchondria
refers to the phenomenon of health anxiety because of online health information.

Objective: This study aimed to examine online health research of individuals with and without symptoms of hypochondria and
their impact on health anxiety aswell as behavior.

Methods: An online survey was conducted. Demographic data, health-related internet use, and general health behavior were
assessed. Theillness attitude scale was used to record symptoms of hypochondria.

Results: The final sample consisted of N=471 participants. More than 40% (188/471) of participants showed at least some
symptoms of hypochondria. Participants with symptoms of hypochondria used the internet more frequently for health-related
purposes and also frequented more online services than individuals without symptoms. Most online health services were rated
as more reliable by individuals with symptoms of hypochondria. Changes to behavior such as doctor hopping or ordering
nonprescribed medicine online were considered more likely by individuals with symptoms of hypochondria.

Conclusions: Results show that individuals with symptoms of hypochondria do not turn to online research as aresult of lacking

alternatives but rather consult health services on- as well as offline.

(J Med Internet Res 2019;21(6):€10980) doi:10.2196/10980

KEYWORDS
hypochondria; eHealth; anxiety; survey

Introduction

Background

Currently, the internet provides an enormous amount of
information about a range of health topics. According to a
representative study with N=2411 participants [1], 63.5% of
German internet usersrely on theinternet as aguide concerning
health-related issues. In addition to traditional media such as
television, radio, and print, theinternet has become an important
source of information related to health i ssues. Information found
online does not affect personal health behavior as much as a
doctor’s or family member’s recommendation; however, their
importance is comparable with the influence of a pharmacist
[1]. According to a US representative telephone survey [2], 86%
of online health users reported that online research had

https://www.jmir.org/2019/6/€10980/

successfully met their information needs and also regarded the
information found as reliable.

Online health research may lead to positive and preventative
activities such as exercise, healthier eating habits, improved
adherence to medication, and empowered health decisions [3].
However, these possibilities present a problem when used as
diagnostic tools by laypersons [4]. As the internet provides
access to a large body of information, it is a crude means of
self-diagnosis. For example, multiple medical possibilities are
typically presented in response to internet searches of medical
concerns [5]. Therefore, searching for medical information on
the internet has the potential to lead to even greater levels of
uncertainty and consequently exacerbate health anxiety for
vulnerable individuals. This might aggravate already existing
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worries about being sick with a certain disease for patients
suffering from hypochondria.

Definition
Hypochondriais a debilitating disorder that occurs in about 1
to 5% of people once in a lifetime [6]. The Diagnostic and

Statistical Manual of Mental Disorders (DSM), 4th edition (Text
Revision) defines this disorder as a somatoform disorder [7].

The newly published DSM 5™ edition replaces the diagnosis of
hypochondriawith the diagnoses of somatic symptom disorder
and illness anxiety disorder [8]. Hypochondria refers to a
persistent preoccupation with, or fears about the possibility of
having or developing 1 or more serious progressive or
life-threatening diseases. The preoccupation is associated with
ahypervigilanceto and catastrophic misinterpretation of bodily
signs or symptoms including normal sensations and is
accompanied by avoidance or repetitive behaviors. Minor
symptomsarethusinterpreted as evidence of suspected diseases,
and concerns persist despite reassurance by physicians [7,9].
Disease conviction can be maintained by repetitive symptom-
checking or reassurance seeking including activities on the
internet: retrieving medical information or entering self-observed
symptoms into online diagnostic systems. In addition, sharing
information online with other affected people may be an attempt
to get rid of unpleasant thoughts and feelings concerning their
own state of health.

This more recent phenomenon has been referred to as
cyberchondria [10]. Cyberchondria has been defined as an
excessive search on the internet for health-related information,
which is driven by an underlying need to ease anxiety, but
subsequently results in symptoms worsening [11]. It isaform
of reassurance-seeking behavior. Instead of obtaining support
viaonlineinteractionswith similarly worried individuals, those
with cyberchondria experience their health anxiety as
exacerbated, mainly because of new pathologies found online
that might trigger new worries [2]. Although current research
already declared the phenomenon of cyberchondriaas adistinct
clinical disorder [10], the prevailing view isthat cyberchondria
is part of hypochondrialhealth anxiety. Unfortunately, little
research has been conducted in this area. There have only been
few elaborate studies on internet use and health fears to date.

Available Research

A survey of over 500 respondents by White and Horvitz [10]
found that more than 60% of participants repeatedly searched
for a specific health concern in multiple online sessions. In a
further analysis of thousands of online interaction logs, it was
found that over an 11-month period, 13.5% of study participants
entered the exact same health-related termsinto asearch engine
on morethan 1 occasion[10]. Starcevic and Berle[11] suggested
that these excessive searches only serve to reinforce aperson’s
origina anxiety. Over athird of the sample (n=198, 38.4%) said
they experienced an increase in anxiety following an online
search for health information. The majority (n=365, 70.7%) of
participants in this study believed that the fear was caused by
the content of websites visited as part of their research efforts;
that is, navigation escalation. A total of 7 out of 10 respondents
were still researching serious illnesses for weeks and months
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after aconducted search, suggesting that these escalated search
sessions had alasting impact.

Aside from causing unwarranted levels of worry and distress,
there may also be economic costs to cyberchondria[12]. Even
though no studies have examined the costs directly associated
to online health searchesto thisdate, thereis evidence that those
who are especialy health anxious constitute a considerable
economic burden to society. For example, health care costs and
losses in productivity attributable to medically unexplained
symptoms account for an estimated £3 billion in 2008 in the
United Kingdom alone [13]. Cyberchondria may be likely to
be responsible for asignificant proportion of thisamount. In an
online study (N=240), Eastin and Guinder [14] found a
moderating effect of health anxiety on the link between
health-related online research and the use of health care. Results
highlighted that with increasing health anxiety, the association
between the extent of online information search and
appointments with physicians became stronger. Thus, health
anxiety seems to be an important determinant of how online
medical research affects the decision to visit a doctor.
Furthermore, an analysis of anonymous search logs showed that
those who frequently searched for health information online
ended their search sessions with queries about local health care
services [15]. In contrast, research has also suggested that
cyberchondriacan lead to deterioration within the doctor-patient
relationship [16], which may lead to further health care costs
(eg, visits to multiple doctors). Therefore, it is important to
better understand this disorder to inform new strategies to
minimize its negative consequences.

Objectives

This study aimed to examine usage patterns of online health
research and their impact on health anxiety and behavior. It was
hypothesized that individuals with symptoms of hypochondria
would use different online health services more often than
individuals without symptoms of hypochondria. Furthermore,
it was hypothesized that individuals with symptoms of
hypochondria would evaluate these services with regard to
information quality better than individuals without symptoms
of hypochondria. We aso investigated how participants react
to health-related online research and how they rated their
potential to aleviate anxiety.

Methods

Study Design

The study was carried out as a Web-based survey. To generate
a sample as heterogeneous as possible, the questionnaire was
distributed to more than 180 German-speaking health forums,
ranging from very specific health-related forums (eg, online
self-help for acohoalics) to more general ones. | nformation about
the purpose and the course of the study alongside an invitation
link to the online questionnaire were published in the forums.
The data collection period lasted 4 weeks. Completing the
guestionnaire took about 10 to 15 min.

Ethical approva was obtained from the Sigmund Freud
University Vienna ethics committee (QBABQXGPA@
APWF87082).
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Statistical analyses were conducted by using ASW Statistics
for Windows, Version 18.0 by SPSS Inc.

Material

The online questionnaire consisted of 2 parts. Part | was
self-constructed and included demographic data (5 items),
health-related internet use (11 items), and general health
behavior (7 items). Part || was standardized and assessed
existing symptoms of hypochondria.

A pretest was carried out in a specially selected health forum.
The N=17 returnswere analyzed, and theinstrument wasrevised
regarding its practicability, comprehensibility, and completeness
of item formulation.

Demographic Data, I nternet Use, and Health Behavior

In addition to age, gender, and nationality of participants, the
highest level of education and subjects’ current occupational
status were assessed.

To acquire information about the usage of health-related online
services, participants were asked to report their level of internet
literacy, the frequency of internet use, aswell asinternet services
used for health-related research. It was also recorded how
subjects perceived the quality of various online health services
and whether participants experienced effects of different online
health services on one's own health anxiety.

Study participantsindicated the avail ability of adequate medical
care in the immediate vicinity on a 5-point Likert scale (“very
good” to “deficient”), thefrequency of doctor visits, and number
of different doctors visited within the last year.

I1Iness Attitude Scale

The Iliness Attitude Scale (IAS) was used to record health
anxiety. Thisinstrument consists of 2 scales (1st disease anxiety,
2nd disease behavior) with 29 items on various aspects of
hypochondria to be answered on a 5-step scale. A total of 9
scales are formed from 3 questions each. In addition, 2
additional questions are included. The IAS has 9 subscales: (1)
worry about illness, (2) concerns about pain, (3), health habits,
(4) hypochondriacal beliefs, (5) thanatophobia (fear of death),
(6) disease phobia, (7) bodily preoccupations, (8) treatment
experience, and (9) effects of symptoms. Each item israted on
a0to4 Likert scale, and 27 of the 29 items are used in the total
score, which ranges from 0 to 108. Findings show that a cut-off
of 47 pointsyields a sensitivity of 96% and specificity of 95%.
The Iliness Attitude Scale has a retest-reliability between 0.89
and 0.93 and a Cronbach’'s Alpha of a = 0.90[17].

Table 1. Intensity of use of various internet services (N=470).
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Results

Sample

Thefinal sample consisted of N=471 participantsrecruited from
various health forums on the internet, of which 397 (84.3%)
were female. Participants were aged between 14 and 84 years
(mean 40.0, SD 13.25). Most participantswerein arelationship
or married (310/471, 65.8%). At the time of the survey, more
than half of participants (273/471, 57.9%) had finished school
with at least a high school diploma.

I1lness Attitude Scale

Resultsindicated that more than aquarter of participants showed
at least some symptoms of hypochondria (70/471, 14.9%) or
could even be diagnosed with hypochondria (120/471, 25.5%).
To ease statistical analyses and to create more balanced group
Sizes, these 2 categories were merged into 1 (190/471, 40.4%).

Comparison Between Participants With and Without
Hypochondria

Internet Use

Participants used a wide variety of services on the internet on
afairly regular basis (Table 1). Consequently, it isnot surprising
that a majority of subjects rated their own internet literacy as
“advanced” (334/471, 70.9%) or even “expert” (67/471, 14.3%).

Half of the sample reported that they had used the internet more
than 10 times in the past year to search for acute (215/471,
45.7%) or chronic symptoms (217/471, 46.2%). As expected,
results showed that individualswith symptoms of hypochondria
had been searching for their own acute (x24=28.82; n=400;
P<.001; phi=0.27) and chronic symptoms )(24:28.167; n=400;
P<.001; phi=0.27) significantly more often than those with low
health anxiety. For example, 76% (144/190) of individualswith
symptoms of hypochondria searched for symptoms more than
10 times on the internet last year compared with only 36.3%
(n=101/281) of individualswithout symptoms of hypochondria.

Individuals with symptoms of hypochondria aso differed
significantly in the types of online health services used from
individuals without symptoms of hypochondria (all differences
P<.001; see Figure 1). In particular, health services to share
with others affected and health forums were used several times
aday by 35% (66/281) and 50% (95/281) of individuals with
symptoms of hypochondria, respectively, whereas only 12.6%
(35/281) of individual swithout symptoms of hypochondriaused
these services on adaily basis.

Reason to use Frequency

At least once aday, n (%) At least onceaweek, n (%)  Atleast onceamonth, n (%) Never, n (%)
Professional 198 (42.2) 92 (19.6) 63 (13.4) 115 (24.5)
Entertainment 282 (60.1) 119 (25.3) 23 (4.9) 22 (4.7)
Social media 295 (62.8) 130 (27.7) 17 (3.6) 28 (6)
Information 323(68.7) 133 (28.5) 10(2.2) 3(0.6)
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Figure 1. Weekly or more often usage of different online services for individuals with and without symptoms of hypochondria.
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Similarly, individuals with symptoms of hypochondria used a
greater variety of services than individuals without symptoms
of hypochondria (tzs5=—4.06; P<.001; d=0.65). Individualswith
symptoms of hypochondria consulted on average mean 5.72
(SD 1.79) various headlth services on the internet, whereas
individual swithout these symptoms only visited mean 4.51 (SD
1.93) services.

Evaluation of Online Information Quality

In general, study participants’ appraisa of online health
information was critical. The health service with the highest
rating was only considered to be “rather reliable” The quality

https://www.jmir.org/2019/6/e10980/
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of online help by experts (mean 1.97, SD 0.81) was rated
highest. However, exchange with medical laypersons (mean
1.77, SD 0.81) was considered to be amost as reliable. In
contrast, information from pharmaceutical companies (mean
1.26, SD 0.86) was assessed more critically, similar to online
diagnostic systems (mean 0.82, SD 0.79) and information on
video portals (mean 0.53, SD 0.71).

Unsurprisingly, most online health services were rated as
significantly more reliable by individuals with symptoms of
hypochondria than by individuals without symptoms of
hypochondria (see Table 2).
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Table 2. Evaluation online information quality.
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Online services Mean (SD) t (df) Cohend P value
Online contact with experts _a -0.53 (213) 0.10 .59
Symptoms of hypochondria 2.04 (0.88) — — —
No symptoms of hypochondria 1.95 (0.80) — — —
Sharing with others affected — —2.26 (363) 0.36 02
Symptoms of hypochondria 2.00 (0.78) — — —
No symptoms of hypochondria 1.71(0.82) — — —
Websites of phar maceutical companies — —3.18 (294) 0.54 002
Symptoms of hypochondria 1.67 (0.86) — — —
No symptoms of hypochondria 1.21 (0.84) — — —
Websites of health experts — —1.94 (276) 0.19 05
Symptoms of hypochondria 2.00 (0.83) — — —
No symptoms of hypochondria 1.74 (0.74) — — —
Professional health portal — -0.67 (329) 0.12 50
Symptoms of hypochondria 1.93(0.67) — — —
No symptoms of hypochondria 1.85 (0.69) — — —
Online diagnosis system — -2.88 (42) 158 01
Symptoms of hypochondria 2.00 (0.83) — — —
No symptoms of hypochondria 0.76 (0.74) — — —
Online encyclopedias — —2.21 (60) 0.33 03
Symptoms of hypochondria 1.93(72) — — —
No symptoms of hypochondria 1.68 (0.80) — — —
Video portals — -3.84 (241) 0.64 <.001
Symptoms of hypochondria 1.00 (0.87) — — —
No symptoms of hypochondria 0.50 (0.67) — — —

3Not applicable.

Evaluation of the Potential of Researched | nformation

to Alleviate Anxiety

Overall, results showed that sharing with others affected (mean
1.94, SD 0.83) and online contact with experts (mean 1.93, SD
0.83) were able to alleviate anxiety. However, online diagnosis

https://www.jmir.org/2019/6/€10980/

RenderX

systems (mean 1.10, SD 0.77) and video platforms (mean 0.98,
SD 0.83) seemed to cause the opposite.

However, individuals with symptoms of hypochondria did not
rate health services significantly different with regard to their
potential to alleviate anxiety in comparison with individuals
without symptoms of hypochondria (see Table 3).
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Table 3. Potential of researched information to alleviate anxiety.

Eichenberg & Schott

Online services Mean (SD) t (df) Cohend P value
Online contact with experts _a 1.31(25.76) 0.35 .20
Symptoms of hypochondria 1.68 (1.08) — — —
No symptoms of hypochondria 2.0(0.69) — — —
Sharing with others affected — 0.15 (254) 0.01 88
Symptoms of hypochondria 1.95 (0.82) — — —
No symptoms of hypochondria 1.93(0.93) — — —
Websites of phar maceutical companies — —2.09 (167) 0.37 04
Symptoms of hypochondria 1.64 (0.77) — — —
No symptoms of hypochondria 1.37 (0.67) — — —
Websites of health experts — -0.17 (37) 0.04 86
Symptoms of hypochondria 1.77 (0.95) — — —
No symptoms of hypochondria 1.74 (0.65) — — —
Professional health portal — 0.72 (213) 0.02 47
Symptoms of hypochondria 1.61(0.82) — — —
No symptoms of hypochondria 1.70 (0.72) — — —
Online diagnosis system — —0.97 (45) 0.22 33
Symptoms of hypochondria 1.19 (0.93) — — —
No symptoms of hypochondria 1.01(0.72) — — —
Online encyclopedias — 1.59 (250) 0.27 11
Symptoms of hypochondria 1.40 (0.80) — — —
No symptoms of hypochondria 1.60 (0.71) — — —
Video portals — 0.44 (92) 0.09 66
Symptoms of hypochondria 0.96 (0.86) — — —
No symptoms of hypochondria 1.04 (0.86) — — —
3ot applicable.
Health Behavior Discussion

Respondents seemed to be satisfied with general health care
provision. Most participants were satisfied with the avail ability
of medical services in their direct local area (mean 2.11, SD
1.07). In the last year, 80.2% (376/471) of the tota sample
consulted a doctor. Participants visited on average 3.55 (SD
3.01) different doctors 11.65 times (SD 16.0) in the last year.

Participants with symptoms of hypochondria considered all
suggested behaviors to be more likely as a reaction to the use
of online health services as participants without symptoms of
hypochondria. Individuals with symptoms of hypochondria
reported having visited a doctor significantly more often after
health-related online searches (P<.001) compared with
individuals without symptoms of hypochondria. Individuals
with symptoms of hypochondriawere also morelikely toinclude
ordering medication on the internet (P<.001). Furthermore,
additional searches for health information as a response to the
use of internet health services were considered much more
probabl e by individual swith symptoms of hypochondria(mean
3.67, SD 1.27) than by individuals without symptoms of
hypochondria (mean 2.43, SD 1.24; P<.001).

https://www.jmir.org/2019/6/€10980/

Principal Findings

Cyberchondria is a form of health anxiety characterized by
excessive online health research. As there have only been few
elaborate studies on internet use and health fears to date, this
study aimed to examine online health research of individuals
with and without symptoms of hypochondria and their impact
on health anxiety as well as behavior.

In the current sample of German online health service users,
the portion of individuals with symptoms of hypochondriawas
as high as one-fourth (25.5%). In contrast, the prevalence of
hypochondria in the general population is estimated at 6.7%
[18]. This could be because of our recruitment methods of
advertising primarily on health information websites, as persons
who tend to be anxious regarding health issues consult these
services morefrequently [19]. Results showed that health-related
internet serviceswere used more frequently by individualswith
symptoms of hypochondria. In addition, these individuals also
used agreater variety of services. Inlinewith available research,
seeking online health information had a detrimental impact on
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those with health anxiety [19]. Results showed that information
researched online had a greater impact on health behavior in
individual swith symptoms of hypochondria. Therefore, despite
the established benefits of online health services such as the
empowerment of patients [20], searching online health sites
may carry a risk of aggravating health anxiety and lead to
dysfunctional health behaviors such as doctor hopping, ordering
nonprescribed medicine online, or intensifying their online
research. However, studies show that the quality of information
in health websitesis often questionable [21]. Asaconseguence,
individuals may have difficulties differentiating between reliable
websites and websites with less reliable information. In this
study, there were no significant differences in the assessment
of the quality of online health services between individualswith
and without symptoms of hypochondria. Similar to previous
research, participants in this study perceived online health
information to be somewhat reliable [22,23]. Thus, it is
important to minimize misleading information on the internet.
A possible solution to differentiate between websites of poor
and high quality may be to label high-quality services with
appropriate seals of approval and make these websites readily
recognizable.

Patients suffering from hypochondriasis as well as people
without this psychopathology agree that sharing worries with
others—similar to an online contact with an expert—is able to
alleviate health anxiety. In this sense, personal relationships,
whether it is being part of a community or with a competent
person, have the highest impact on gaining afeeling of security.
Taking into account this relationship, an increasing intensity of
medical internet research is accompanied with a greater use of
medical care provision. Consequently, it is not surprising that
individualswith symptoms of hypochondriareported consulting
a medical professional as a consequence of online health
research more often than individuals without symptoms of
hypochondria. This shows that individuals with symptoms of
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hypochondriado not turn to online research asaresult of lacking
alternatives but rather consult them on- as well as offline. In
conclusion, use of health-related websites may act as a catalyst
for symptoms of hypochondria, reinforcing symptoms or
increasing use of medical services.

Limitations and Future Research

There are some methodological limitations to this study. First,
possible self-sel ection processes should be noted. Online surveys
are predisposed for an inherent selection bias by being limited
to those with access to computers and internet resources. It is
possible that the number of individuals with symptoms of
hypochondria in the study sample might be overestimated.
Considering the significant higher amount of participants with
hypochondriain this sample compared with datafor the general
population, this needsto be kept in mind. Thismight result from
the fact that individuals with symptoms of hypochondria visit
online health services more frequently than individual s without
these symptoms [19]. In addition, to balance group sizes,
participants who showed at least some symptoms of
hypochondriawere combined with those that could be diagnosed
with  hypochondria. Female participants contributed
disproportionately to the respondent dataset. However, this
gender bias in online surveys has been frequently observed in
the literature [24]. Therefore, results cannot be considered as
representative of al internet users.

To increase the range of results, a representative offline study
aswell as supplementary screening by the attending physician
would be desirable. Thereby, self-assessment data could be
validated and extended. In addition, it isnecessary to investigate
the association between personality traits, health-related online
content, and cognitive aswell asemotional processes. Thereby,
studies may shift light on the role of moderating factors on the
association between health anxiety and internet usage.
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Abstract

Background: Despite substantial improvements in technology and the increased demand for technology-enabled behavioral
health tools among consumers, little progress has been made in easing the burden of mental illness. This may be because of the
inherent challenges of conducting traditional clinical trialsin arapidly evolving technology landscape.

Objective:  This study sought to validate the effectiveness of Pacifica, a popular commercialy available app for the
self-management of mild-to-moderate stress, anxiety, and depression.

Methods: A total of 500 adultswith mild-to-moderate anxiety or depression were recruited from in-app onboarding to participate
in a randomized waitlist controlled trial of Pacifica. We conducted an all-virtua study, recruiting, screening, and randomizing
participants through a Web-based participant portal. Study participants used the app for 1 month, with no level of use required,
closaly mimicking real-world app usage. Participantsin the waitlist group were given accessto the app after 1 month. Measurements
included self-reported symptoms of stress, anxiety, depression, and self-efficacy. We performed an intent-to-treat analysis to
examine the interactive effects of time and condition.

Results: Wefound significant interactions between time and group. Participantsin the active condition demonstrated significantly
greater decreases in depression, anxiety, and stress and increasesin self-efficacy. Although we did not find a relationship between
overall engagement with the app and symptom improvement, participants who completed relatively more thought record exercises
sustained improvements in their symptoms through the 2-month follow-up to a greater degree than those who completed fewer.
In addition, we found that participants who reported concomitantly taking psychiatric medications during the trial benefitted less
from the app, as measured by the symptoms of anxiety and stress.

Conclusions: Thisstudy provides evidence that Pacifica, apopular commercially available self-help app, is effectivein reducing
self-reported symptoms of depression, anxiety, and stress, particularly among individual s who utilize thought records and are not
taking psychiatric medication.

Trial Registration: ClinicaTrials.gov NCT03333707; https://clinicaltrials.gov/ct2/show/NCT03333707 (Archived by WebCite
at http://www.webcitation.org/78Y EO7ADB)

(J Med Internet Res 2019;21(6):€12556) doi:10.2196/12556
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Introduction

Background

In the United States, in a given year, over 19% of adults
experience an anxiety disorder [1] and 6.7% experienceamajor
depressive episode [2]. Decades of mental health care research
have resulted in the development of effective
nonpharmacological therapies for anxiety and depression, one
of which is cognitive behavioral therapy (CBT) [3,4]. CBT is
among the best-researched nonpharmacological treatments for
depression and anxiety [5,6]. However, traditional CBT requires
a well-trained practitioner and significant time commitment
both inside and outside of the therapy room from the client;
dissemination of this treatment has been somewhat limited
despite its demonstrated efficacy [7].

Untreated mental ilIness has well-documented negative effects
on physical health, health care costs, productivity, and
well-being [8-10], and mental health and substance use disorders
are the leading causes of disease burden in the United States
[11]. Unfortunately, only 43% of people with mental illnessin
the United Statesreceive professional care because of difficulties
with access to care, stigma, cost, or time involved in seeking
treatment [2].

Technology-enabled interventions hold great promise to ease
some of the burden of mental illness dueto their ability to scale
and reduce barriers to entry such as cost and stigma. In fact,
computerized or internet-based implementations of CBT have
existed for years and many have been demonstrated to be
effective for a number of mental health conditions [12-15].
However, athough these products exist, they have made little
impact on reducing the overal disease burden and
implementation has lagged behind devel opment [16].

Similar to the research-practice gap that exists for much of
mental health treatment, digital toolsthat performwell in closely
monitored, tightly controlled research settings do not aways
translate into widely utilized programs among consumers. This
may be because of poor usability and design or concerns about
privacy and data security [17,18]; in some cases, these apps are
never made availableto the public. Morerea -world studies that
demonstrate the effectiveness of mobile-delivered treatment
programs are needed.

User retention and engagement are critical to the success of
digital health interventions [17,19]. Thisis no different thanin
traditiona or in-person psychotherapy, wheretreatment retention
and engagement has long been atopic of study [20]. LeBeau et
al [21] defined treatment engagement as homework compliance
and found that greater compliance predicted better outcomes
among patients receiving CBT for anxiety disorders. However,
with digita tools, engagement has often been defined by the
number of uses or logins. The relationship between logins or
time spent using the app or digital tool is somewhat complex;
it is not always the case that greater use correlates with greater
symptom improvement. For example, 1 study found that
increased usage of a website for depression treatment
corresponded with less symptom improvement, and the authors
suggest the explanation that individuals who derived benefit
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from the treatment discontinued their use early [22]. Kelders et
al [23] examined digital treatment adherence and identified that
engagement-rel ated anal yses should consider the types of actions
taken by participants (eg, didactic lessons vs feedback vs skills
practice) and the time at which the individual became
nonadherent (ie, early vslate). Tying engagement to outcomes
can also be complex. van Gemert-PFijnen et al [24] examined
participants number of logins and use of various platform
features and found a somewhat complex relationship between
logins, feature use, and impact on depressive symptoms.

Thereisalso arichliterature on predictors of treatment response
in CBT, both in-person and when administered viadigital tools,
though it is hard to draw any clear conclusions about for whom
CBT does or does not work. Hgifgdt et al [25] found
contributions from both some demographic and clinical factors
in a Web-based CBT intervention for depression. Specifically,
having had more depressive episodes, being married or
cohabitating, and having higher life satisfaction predicted better
response. Myrh et al [26] reviewed the literature on predictors
of treatment response to in-person CBT and described that
although severd studies have found little-to-no strong predictors
of response to treatment, others have found that higher
socioeconomic status and being married predict better outcomes.
Dryman et al [27] conducted a study of the Internet-based CBT
(ICBT) mobile app, Joyable, to examineits efficacy for treating
social anxiety and found that responders (vs nonresponders)
had lower baseline symptoms and spent more days in the
program. Responders also called their coaches more and
completed more exposures. The groups did not differ on age or
gender. MoodHacker is a CBT-based app for individuals with
depression. In arandomized controlled trial (RCT) examining
the efficacy of MoodHacker, Birney et a [28] found that
depression symptom improvements were larger among study
participantswho had accessto an empl oyee assi stance program
(EAP), though the authors note that EAP access could actually
represent more than just access to an in-person counselor (eg,
non-EAP participants may have different motivationsthan those
who encountered the study through EAPs). Given these mixed
data, wewere a so interested in examining for whom the Pacifica
app would be most effective.

Objectives

Though it is not the first all-virtual RCT of a mental health
support app [29,30], this study was an effort to advance the
literature on the real-world use of technology-enabled CBT.
We sought to test the effectiveness of Pacifica[31], a popular
(over 2.4 million registered users at the time of submission)
commercialy available app for the self-management of stress,
anxiety, and depression, in a sample of individuals with
mild-to-moderate anxiety and depression who were seeking
digital tools to address their mental health. We predicted that
access to the app would help improve their symptoms and
increase self-efficacy. In addition, we hypothesized that greater
app usage, that is, more engagement, would result in larger
symptom improvements. In addition, given the ongoing debate
about activeingredientsin therapy [32] and the transtheoretical
approach of the app, we aimed to examine whether symptom
improvement was rel ated to the specific tool s that were utilized
(eg, thought records, meditation, and social posts). Finally, we
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evaluated whether demographic variables or baseline clinical
features would affect the efficacy of our app-based intervention.

Methods

Study Design

ThisRCT compared animmediate intervention group (Pacifica)
with awaitlist control group (WL). Both groups had access to
treatment as usual at their discretion. The WL group was
provided access to the intervention at the end of the 1-month
waiting period. The immediate intervention group was
re-assessed 2 months after their completion of the 1-month
intervention period to examine the stability of symptom change.
The study was registered with ClinicaTrials.gov
(NCT03333707) and was approved by SalusIRB (Austin, TX).

Recruitment, Screening, and Consent

We recruited participants for 3 months, from November 2017
through February 2018, via socia media advertisements, a
listing on Clinical Trials.gov, and through an opt-in screen in
the commercialy available app itself. The vast majority of
participants were recruited through the app itself. Pacifica does
not advertiseto acquire users, and most individual sfind the app
through app store searches, using terms such as anxiety or stress
or viaword of mouth.

We designed and built a Participant Portal that provided
individuals with a self-service platform for screening, consent,
and randomization to the app. To reduce duplicate enrollments,
potential participants provided their telephone number and
entered a code that was sent to them via short messaging service
(SMS) text messaging. A prescreen required participantsto be
over the age of 18 years, fluent in English, with regular access
to asmartphone, and no previous experience with Pacifica. After
this prescreen, participants were provided with an informed
consent document in an embedded PDF. A 4-question
knowledge check confirmed that they had read and understood
the document. To consent, participants entered their email
address and password. Following consent, participants were
screened to confirm eligibility. The Participant Portal is Web
(not app) based, and therefore, participants could access the
portal through any device with a Web browser. Participants
assigned to the waitlist condition would not have been able to
download and use the app (outside of the study) unless they
signed up with adifferent email address than whichever address
they used for this prescreen.

In addition to the criteriain the prescreen described above, the
inclusion criterion was a score between 5 and 14 on the
Generalized Anxiety Disorder 7-item (GAD-7) scale [33] or
between 5 and 14 on the Patient Health Questionnaire 8-item
(PHQ-8) scale [34]. Exclusion criteria were (1) score below 5
on GAD-7 and PHQ-8 or above 14 on either, (2) positive
response on screener for previous diagnosis of bipolar disorder,
schizophrenia, other psychotic spectrum disorder, or organic
brain disease, and (3) currently pregnant. Given the all-virtual
nature of the study, these criteria were selected to match the
intensity of theintervention to the severity of the users, allowing
us to balance participant safety with external validity and value
of the data.
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Aninitial group of 9279 individuals completed the prescreen,
1524 completed informed consent, and 500 were randomized
to groups. In addition, 7 individuals participation was
discontinued for failing to download the app within 48 hours
of screening and randomization. Of the 253 individuals who
were assigned to the treatment group, 182 participants used
Apple(iOS) devicesand 61 used Android devices. Furthermore,
3 participants accessed Pacifica with both iOS and Android
devices. Participants were assessed using questionnaire
measures, the details for which are below. See the CONSORT
flow diagram (Figure 1) for reasons for exclusion and
experimental compliance.

Intervention

Participantsin the Pacifica group were given access to Pacifica
Premium, versions 5.7 through 5.9.1. Updates to the app that
occurred during the research study were bug fixes and
performance improvements and would not have impacted the
therapeutic approach or usability of the app. Descriptions of the
app below are as it was in the research study and may not be
exactly the same as the currently available product. Pacificais
a mobile app marketed as a guided self-help tool for the
management of stress, anxiety, and depression. It is not
described as a treatment for any particular diagnosis nor is it
described as a substitute for professional treatment. At
onboarding, users select up to 3 goals on which to work from
alist of 8 options. The app prompts users once per day to rate
their mood and, based on their mood rating, recommends
activities to improve their mood via Suggested Activities (ie,
ecological momentary intervention; seethe studies by Schueller
et al and Lovibond and Lovibond [35,36]). There are al'so 35
days of Guided Paths that are approximately 10-min audio
psychoeducational lessonswith paired activities. Alternatively,
users can use the app buffet style, using whichever tools they
find helpful, whenever they choose. Participants in the study
were not provided guidance or suggestionsregarding the amount
of level of app usage beyond any promptsin the app (described
above).

Descriptions and details on the different activities are given
below:

Mood

Allows usersto rate their mood on a scale from Great to Awful.
Users may optionally label specific emotions or attach a
journal-style note to their mood rating.

Health

Allows users to track health behaviors such as seep, caffeine
consumption, and exercise. Users can customize their health
behaviors and goals for each health behavior (ie, how many
hours of sleep or number of cups of coffee). They may
optionally set up an alarm so that Pacifica sends them a
notification to remind them to enter their health data.

Meditation/Relax

Offers over 40 audio activities, most of which are intended to
promote mindfulness or relaxation. These include deep
breathing, progressive muscle relaxation, and a variety of
mindfulness activities.
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Figure 1. Consolidated Standards of Reporting Trials diagram.
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Thoughts

Offers 9 different activities to help users re-examine their
thoughts, identify cognitive distortions, and reframe thoughts.
The prompts are divided into 3 groups: basics, which help the
user recognize the relationship between their thoughts and
emoations, learn about cognitive distortions, and reframe negative
thoughts; journal prompts, which allow for free writing; and
advanced tools. The advanced tools include one that creates a
pie chart to help usersidentify other factors beyond themselves
that may contribute to events, a tool that asks a series of
guestions to help them evaluate evidence, and an activity that
guidesthem to drill down and identify core beliefs. All of these
toolsare guided exercises and do not provide automatic analysis
of the individual’s text inputs.
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Goals

Allowsthe user to create alist of challengesto complete to meet
their longer-term goals. A fairly generic list toal, it can be
customized to address anxiety by enabling the user to build and
address ahierarchy of feared or avoided situations. Userscoping
with depression can use the list to engage in behaviora
activation to re-engage with life. The tool prompts the user to
rate the perceived difficulty of the item before and after
engagement to help them recognize that their initial estimation
of the challenge may not be accurate. There are example items
that may be chosen or users can type in their own goals.

Guided Paths

Offer 35 days of psychoeducationa content to teach the user
how to utilize the toolsin the app and help maintain motivation
and interest. The lessons also provide background information
about CBT and mindfulness. Each 5- to 10-min audio lessonis
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paired with an in-app activity. The audio content is presented
either as a didactic session or amock session between a client
atherapist. The 35 days of content are divided into 4 paths: one
which offers an introduction to each of the tools in the app, 2
which are sequential and offer adeeper focus on CBT, and one
which focuses on building mindfulness skills.

Hope

On the basis of the principles of distress coping, the hope board
is a user's persona repository of inspirational quotes and
images. It aso allowsthe user to save their compl eted challenges
to help them feel a sense of accomplishment and savor their
wins.

Community

A peer-support community that is not moderated by
professionals, but is rather a place where users can post their
thoughts, challenges, and questions and receive support from
others using the app. The community isanonymous but utilizes
a flagging system to remove disruptive or inappropriate posts
or users. Users are provided the rules and guidelines of the
community when they first access the community.

Progress

Allows the user to review their mood ratings and completed
activities. The tool graphs their mood ratings against health
behaviors and other in-app activities so that users can identify
patterns and triggers. There is aso a skills tab that visually
displays the user's completed activities, separated by type.

Emergency Resources

Includes listing of crisis lines and resources for users in
emergency situations.

M easur ement

Questionnaire Measures

Study participants were assessed at 3 time points. at baseline
(pretreatment), 4 weeks later (ie, posttreatment; at the end of
the intervention period), and 3 months after baseline/2 months
postintervention (follow-up; only the Pacificagroup completed
the follow-up because the WL group was allowed to access the
intervention after the 4-week assessment). At each assessment,
participants were both emailed and notified via SM S that they
had available assessments to complete. Assessments were
completed viathe secure Participant Portal described above (ie,
not in the app itself).

The Depression Anxiety and Stress Scales-21 (DASS-21) [37]
isawidely used freely available self-report measure of stress,
anxiety, and depression. A shortened version of the DASS-42,
its 21 items are measured on aLikert scale and yield 3 subscale
scores. stress, anxiety, and depression. The DASS-21 consists
of statementssuch as“| couldn’t seem to experience any positive
feeling at all” with 4 response options ranging from “Did not
apply tomeat al” to “Applied to me very much or most of the
time.” For each subscale, summed scores range from 0 to 21,
with higher scores indicating greater symptoms. Its internal
consistency and concurrent validity have been shown to bein
the acceptabl e-to-excellent range [38].
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The PHQ-8[34] isan 8-item self-report measure of depression.
Itisidentical to the popular PHQ-9 [39] measure but eliminates
the question that queries suicidal ideation; it was selected given
the all-virtual nature of the study. An example item from the
PHQ-8 is “Little interest or pleasure in doing things,” with
response options ranging from “Not at all” to “Nearly every
day.” Scoreson the PHQ-8 range from 0 to 24, and the measure
has been shown to have good internal consistency and reliability
[34]. Higher scores indicate greater symptoms.

The GAD-7 [33] is a widely used, freely available, 7-item
self-report measure to address severity of Generalized Anxiety
Disorder. An exampleitem is* Feeling nervous, anxious, or on
edge,” with response options ranging from “Not at al” to
“Nearly every day.” Summed scores on the GAD-7 range from
0 to 21, with higher scores indicating greater symptoms. The
GAD-7 has good reliability and validity [33].

The General Self-Efficacy Scale [40] is a 10-item self-report
measure that asks participants about their beliefsregarding their
ability to copewith stressors or challengesin their life. Example
itemsinclude “I can aways manage to solve difficult problems
if I try hard enough,” with response options ranging from “Not
at al true” to “Exactly true” Scoreson the General Self-Efficacy
Scalerangefrom 10 to 40, with higher scoresindicating greater
self-efficacy. The measure has been shown to be reliable and
valid [41].

Overall, 2 composites were created from the 2 measures of
depression (PHQ-8 and DASS-21 Depression Subscale) and
the 2 measures of anxiety (GAD-7 and DASS-21 Anxiety
Subscale) to generate more reliable and valid indices of
symptoms. We standardized each measure at the pretreatment
time point, then used the means and SDs calculated at
pretreatment to standardize these measures at subseguent
timepoints. After the scores were standardized, measures were
averaged to create a single measure of each construct. These
measures are referred to as depression composite and anxiety
composite in the results section and have a mean of zero and a
SD of one 1 pretreatment.

Process Measures

To better understand possible mediators of symptom
improvement and app efficacy, we examined participants
number of logins and number of completed activities as
measures of app engagement. It should be noted that for the
purposes of this study, activitiesinclude thoughts, goals (either
setting or completing), relax, and community (writing a post).
The engagement analysisdid not include mood or health ratings,
hope posts, or time spent reviewing content in the community
forums because of the complexity involved in data extraction,
cleaning, and formatting for these activities.

Moderator Measures

To examine whether baseline patient characteristics predicted
treatment response to Pecifica versus WL, we tested
demographic and clinical characteristics. Demographic features
included age (treated as a continuous variable), gender
(O=female, 1=male), income (8 levels from <$20K to >$200K
treated as a continuous variable), marital status (O=not married,
1=married), education (0O=did not complete 4-year college,
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1=completed 4-year college), and race (O=other, 1=white).
Clinical features included current (at screening) use of
psychiatric medications (0=no, 1=yes), current (at screening)
use of psychotherapy (0=no, 1=yes), use of other mental health
apps (0=no, 1=yes), and whether they reported being diagnosed
with depression (0=no, 1=yes) or anxiety (0=no, 1=yes).

Statistical Analyses

Power Analysis

On the basis of a two-week pilot study among college
undergraduates, we anticipated an effect size of .3 (Cohen d).
We targeted 90% power to detect an effect to a significance
level of .05ina2-group 1-tailed t test, which revealed asample
of 191 participants per group. The previous study had about
75% completion, so we targeted to randomize 250 participants
per group. Though the use of pilot studies for estimating effect
sizes is questionable (cf [42]), this pilot study was the most
relevant data available on which to base our power analysis.
The effect sizes found in this study are larger than thosein the
pilot study: between .4 and .54 for the key symptoms measures
versus .3 in the pilot.

We were not able to meet our target of 191 compl eters because
of greater-than-anticipated attrition: 101 WL participants and
79 active group participants completed the study. Given this
number of completers, we were able to detect an effect size of
.38 with 80% power given a significance level of .05 and a
2-group, 2-tailed t test.

Statistical Analysis

Datawere analyzed using multilevel modeling (MLM) in Stata
15.0 [43]. MLM accounts for nesting of time points within
subjects, which allows for examination of change within and
between subjects across time (pretreatment, posttreatment, and
follow-up) and by group (WL and Pecifica). MLM includes all
participants with at least 1 measurement, and thus, it can be
used to estimate intent-to-treat effects. Separate models were
run for each of the 4 dependent variables (depression composite,
anxiety composite, stress, and general self-efficacy). Statistical
significance was defined as falling below a threshold of
alpha=.05, asthisisthe standard threshold used in randomized
clinical trialsin psychology.

To examine the main effects of the Pacifica intervention
compared with WL, timewasmodeled at level 1, with 1 segment
specified between the pre- and posttreatment time points, and
a second segment between the post and follow-up time points.
This approach modelstypical trendsin treatment studieswhere
the greatest effects occur by posttreatment and changes|evel-off
over follow-up and has been used in a number of previous
studies [44,45,46,47]. Group (WL vs Pacifica) was modeled at
level 2. Modelsincluded the main effects of the 2 time segments,
the main effect of group, and the interaction between group and
time. We examined the interaction between group and time for
statistical significance. All models included random effects of
theintercept and time, which were determined to be significant
based on likelihood ratio tests. Between-group differenceswere
assessed using the margins command in Stata by comparing
the slopes from pre- to posttreatment and by comparing the
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predicted meansfrom the model at the posttreatment time point.
Effect sizes are calculated based on the method described by
Feingold [48] that produces estimates anal ogous to Cohen d for
growth curve models in randomized clinical trials. Asthe WL
group received the intervention after the posttreatment time
point, we were unable to comparethe groups at follow-up. Thus,
for the follow-up time point, the dope of change from
posttreatment to follow-up was tested only for the Pacifica

group.

To examine whether engagement with the app was related to
treatment response, we tested whether overall engagement
(number of app logins) and specific types of engagement
(number of times using the goals, relaxation, community, and
thoughts sections of the app), were associated with symptom
change in the Pacifica group. Models included the main effect
of engagement, the main effects of the 2 time segments, and
the interactions between engagement and time. We examined
the interactions between the engagement variables and each
time segment for statistical significance. Thus, we examined
whether engagement predicted change from pre- to posttreatment
and from posttreatment to follow-up for each type of
engagement and for each dependent variable.

To examine moderators of response to Pacifica versus WL, we
tested whether demographic features (age, gender, income,
marital status, educational level, and race) and clinical features
(use of psychiatric medications, engagement in psychotherapy,
use of other mental health apps, and previously diagnosed
anxiety and depression) were associated with symptom change
from pre- to posttreatment in the Pacifica group compared with
the WL group. Models included the main effects of the
moderator, the main effect of time, the main effect of group, all
2-way interactions, and the 3-way interaction. We examined
the 3-way interaction between the moderator, group, and time
for statistical significance. Significant 3-way interactions were
followed up with tests of simple interaction effects of group by
time at different levels of the moderator.

Results

Pretreatment Group Differences

Table 1 presents demographic data on the WL and Pacifica
groups. Randomization was successful, and the 2 groups were
very similar with regard to demographics, we found no
significant differences between the groups (p s>.210). The
sample was largely female (75%) and white (80%) and had at
least some college education (91%).

Study Attrition

Of the 500 participants randomized, 204 completed both pre-
and posttreatment assessments. This represents 47% of WL
participants and 35% of Pacifica participants. The differencein
attrition between the groups was significant: x> (n=500)=7.7;
P=.006. We examined the baseline symptom ratings for the
individual swho dropped out versus those who did not and found
no differences (see Table 2). Further, no differenceswerefound
when these comparisons were stratified by group (P>.18).
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Table 1. Descriptive data of sample.

Characteristic Waitlist control group (n=247) Active (n=253) Chi-sguare (df ${3.1} P value
Age (years), mean (SD)? 30.2(10.8) 302 (10.9) _b 96
Gender, n (%) 2.73(4) .60
Male 56 (23) 54 (21) — —
Female 84 (74) 190 (75) — —
Transgender man 4(2) 2(1) — —
Nonconforming 3(2) 6(2) — —
Race, n (%) 3.73(5) .59
Asian 11 (4) 10 (4) — —
Black 20(9) 28 (11) — —
Hawaii/Pacific Islander 1(0.5) 2(1) — —
Native American/Alaska Native 5(2) 5(2) — —
White 208 (84) 202 (80) — —
No reply 2(1) 6(2) — —
Education level, n (%) 2.80(5) .73
Some high school 1(0.5) 4(2) — —
High School 21(9) 16 (6) — —
Some college 81 (33) 86 (34) — —
Associates 19(8) 17 (7) — —
Bachelor's 80 (32) 84 (33) — —
Master’s or higher 44 (17) 46 (18) — —
No reply 1(0.5) 0 — —
Marital Status, n (%) 1.50 (4) .83
Never married 161 (65) 161 (64) — —
Married 63 (26) 67 (26) — —
Separated 3(1) 6(2) — —
Divorced 19(8) 17 (7) — —
Widowed 1(0.5) 2(1) — —
Incomelevel in USD, n (%) 9.62 (7) 21
Under 20K 101 (41) 97 (38) — —
20-35k 50 (20) 39 (15) — —
35-50k 38 (15) 38 (15) — —
50-75k 25 (10) 46 (18) — —
75-100k 17 (7) 20(8) — —
100-150k 9(4) 9(4) — —
150-200k 3(1) 3(1) — —
Over 200k 4(2) 1(0) — —
Using other appsfor mental health 0.09 (1) a7
Yes 52 (21) 56 (22) - -
No 195 (79) 197 (78) — —
Currently in therapy 0.47 (1) 49
Yes 57 (23) 52 (21) — —
No 190 (77) 201 (79) — —
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Characteristic Waitlist control group (n=247) Active (n=253) Chi-sguare (df ${3.1} P value
Currently taking psychiatric medication 1.61(2) 45
Yes 91 (37) 101 (40) — —
No 155 (6) 151 (60) — —
No response 1(0) 1(0) — —
Previous diagnosis of depression 0.13(2) 72
Yes 184 192 — —
No 63 54 — —
Previous diagnosis of anxiety 0.13(1 72
Yes 205 213 — —
No 42 40 — —
8 405=0.05.
BNot applicable.
Table 2. Mean values on baseline outcomes for participants who dropped versus completed the posttreatment assessment.
Measure Drop Complete t (df) P value
Depression composite -0.01 0.01 0.31 (498) .76
Anxiety composite 0.04 -0.05 -1.16 (498) .25
Depression Anxiety and Stress Scales-21 stress 8.77 8.55 -0.78 (498) 44
General self-¢fficacy 26.97 26.75 -0.57 (498) 57

Key Outcome: Symptom Change

We first examined whether, compared with individuals in the
WL group, individuals assigned to use Pacifica experienced
greater improvement in anxiety, depression, stress, and
self-efficacy. Our intent-to-treat analysis revealed significant
group x time interactions for each of the outcome measures
(depression composite, anxiety composite, DASS-21 stress, and
self-efficacy) such that changein the Pacificagroup was greater
than change in the WL group. These results were unchanged
when individual measures of depression and anxiety were
examined separately. See Multimedia Appendix 1 for means
and SEs of the individual depression and anxiety measures. In
addition, to assess whether treatment dropout affected these
results, we analyzed additional models that included the group
x dropout interaction and main effects of group and dropout,
and the results were unchanged. Table 3 provides parameter

Table 3. Group x timeinteraction.

estimates for the group x time interaction from pre to
posttreatment, 95% Cl s, significancelevels, and effect sizesfor
each outcome measure.

We additionally examined the simple effect of time within
groups. Table 4 shows that the Pacifica group experienced
significant change from preto post for each variable (decreases
for depression, anxiety, and stress and an increase for
self-efficacy). Anxiety level in the WL group significantly
decreased from pre to post. For the Pacifica group, from post
to follow-up, there were no significant changesin any outcome.
There were significant group differences at post for each
measure (see Figure 2). The WL group was higher than the
Pacificagroup for depression symptoms (0.66; Cl 0.37 t0 0.94;
P<.001), anxiety symptoms (0.47; ClI 0.17 to 0.77; P=.002),
and DASS-21 stress (2.09; Cl 1.09 to 3.08; P<.001), and lower
on self-efficacy (—1.46; Cl —2.62 to —0.30; P=.014).

Measure Beta 95% ClI P value Effect size (d)
Depression composite -0.59 -0.86t0-.03 <.001 0.54
Anxiety composite -0.43 -0.71t0-0.15 .003 0.40
Depression Anxiety and Stress Scales-21 stress -1.79 -2.74t0-0.84 <.001 0.46
General self-efficacy 155 0.53t02.58 .003 0.34
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Table 4. Score change on key measures across time by group.

Measure Change acrosstime 95% ClI P value

Depression composite

Pre versus post
Control -0.12 -0.30t0 0.06 21
Pacifica -0.71 -0.91t0 0.50 <.001

Post versus Follow-up
Pacifica 0.27 -0.10t0 0.64 149

Anxiety composite

Pre versus post
Control -0.23 -0.41t0-0.04 .018
Pacifica -0.66 -0.87t0-0.45 <.001

Post versus Follow-up
Pacifica -0.03 -0.44 10 0.37 .87
Depression Anxiety and Stress Scales-21 stress

Pre versus post
Control -0.43 -1.06t0 0.20 .18
Pacifica -2.22 -2.93to-1.51 <.001

Post versus Follow-up
Pacifica 0.22 -0.97t01.41 72
General self-efficacy

Pre versus post
Control 0.52 -0.16t0 1.2 A3
Pacifica 2.10 1.30t02.84 <.001

Post versus Follow-up

Pacifica 0.25 -1.02t0 1.53 .697
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Figure 2. Key outcome measures by group and time. DASS: Depression Anxiety Stress Scales.
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Clinically Significant Change

Participants were classified as having achieved clinically
significant change (CSC) on the PHQ-8 and GAD-7 as outlined
by Jacobson and Truax [49]. The individual scales were used
for the CSC analysis because test-retest reliability metricswere
needed to calculate the reliable change index. Rates of CSC at
post for PHQ-8 were as follows: Pecifica, 41.8% (n=33/79);

WL, 16.8% (n=17/101); X,* (N=180)=13.74; P<.001. Rates of
CSC at post for GAD-7 were as follows: Pacifica, 39.2%
(n=31/79); WL, 24.2% (n=24/99); X,* (N=178)=4.63; P=.031.
Therate of CSC at follow-up for the Pacifica group was 35.4%
for the PHQ-8 and 48.9% for the GAD-7.

Engagement Effects

The median number of logins in the Pacifica group during the
30-day intervention was 19, with arange of 1 to 286. We did
not find any significant interactionsfor group by time by overall
engagement with the app (defined by total number of logins)
for depression composite (P>.21), anxiety composite (P>.34),
stress (P>.11), or self-efficacy (P>.55).

However, for tests examining unique activities in the app, we
found that the use of thought record tools was significantly
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associated with symptom improvement for 2 of the outcome
measures; anxiety composite and stress (see Figure 3).
Specifically, for the anxiety composite, greater number of
thought records compl eted during treatment was associated with
greater anxiety reduction from posttreatment to follow-up (beta
=-10; ClI -0.19 to -0.02; P=.019), athough not from
pretreatment to posttreatment (P=.406) . Number of thought
records completed was not significantly associated with baseline
anxiety in the MLM (P=.834). For DASS-21 stress, a greater
number of thought records completed during treatment was
associated with less stress reduction from pre- to posttreatment
(beta = -.30; Cl -.50 to -.11; P<.01), but greater stress
reduction from posttreatment to follow-up (beta=-.47; Cl -.87
to -.08; P<.05). Number of thought records compl eted was not
significantly associated with baseline stress in the MLM
(P=.772). Descriptively, individuals who completed relatively
more thought records showed adelayed positive effect in terms
of anxiety and stress reduction. Use of the thought record tool
was not significantly associated with change in depression
(P>.13) or general self-efficacy (P>.48). The use of the goals,
relax, and community tools was not associated with changein
anxiety (P>.18), depression (P>.13), stress (P>.29), or general
self-efficacy (P>.26).
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Figure 3. Interaction between use of "Thoughts' tool and anxiety and stress outcomes. DASS: Depression Anxiety Stress Scales.
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Moderator Analysis

Demographics
We examined the 3-way interaction between group, time, and

demographic responses to examine whether any of these
demographic traits moderated treatment response.

Age, gender, income, marital status, educational level, and race
did not significantly moderate the effect of group on symptom
improvement. See Table 5 for details.

Clinical Features

We also conducted moderator analyses for each of the clinical
characteristicslisted in Table 1. We found only 1 characteristic
that significantly interacted with group and time to predict
outcome measures: presence/absence of concomitant psychiatric
medications at baseline. As shown in Figure 4, the presence of
psychiatric medications moderated the group effect such that

Table 5. Group x time x moderator.

DASS Stress
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the benefits of Pacifica compared with WL were significantly
greater for people who were not taking psychiatric medications
than for people who were taking medications. This moderation
of the group x time interaction only reached significance for
the anxiety composite and DASS-21 stress measures.

For the anxiety composite, tests of simple effects showed that
for participants not taking psychiatric medications, those
assigned to Pecifica had a significantly greater reduction in
anxiety than those assigned to WL (slope difference=—.68, Cl
-1.01 to —0.35; P<.001). However, for those taking psychiatric
medications, no difference in symptom reduction emerged
between Pacificaand WL (P=.771). A similar pattern emerged
for stress. For participants not taking psychiatric medications,
those assigned to Pacifica had a significantly greater reduction
in stress than those assigned to WL (slope difference=—2.54;
Cl -3.70 to -1.39]; P<.001). However, for those taking
medications, no difference in symptom reduction emerged
between Pacificaand WL (P=.615).

Variable Depression, beta(95% Cl) Anxiety, beta(95% Cl) DASS-21 stress, beta(95% Cl)  Self-efficacy, beta (95% CI)
Age (years) -.01(-0.03t0 0.02) -.01(-0.03t0 0.02) .01 (-0.08 to 0.09) -.03 (-0.13t0 0.06)
Gender -.16 (-0.81 t0 0.49) -08(-0.73t100.57]  -1.72(-4.02t0 0.57) -.90 (-3.40t0 1.61)

White -.22(-0.93t0 0.48) -.40 (-1.11t0 0.30) .18 (-2.29t0 2.65) .50 (-2.20 to 3.20)

College educated .15 (-0.36 10 0.65) 48 (-0.0310 0.99) .60 (-1.20t0 2.39) 1.35 (-0.63 to 3.34)
Married -.25(-0.81t00.32) -.45(-1.02t00.12) -1.85(-3.85t0 0.15) 1.30(-0.88 t0 3.49)
Income level .04 (-0.12100.19) .09 (-0.07 t0 0.25) .27 (-0.29t0 0.84) -.08 (-0.70 t0 0.53)

Using other apps .01 (-0.59 t0 0.62) -.18 (-0.79t0 0.42) -.31(-2.44t01.81) .67 (-1.68 t0 3.02)
Receiving psychotherapy .17 (-0.46 t0 0.81) .44 (-0.20to 1.08) .52 (-1.76 to 2.80) -1.81(-4.391t00.78)
Taking psychiatric medication .47 (—0.04 to 0.98) 61 (0.09 to 1.12)2 2.19 (0.39 to 3.99)2 .18 (-1.84 t0 2.20)

Diagnosed with depression
Diagnosed with anxiety

-.27 (-0.84 10 0.30)
21 (-0.51t0 0.93)

13 (-0.44 0 0.70)
-.02 (-0.7510 0.72)

30(-1.72102.32)
17 (-2.3810 2.73)

.80 (-1.40 to 3.00)
-1.18 (-4.00 to 1.64)

8Effects are significant at P<.05.
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Figure 4. Moderation of group by time effect by participant self-reported psychiatric medication use. DASS: Depression Anxiety Stress Scales.
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Discussion

This study is the first published RCT of Pacifica, a widely
avalable, popular smartphone app-based intervention for
self-help of mild-to-moderate stress, anxiety, and depression.
The tools implemented in the intervention are based on the
integration of CBT, mindfulness, and mood and health tracking.
Results indicated that this intervention is effective compared
with a waitlist control a 1 month in reducing self-reported
symptoms of depression, anxiety, and stress and increasing
feelings of self-efficacy. Between-group effect sizes were in
the small-to-medium range. In addition, treatment gains were
maintained for 2 months following the end of the 1-month
intervention period, especialy for anxiety symptoms. These
results are particularly noteworthy given the very light touch
nature of the study, short duration of the intervention period,
and the real-world sample of individuals.

App usage was self-guided, and participants were not instructed
to use the app with any specific level of frequency, so rather
than consider adherence, we explored whether amount of usage
(ie, number of completed activities) was associated with
symptom improvement. We did not find any association with
overall usage, possibly because looking at the total number of
app logins is a simplistic way of quantifying engagement.
However, we did find that individual swho completed rel atively
more thought records demonstrated delayed improvement, which
is noteworthy. Though there have been chalenges in the
literature to the importance of cognitive restructuring in CBT
[50], this study suggests that, at least for technol ogy-enabled
CBT, thought records were helpful. Subjectively, completing
thought records is a more time-intensive and cognitively
demanding activity than health tracking or meditation and
increased use of these activities may be a marker of greater
commitment to treatment or improvement. We should note,
though, that in this study thought records included both basic
journaling prompts and more complex reframing activities.
However, this study was unfortunately underpowered to examine
the effects of different types of thought tools. The apparent
delayed positive benefit of completing relatively more thought
activitiesis consistent with the common perception that although
examining and challenging negative thoughtsis difficult in the
short term, it can result in more long-lasting benefits. In addition,
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there are data suggesting that CBT is effective at preventing
relapse to anxiety and depression [51,52], but further research
is needed to more completely understand these effects,
particularly in computerized CBT.

Demographic characteristicsamong participantswere not rel ated
to outcomes, which is consistent with the mixed findings across
previous studies examining traditional (ie, not online delivered)
CBT [53-55] aswell asinternet-based CBT [13,25,56-60]. This
suggests that app-based CBT can have effects across diverse
populationsrather than being relevant only for aspecific group.
However, we found differential effects between participants
who were and were not taking psychiatric medications at
baseline. Though not significant for measures of depression or
self-efficacy, for the anxiety composite and DASS-21 stress
measures, the presence of medication at baseline diminished
the difference between the groups, that is, both the WL and app
groups improved. Inspection of the means reveals not that the
presence of medications markedly reduced the effectiveness of
the app, but rather that there was little added benefit of the app
above and beyond the medication.

Although this finding is inconsistent with some data that
combined treatments perform better than therapy alone [61], it
is consistent with literature that has found minimal benefit of
combining medication with psychotherapy [62]. Certain
medications such as benzodiazepines may interfere with
behavioral therapy [63]. To be sure, though, a guided self-help
tool such as Pacificais not psychotherapy—nor doesit purport
to be. The personal relationship established with a practitioner
may bewhat catalyzestreatment and nudgesit above medication
alone; blended model sthat incorporate both self-help solutions
with human coaching have been found to be superior to self-help
alone [64]. The drawback of these models is their ability to
scale. Stepped care models that triage services and match the
level of in-person support with client need are likely the way
of the future[65]. Such model s combine the rapport and human
connection of a human therapist or coach with the ubiquity and
outside-of-the-clinic support of a mobile app. The question of
whether combining mobileinterventionswith pharmacotherapy
iseffectiveisparticularly relevant given the fact that amajority
of individuals receive their psychotropic medications from
primary care providers [66] who typicaly only see them
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intermittently; digital tools could potentially provide additional
support between appointments.

This project represents a step forward in that it is a real-world
evaluation of a popular, commercially available
technology-enabled intervention. However, there are severa
limitations that should be noted. First, the study was conducted
among a convenience sample that was rather homogeneousin
its demographic makeup. The participants were largely
college-educated white females. Previous research has found
that women are overrepresented in Web-based research studies
[67]. Although this sample may represent the individuals who
are most likely to utilize technology-enabled mental health
interventions, this homogeneity may limit the degree to which
the outcomes can be generalized. Owing to the fact that no
demographic information is collected from users upon sign-up,
we cannot assess how representative this sampleisof all of the
individual s who utilize Pacifica.

Although the participant pool was homogeneous from a
demographic perspective, the study was conducted in asample
that may have been heterogeneous with respect to diagnosis.
We did not conduct diagnostic interviews and only have
participants’ responses to symptom rating questionnaires. In
the real world, many individuals seeking Web-based tools to
manage their mental health are doing so outside of the context
of the therapy clinic and may not have formal diagnoses. It is
noteworthy that our sample had relatively low levels of anxiety
and depression. This further highlights the fact that individuals
who seek digital tools may be on the mild end of the spectrum
and that these tools may need to be used in conjunction with
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therapy to be effective for more severely affected individuals.
Future research should examine whether these data can be
replicated in amore diverse sampleto consider whether efficacy
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formally diagnosed versus those who self-selected and were
simply screened using self-reported measures. Furthermore,
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moderation of the effects by the use of psychotropic
medications. Although this finding is interesting, because we
had minimal information about participants’ use of medications
(ie, no data on the types, dosage, or any change to medication
across the course of the study), this should be examined further
in future work.

This study provides encouraging findings around the ability of
popular, commercially available, guided self-help tools to
empower individuals to manage their symptoms of stress,
anxiety, and depression and increase their self-efficacy. This
study also serves asaproof point for an all-virtual study. Given
thelimitations of existing health care systems and the obstacles
to care that exist for individuals coping with mental health
conditions, mobile apps and technol ogy-enabled interventions
can play an important role in expanding access and serving as
an adjunct to in-person treatment. Future research should
continue to clarify the best application of these tools and how
they can be better integrated into existing workflows and care
delivery systems.
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Abstract

Background: A critical issue in understanding the benefits of Web-based interventions is the lack of information on the
sustainability of those benefits. Sustainability in studies is often determined using group-level analyses that might obscure our
understanding of who actually sustains change. Person-centric methods might provide a deeper knowledge of whether benefits
are sustained and who tends to sustain those benefits.

Objective: The aim of this study was to conduct a person-centric analysis of longitudinal outcomes, examining well-being in
participants over the first 3 monthsfollowing a Web-based happinessintervention. We predicted we would find distinct trajectories
in peoplée’s pattern of response over time. We also sought to identify what aspects of the intervention and the individual predicted
an individual’s well-being trajectory.

Methods: Data were gathered from 2 large studies of Web-based happiness interventions: one in which participants were
randomly assigned to 1 of 14 possible 1-week activities (N=912) and another wherein participants were randomly assigned to
complete 0, 2, 4, or 6 weeks of activities (N=1318). We performed a variation of K-means cluster analysis on trgjectories of life
satisfaction (LS) and affect balance (AB). After clusters were identified, we used exploratory analyses of variance and logistic
regression models to analyze groups and compare predictors of group membership.

Results: Cluster analysis produced similar cluster solutions for each sample. In both cases, participant trajectoriesin LS and
AB fell into 1 of 4 distinct groups. These groups were as follows: those with high and static levels of happiness (n=118, or 42.8%,
in Sample 1; n=306, or 52.8%, in Sample 2), those who experienced alasting improvement (n=74, or 26.8% in Sample 1; n=104,
or 18.0%, in Sample 2), those who experienced a temporary improvement but returned to baseline (n=37, or 13.4%, in Sample
1; n=82, or 14.2%, in Sample 2), and those with other trgjectories (n=47, or 17.0%, in Sample 1; n=87, or 15.0% in Sample 2).
The prevalence of depression symptoms predicted membership in 1 of the latter 3 groups. Higher usage and greater adherence
predicted sustained rather than temporary benefits.

Conclusions. We revealed afew common patterns of change among those completing Web-based happiness interventions. A
noteworthy finding was that many individuals began quite happy and maintained those levels. We failed to identify evidence that
the benefit of any particular activity or group of activities was more sustainable than any others. We did find, however, that the
distressed portion of participants was more likely to achieve a lasting benefit if they continued to practice, and adhere to, their
assigned Web-based happiness intervention.

(J Med Internet Res 2019;21(6):€13253) doi:10.2196/13253
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Introduction

Background

Thereisawidevariety of electronic health (eHealth) and mobile
health (mHealth) interventions available to anyone who is
interested in Web-based mental health care or self-improvement
and has access to the internet or a mobile network. The
individual goals of these Web-based interventions range from
smoking cessation [1] to the prevention of weight gain [2] to
even the treatment of posttraumatic stress disorder and
depression [3]. Many interventions, however, lack a specific
focusand instead attempt to build general wellness or happiness.
These interventions have been called elsewhere online positive
psychologica interventions (OPPIs) [4]. OPPIs have been the
subject of much research and development, given people's
strong interest in pursuing and increasing happiness.

Although the efficacy of many of these Web-based interventions,
including OPPIs, has been demonstrated in the peer-reviewed
academic literature, little information is available on the
sustainability of the benefitsthat people see when they usethese
interventions. Although it has been suggested that such
information might be useful to alow users to make educated
choices about eHealth and mHealth interventions [5], the
methods to produce such an understanding have not been well
developed [6]. Inareview of 11 OPPI efficacy studiesfeaturing
randomized controlled trial designs, 4 studies (approximately
36%) did not report effects beyond the posttest [4]. The
remaining 7 studies included in the review, however, provide
initial evidence that the increases to happiness following an
OPPI can be partially sustained for 6 weeks [7], 3 months [8],
and 6 months [9,10] after the completion of the intervention
and that a remediation of depression symptoms can similarly
be observed 3 months [11] and 6 months [9,10,12,13] after
exposure to an OPPI.

Although these studies do provide initial support for the idea
that the benefits of an OPPI can be sustained, OPPI efficacy
trials with randomized designs and some degree of follow-up
assessment are limited in number beyond this subset [4] and,
to the best of our knowledge, none of them have conducted
specific analyses to understand the longitudinal outcomes. To
address this discrepancy, in this analysis, we apply a
person-centric or idiographic approach to post-OPPI follow-up
assessments to identify which outcome trgjectories are most
likely before exploring individual differences in distinct
longitudinal outcome trajectories.

Online Positive Psychological I nterventionsand the
People Who Use Them

OPPIs are most often brief, skill-based exercises that are
intended to improve happiness and well-being by teaching
individual sthe cognitive and behavioral strategies of chronically
happy people [14]. These interventions are technological
trandlations drawing from the broader area of positive
psychological interventions (PPls) which have generally
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demonstrated efficacy in using a variety of strategies and
delivery modalities[15,16]. Bolier and Abello [4] reviewed the
evidence specifically for OPPIs and not only found that effects
tended to be smaller than those found generally for offline PPIs
but also noted that the only direct comparison at the time of
publication between a Web-based and offlineintervention found
no significant difference between them [17]. Thus, it is likely
that many of the benefits accrued from PPIsal so apply to OPPIs.

Meta-anal yses have reveal ed that most studies, beit Web-based
or computer-based PPIs, have evaluated only the immediate
impact of the intervention [15,16], comparing baseline reports
of happiness with assessments of happiness made immediately
following the intervention. We mentioned earlier that asmaller
subset of studies have continued to collect data for 3 or more
months after the completion of a given intervention
[7,9-11,13,18], and these studies tend to find evidence, at the
level of group-wise analyses, that many happinessinterventions
continue to benefit individual s who practice them through this
period. Thisline of research, however, leaves anumber of open
questions regarding the nuances of longitudinal outcomes,
particularly regarding individual differences.

Any person-centric approach should aso appreciate the types
of people who tend to seek out and use OPPIs. Fortunately, the
characteristics and behaviors of such people have been
investigated in past research. Parks et a [19] provide a
thoughtful analysis of the type of lay people that free OPPIs
appeal to, a group that the authors refer to as Web-based
happiness seekers. These authors draw 3 main conclusions.
First, they found that roughly half of the seekers are somewhat
happy people intending to achieve greater happiness, but that
the other half are quite distressed and some might even be
experiencing a mental health condition. Second, they found
that, overall, happiness seekerstend to frequently employ several
activitiesin their pursuit of happinessand may persist with these
activities for several months. Third, when happiness seekers
are provided with easy access to a variety of (presumably)
happiness-promoting activities, it is the frequency and variety
of activities that they engage in that predict increases to mood
and happiness.

It is also worth noting, however, that Web-based happiness
seekers might be more motivated than others to increase their
happiness or report their happiness as increasing. One
investigation of such people found that even those exposed to
hypothesized-inert psychoeducational material received boosts
in happiness and well-being [20]. It is worth noting that the
characteristics of Web-based happiness seekers may not be that
different from those of people seeking other forms of
psychological interventions on the Web and that the type of
engagement with OPPIs is consistent with other eHealth and
mHealth interventionsin which they require asubstantial degree
of self-motivation and self-guidance. Assuch, the understanding
of OPPIsand Web-based happiness seekers can help contribute
to an understanding of eHealth and mHealth interventions more
generaly.
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Other studies have explored those who self-select into PPIs,
although not completely in a Web-based environment. For
example, Kaczmarek et al [21] allowed college students to,
voluntarily and anonymoudly, self-initiate a\Web-based gratitude
intervention after they completed a separate study. The 11.5%
of participants who started the Web-based happinessintervention
were more likely than their peers to express high levels of trait
curiosity and endorse strong intentionsto changetheir lifestyle.
However, athough Parks et al [19] found that the prevalence
of depression symptoms was higher in Web-based happiness
seekers than that found in the general population, Kaczmarek
et a [21] found that depressive symptoms were related to a
reduced tendency to start the intervention. Lyubomirsky et al
[18] also conducted asimilar study on positive interventionsin
which participants self-selected into either a study advertised
as consisting of cognitive exercises or a study advertised as
congisting of happiness exercises, with al participants randomly
assigned to receive either a positive intervention or control
exercise. Inthisstudy, they found noinitial differences between
the conditions on well-being, which would seem to be morein
line with the findings of Parks et a [19] than those of
Kaczmarek et a [21]. They did, however, find that the only
people to significantly experience an increase in well-being
after the intervention were those who sought out a happiness
exercise in the first place and were administered a PPl (rather
than a control exercise). This supports the finding of Haeck et
al [20], in which it suggests that those who are motivated and
interested in happiness-increasing activities might be more
successful potentially because of increased effort or motivation.
Bearing thisin mind, it is worth examining the characteristics
and behaviors of those who experience long-term benefitsfrom
PPIs, and specifically OPPIs, to better understand the
mechanisms underlying the benefits.

Hedonic Adaptation

One challenge in evaluating the long-term benefits of OPPIsis
that happiness naturally fluctuates to some extent over time
[22]. Furthermore, if OPPIs are to be lastingly effective, then
they must overcome a psychological homeostatic processcalled
hedonic adaptation [23,24]. Hedonic adaptation is the process
through which most people revert to aprevious and stable level
of well-being even after significant life eventsand changes[25].
The earliest study noting this phenomenon was done on rare
events, such aswinning the lottery or having alimb amputated
(ie, Brickman et al [26]), but a robust body of evidence aso
demonstrates this phenomenon in more common, magjor life
events including job change (eg, was found by Chadi &
Hetschko [27]), childbirth (eg, was found by Dyrdal & Lucas
[28]), and marital divorce (see Kramrei et a [29] for a
meta-analysis of divorce effects). Inall these cases, the changes
to happiness (whether positive or negative) that people saw
following these events were generally temporary and usually
dissipated completely within afew months or a year.

Hedonic adaptation is likely due to a combination of affective,
cognitive, and motivational processes[30,31]. Inthe Sustainable
Happiness Model, Lyubomirsky et a [32] argue that because
on€e’s genetic set point accounts for around 50% of the variance
in happiness and circumstances account for only about 10% of
the variance, up to 40% of the variancein individual happiness
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is because of intentional activities, that is, things people think
and do. These intentional activities can be teachable and are
ultimately the focus of OPPIs. Sheldon et al [33] propose the
Hedonic Adaptation Prevention model to suggest that hedonic
adaptation is not inevitable but instead can be counteracted by
intentional activity. Specifically, the Hedonic Adaptation
Prevention model suggests that appreciation, surprise, variety,
and intrinsic change are all mechanismsthrough which sustained
benefits in happiness are achievable. Lyubomirsky and Layous
[34] extend some of the thinking in this model by suggesting
that the characteristics of both the intervention and the person
contribute to the ultimate benefit received. In addition to aspects,
such asvariety, they also highlight i ssues such as dosage, social
support, and triggers of the intervention as well as baseline
affective states of the person as being drivers of happiness
change. Their study guides this research by identifying the
characteristics and behaviors that might be worth exploring in
terms of mechanisms and long-term OPPI benefits.

Primary Analyses of the Current Datasets

The data analyzed here originate from 2 large samples of
Web-based happiness seekers, both of which have been reported
elsewhere[19,35]. Although previous reports on these data have
been restricted to the baseline characteristics of participants,
immediate outcomes, and attrition, this paper reports the
long-term outcomes and attempts to understand who achieves
sustai nable long-term benefits. The authors of the report on the
first sample in our paper [19] conducted cluster analysis using
baseline reports of depression symptoms, life satisfaction (L S),
and affect balance (AB) and found that the participantsfell into
1 of 2 groups. About half (49.5%) fell into a distressed group
reporting low initial levels of well-being and high levels of
depressive symptoms, whereas the other half (50.5%) formed
anondistressed cluster reporting highinitial levels of well-being
and low levels of depressive symptoms. Noteworthy, the
distressed cluster had an average level of depressive symptoms
of mean 26.74 (SD 10.58) on the Center for Epidemiological
Studies-Depression Scale (CES-D; [36]), whereas the
nondistressed cluster had an average level of depressive
symptoms of mean 7.93 (SD 5.85) on the same scale. The
authors argue that Web-based happiness seekers can be
reasonably categorized into those who might be suffering from
current mental health problems and those who are not and that
the success of apositiveintervention could belargely dependent
on what category a participant belongs to.

Another report on these data was published by 2 of the authors
of this paper (SMS and ACP) [35] who conducted a 6-week
OPPI wherein the participantswere assigned to 2, 4, or 6 weeks
of intervention content or an assessment-only control condition.
Participants received a new intervention each week such that
the 2-week condition comprised 2 different PPIs, the 4-week
condition comprised 4 different PPIs, and the 6-week condition
comprised 6 different PPIs. The 2- and 4-week interventions
were more effective at reducing symptoms than the control
condition or the 6-week intervention by the end of the study
period. Although participants in the 6-week condition did not
obtain gains beyond those seen in the 4-week condition, those
in the 6-week condition were more likely than other groupsto
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continue practicing some of the exercises. Intheir interpretation
of these mixed findings, the authors [35] explained that

“1t might be that increasing the diversity of exercises
leads to participants splitting their time among the
techniques and not focusing on any of the techniques
long enough to benefit substantially”

Both previous papers on these data, however, were also limited
by their use of nomothetic techniques to focus on the overall
benefits that people obtained rather than trying to understand
the trgjectories of individual benefit. Although the first set of
authors[19] did create clusters of distressed and nondistressed
participants, this clustering was created at baseline and did not
explore how information could be gained about individual
differences in change trajectories.

ThisAnalysis

In asecondary analysis of these 2 large datasets (described by
[19] and [35]), weexplorelongitudinal outcomesin 2 separable
dimensions of happiness (LS and mood) after self-selected
exposure to OPPIs. To best understand how happiness change
occurs and is maintained, we adopt a person-centric approach
that identifies the trajectories in happiness reports.

By examining LS and AB across the months following
self-selection into a Web-based happiness intervention, we
sought to address the following questions:

1. Do people typically experience adaptation after these
interventions and return to baseline levels of well-being
after the OPPI or are they more likely to achieve a
sustainable well-being increase during this period?

2. |If adaptation is prevalent yet avoidable, what can people
do to prevent it?

3. How many other distinct well-being trajectories occur
during this timeframe and what are their shapes?

The analysis we present here addresses these questions by
identifying the most common outcome trajectories that people
have reported following exposure to an OPPI, grouping people
based on those trajectories and using group membership as a
proxy to exploreindividual differencesinlongitudinal outcomes.

Methods

Recruitment

In both the samples, participants were directed to a common
research portal via Web-based advertisements to participate in
aresearch study on positive psychol ogy exercises and a printed
advertisement in Seligman’s Authentic Happiness (2002) book.
No compensation, beyond the advertised benefit of participating
in a happiness-boosting intervention, was offered to the
participants. This study was approved by the Institutional
Review Board (IRB) at the University of Pennsylvania under
an exempt IRB asaprocess of continuous quality improvement,
thus it was not deemed to be a clinical trial and was not
registered as such.

Participants

The 2 samples differed in the period during which data were
collected. Those who enrolled between July 2006 and February
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2007 appeared in Sample 1, whereas those who enrolled between
February 2007 and November 2008 were represented in Sample
2.

The 2230 participants across Sample 1 (n=912) and Sample 2
(n=1318) were, demographically, very similar. Both samples
contained more women than men (76.5% overall), and the 2
samples did not seem to differ in this regard (z=.496, P=.617)
and were made up of people who were moderately educated
(74.3% overall had a Bachelor’s degree; 70% in Sample 1 and
77.2% in Sample 2; z=-3.853; P<.001) and middle-aged (mean
age 43.5 years overal; 45.3 years in Sample 1 and 42.3 years
in Sample 2; tyy06=5.944; P<.001). As described by Parks et &
[19], these individuals were, in addition, likely to be distinct
from other research samples because they represent the
self-selected individuals who actively seek to increase their
happiness through Web-based interventions and other mediums.
Thus, the results of this paper were specific to this unique
population: agroup that includes many highly distressed persons
seeking to overcome their depression symptoms.

Procedures

On enrollment, participants provided consent and answered
demographic questions along with a set of surveys relevant to
their mental health and well-being. Afterward, they were
randomly assigned to Web-based happiness intervention
conditions that differed between samples.

Sample 1: Individual | nterventions

Participants in Sample 1 were randomly assigned between
conditionsin a 14-group randomized controlled trial design. A
total of 13 of these conditions represent hypothesized 1-week
happiness activities (eg, writing a gratitude letter or savoring a
beautiful day), whereas the fina condition was based on a
1-week active control writing task used in previous studies (see
[9]). Intervention instructions varied considerably by condition
and are summarized in Multimedia Appendix 1.

Sample 2: Multiple I nterventions

Participants in Sample 2 were randomly assigned between 4
conditionsin which they received 0, 2, 4, or 6 weeks of positive
psychology exercises, with a new exercise administered within
each week of their assigned intervention. The O exercise
condition was included as a waitlist control condition and
participants could receive exercises after 6 weeks of completing
assessments only. The exercises included in the experimental
conditions were a subset of those to which Sample 1 was
randomly assigned. Exercises were provided in a fixed order
such that people in the 2-, 4-, or 6-week conditions in Sample
2 received the same content across conditions (with the variance
in content being due to a variance in the intervention length).
The administration order for the exercises is also provided in
Multimedia Appendix 1 alongside the description of each
exercise.

M easures

Across the 2 samples, the surveys administered overlapped
considerably. As such, the measures presented here were used
in both the samples except where specified. Participantsin both
the samples completed a battery of surveys before intervention
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assignment, at the end of each week during the intervention
period, and 1, 3, 6, and 12 months after the intervention period.
These survey batteries contained the measures we described
here, aswell as others. Unfortunately, item-level data were not
availablefor the calculation of scalerdliability statisticsin these
samples. Thisoccurred because scaleswere summarized by the
survey software before data export and the item-level dataused
to create these summaries were no longer available.

Life Satisfaction

The Satisfaction with Life scale[37] isaglobal measure of LS
that consists of 5items, each with a7 point Likert scale response
(ranging from 1= strongly disagreeto 7= strongly agree). Higher
scores on each of theitemsindicate greater LS. The scale itself
has demonstrated strong internal consistency, test-retest
reliability, and construct validity in numerous studies (see [38]
for areview). The items on this scale are relatively face-valid:
“1 am satisfied with my life.” and “If | could live my life over,
| would change almost nothing.” are 2 examples. The metric
used in this paper to assess LS is the sum of an individual’s
scoreson theitemsin this scale, with higher numbersreflecting
greater satisfaction.

Affect Balance

The Positive and Negative Affect schedule [39] is a 20-item
scale that asks participants to rate the extent to which they are
currently experiencing each of the 20 different emotions on a
5 point Likert scale (ranging from 1=very likely or not at all to
5=extremely). A total of 10 items corresponded to positive
emotions (eg, enthusiastic and proud), whereas the other 10
items reflected negative emotions (eg, upset and nervous). AB
was cal culated by summing the scores across positive items and
subtracting the sum score across negative items.

Depression Symptoms

The CES-D scale [36] is a commonly used metric for current
depression symptomsin research settings that asks parti cipants
to report the frequency with which they had experienced 20
different symptoms (eg, restlessness, loneliness, and loss of
appetite) over the past week. Although the CES-D is not
designed for the specific diagnosis of clinical depression, it has
repeatedly demonstrated good reliability and construct validity
across a wide variety of clinical [40] and nonclinical samples
(see [41] for review) as a tool for identifying subclinical
depression symptoms. The 20 items on this scale are each
accompanied by a4 point Likert scale response (ranging from
O=rarely or none of the time to 3=most or almost all the time)
and these responses are summed to provide a proxy of
depression symptom prevalence.

Use and Adherence

Participantsin both sampleswere asked at each assessment after
the posttest to report the number of days over the past week in
which each assigned positive psychology exercise was
performed (responsesranged from 0 to 7 days) and whether the
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specificinstructionswere adhered to (participantsindicated Yes
or No for each assigned exercise). As the number of exercises
that were assigned to each participant varied within and between
samples, responses to these 2 items were summed within
timepoint for each participant and grouped based on the number
of assigned activities before being z-transformed within each

group.
Statistical Analysis

We adopted the following 3-step anaytic plan with a
person-centric focus so that we might address our research
guestions with the greatest accuracy. We excluded all
participants who completed fewer than 4 assessments of either
LS or AB. The remaining missing data were deleted on a
pairwise basis.

1. Trace a trgectory in well-being over time for each
individual participant

2. Group similar tragjectories based on their shape and identify
which curve shapes are most common

3. Interpret the most common trgjectory shapes and evaluate
their relation to depression symptomology and use statistics

In the first step of our process, we mapped a trajectory within
each person in terms of both AB and LS over the time spanning
the pretest through the 3-month follow-up assessment. This
provided us with our fundamenta unit of analysis. a
three-dimensional (3D; LSxABxtime) trajectory for each
participant.

We then, in our second step, identified common tragjectoriesin
our samples through K-means cluster analysis [42] so that we
might uncover the patterns of response change that naturally
occur across this time span. Common trgjectory shapes were
identified in this way and individuals were grouped in these
clusters based on their similarity with each of these shapes.

K-means cluster analysis [42] is an atheoretical approach to
grouping peopleinto K number of groups based purely on their
similarity with one another. For this analysis, we performed a
progressive series of K-means clustering, starting with K=1 and
ending with K=10 and compared them to learn which value of
K best represented our data (see the Multimedia Appendix 2
for a full description). The algorithm behind it employs
prototypes to define each group, typically with the following
computational steps (note also the differential usage of
capitalization regarding the letter K to distinguish between the
total number of clusters and the identification of a particular
cluster).

1. Place K number of prototypes randomly within the
reasonable observation window

2. Assign each subject to the prototype (k) it is closest to

3. For each k, reoptimize the prototype by defining it as the
center (ie, mean) of all subjectsthat are assigned to it

4. Repeat steps 2 and 3 until none of the prototypes can be
reasonably optimized further
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Figurel. Distancefunction used in the clustering of participant trends. Deltasymbols are used to indicate diff erences between prototypes and individual

trends.

distance = f

pre test

Once each person was described by their own polynomial
trajectory in both LS and AB over time (centered at posttest;
the central-most observation in both samples), we executed a
series of possible K-means clustering on these trajectories using
the above steps. The major deviation in our approach from the
typica K-means cluster analysis was that we employed a
cal culus-based distance function to quantify similaritiesin curve
shape between trajectories, rather than the squared Euclidean
distance between points, when assigning participants to
prototypes and when reoptimizing prototypesto better represent
the participants (this distance formula represents the limited
integral of aPythagorean combination of the difference between
derivative functionswithin each predictor dimension; see Figure
1).

This deviation represents a modification of the K-means
approach to match our research objectives: We are interested
in how well-being changes over time, rather than well-being
itself, and the purpose of our modification is to isolate the
manner with which well-being changes. Change, in a
mathematical sense, can be found by calculating the derivative
of afunction; the result is afunction that plots the slope of the
original trgjectory, inthiscase, acrosstime. By clustering along
thetotal difference between derivatives (aswe have done here),
we have modified the standard K-means cluster analysis to
cluster well-being trajectories based only on similaritiesin curve
shape and ignoring original function intercepts.

With each participant clustered based on curve shape, we closed
our analysis with an interpretation of these newly identified
longitudinal outcomes(ie, clusters) and an analysis of predictors
of group membership. Observing that our clustersinadvertently
seemed to differentiate based on raw self-reported levels of
well-being at baseline, we employed exploratory analyses of
variance (ANOVAS) to describe group-wise summaries of
responses across the observation period. We then used
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correlation and logistic regression to explore how depression,
frequency of use, and adherence to instructions might relate to
the distinct longitudinal outcomes and predict group
membership.

Results

Common Trends

We began our analytic process by fitting a within-person
polynomial regression model to both LS and AB scores across
the available time span. Each of these bivariate models (2 for
each participant) was raised to the polynomial degree of 2 less
than the number of observations to produce precise, but
unsaturated, representations of change in LS or AB over time.
Our combination of modelsresultedin a3D (ie, LSxABxtime)
trajectory representation for each individual participant (Step
1). Trajectories were then grouped based on curve shape by
performing the K-means cluster analysis [42] described above
that employs a customized distance function to account for
functional derivative differences rather than the Euclidean
distance between points (Step 2). The final clusters were then
interpreted through factorial ANOVA before being classified
asdigtinct longitudinal outcomes and compared with one another
interms of self-reported depression symptoms and use statistics

(Step 3).

The same approach was applied to both samplesfor confirmation
and comparison purposes and all evaluations were initialy
conducted within the sample. Furthermore, aswe discuss below
and as indicated in Figures 2 and 3, similar trajectories were
identified across samples in terms of both shape and position.
In addition, taking into consideration the methodological and
demographic similarities between the 2 samples, we decided to
collapse our analysis of these variables across samples for
concise presentation here except where stated.
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Figure 2. Survival curves demonstrating the portion of participants retained over time.
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Figure 3. Life satisfaction trajectories over time by sample and cluster. The points in the foreground represent observed group-wise means, whereas
the faded lines in the background represent the prototype trajectories that each cluster is based on. Error bars represent standard error of the mean.
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modeling of happinesstrajectories over time. Trajectorieswere
mapped for all participantswith at least 4 (from a possible total

The primary concern in terms of attrition or missing datawas  of 6) data pointsin both AB and LS between the pretest and the
the availability of data for our first step, the within-person 1 year follow-up assessment. Although this approach produced
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reasonable models of space between the pretest and the 3-month
follow-up, it failed to reliably model the span of the following
9 months, wherein LS and AB were only assessed twice: 6 and
12 months postintervention. Despite many varied efforts, we
were not able to arrive at any type of reasonable model for our
data that included these time points.

These criteria reduced our sample sizes to 276 participants
(30.3% of the original sample) in Sample 1 (where participants
received only a 1-week intervention) and 579 participants
(42.4%) in Sample 2, where the intervention was considerably
more substantial. Proportionately, more participants qualified
for analysisin Sample 2 than observed in Sample 1, x%=34.603,
P<.001, potentially because of the differencein content between
those 2 samples. Survival curvesfor the 2 samplesare provided
in Figure 2. Importantly, most of the attrition occurred between
thefirst 2 assessmentsin either of the samplesand thisleft open
the possibility that the persons who dropped out did not
complete, or even begin, their assigned intervention. Excluded
participants reported significantly lower levels of LS (mean
20.49 [SD 8.15], n=1375), Welch'st;,9;=-3.91, P<.001 and AB
(mean 11.72[SD 13.43], n=1382), Welch'st;;5=-5.74, P<.001,
than the included participants (mean 21.89 and 14.92,
respectively [SD 8.23 and 12.45, respectively], n=855) at pretest.
They aso reported a significantly higher prevalence of
depression symptoms at this same time point (mean 18.22 [SD

Sanders et al

12.97], n=1396), Welch's t19,5=5.24, P<.001, when compared

with the participants who were retained in our analysis (mean
15.42 [SD 11.94)).

Trajectoriesin Life Satisfaction and Affect Balance
AcrossTime

Using Cattell’'s [43] Scree approach and a descriptive
comparison of the 4-factor solution to a 3- and 5-factor solution
(seedso Multimedia Appendix 2), weidentified the 4 trajectory
clusters described in this paper as being the most reasonable
interpretations of trajectory shapesin the sample. These clusters
are plotted in Figures 2 to 4 and were named nondistressed
(42.8% of Sample 1 and 52.8% of Sample 2), lasting benefit
(26.8% of Sample 1 and 18.0% of Sample 2), hedonic
adaptation (13.4% of Sample 1 and 14.2% of Sample 2), and
residual (17.0% of Sample 1 and 15.0% of Sample 2) based on
thefindingsthat we describe below. The reader should note that
the observable similarity in common trajectory shapes across
samples was not because of shared prototypes or algorithm
seeds: separate and compl ete clustering were carried out within
each of the 2 samples before displaying the results from both
samples on the same plots here. Many of our subsequent
comparisons were also carried out in this same way, with us
occasionally reporting summary statistics across samplesinthe
interest of brevity.

Figure 4. Affect balance trajectories over time by sample and cluster. The pointsin the foreground represent observed group-wise means, whereas the
faded lines in the background represent the prototype trajectories that each cluster is based on. Error bars represent standard error of the mean.
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Figure5. Participant-level deviation in life satisfaction from baseline by sample, timepoint, and cluster. Each bar represents one participant (arranged
by value and given pairwise deletion between plots). Raw within-person differences (from pretest) are represented on the y-axis. Similar information
isrepresented in Figure 3, though it is presented here for visual confirmation of our cluster definitions.
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It is worth noting that in addition to being atheoretical, our
variation on this approach ignored function intercepts (and
thereby the actual position of the original data points) in our
attempt to classify tragjectories purely in terms of their shape.
Regardless, Figures 2 and 3 show that this clustering also seems
to capture distinct group-wise difference in reporting at the
various time points. Once an artificia intercept is applied to
each prototype, it seemsto lay directly on top of the observations
from the cluster that the prototype represents. Figure 5 also
showsthat the group-wise summary statisticsdisplayed in Figure
3 correspond well to the distributions of responses at each time
point and further confirmsthe precision with which we captured
distinct participant trgjectories.

We first examined our forecast of group-wise differences in
reporting using a separate 4x4 mixed factorial ANOVA for each
of the 2 outcomes, LS and AB, in each of the 2 samples. In both
samples, a significant timepoint (within-participant; pretest,
posttest, 1-month follow-up, and 3-month follow-up) x cluster
(between-participant; nondistressed, lasting benefit, hedonic
adaptation, and residual) interaction effect qualified significant
main effects of both timepoint and cluster (in Sample 1
significant 2-way interactions predicted both LS, Fg ¢45=19.67,
P<.001, and AB, Fg g4g=47.31, P<.001, in Sample 2: significant
2-way interactions predicted both LS, Fg 14,,=53.412, P<.001,
and AB, Fg 161;=95.697, P<.001; moreinformation is available
in Supplemental Tables 1 and 2). These significant interaction
effects are direct evidence of mean-level differences between
groups, so we examined them further with posthoc comparisons
to learn where those difference occurred.
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A full posthoc analysis of al possible pairwise comparisons
within samples (with Bonferroni corrections) is presented in
Supplemental Tables 1 and 2. In summary, we found strong
statistical evidencefor exactly the patterns we would expect by
observing Figures 2,3, and 4. First, achronically high-reporting
group (later identified as the nondistressed cluster; Sample 1
n=118, Sample 2 n=306) emerged across samples. As can be
seen in supplemental tables 1 and 2, membership in this cluster
significantly predicted higher levels of both LS and AB than
the other 3 groups at the pretest assessment (T=0). Second, we
observed a group of individuals in both samples who seemed
to lastingly benefit from agiven positive intervention (thelasting
benefit cluster; Sample 1 n=74, Sample 2 n=104). Although
these persons began the intervention with levels of LS and AB
at or below the 3 other clusters, they showed a marked
improvement in these regard when assessed alittle over amonth
later (T+37 in Sample 1 and T+42 in Sample 2), regardless of
intervention length. Furthermore, the K-means clustering
approach also identified a group in each sample that showed a
similar benefit around the same time point, but then displayed
a hedonic adaptation curve afterward (the hedonic adaptation
cluster; Sample 1 n=37 and Sample 2 n=82). Significant
differencesin the reporting of LS and AB between this cluster
and the nondistressed and lasting benefit clusters can be
observed around the 3-month follow-up in both samples. Lastly,
a group of persons emerged with each clustering which we
found difficult to explain in this context (the residual cluster;
Sample 1 n=47 and Sample 2 n=87). Persons in this group did
not seem to report an immediate benefit because of the
intervention and displayed significantly less LS and AB than
the other 3 groups at 3 time points: 37 (T+37; Sample 1), 42
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(T+42; Sample 2), and 72 (T+72; Sample 2) days after the start
of the intervention. Across separate clustering in 2 different
samples, our approach arrived at what seem to be the same 4
distinct clusters of trajectories, regardiess of the major
differences in the interventions and timeframes between the 2
samples.

A posthoc comparison of reported LS and AB values between
samples is made difficult by the fact that when the time frame
is linked at the pretest (ie, when we consider the pretest
assessment asour starting point), thelater assessment timepoints
are no longer equitable across samples. Our argument for
consistency across samples in the clusters formed, however,
requires some means of evaluating the similarity in cluster
solutions between samples. To this end, we chose to compare
reported L S and AB values between samples within each of the
following 3 time point groups: early assessments (T and T+7),
middle assessments (T+37 and T+42), and late assessments
(T+72, T+97, and T+132; see also Supplemental Tables 1 and

Sanders et al

2 for group-wise means and SDs by timepoint and sample).
When accounting for cluster-wise and sample-wise main effects
with Type 3 sums of squares, we did not observe a significant
interaction effect between cluster and sample during the early
assessments in terms of either LS, F; 47,=0.60, P=.62, or AB,
F3071=1.76, P=.15. This lack of asignificant interaction effect
was again observed within the middle assessments in terms of
both LS, F575,=0.51, P=.67, and AB, F55,=1.12, P=.34, and
again within the late assessments of LS, F3159;=0.44, P=.73. A
significant interaction effect between cluster and sample did
emerge during thelate assessments of AB, F3 1,43=3.05, P=.028,
though this effect accounted for less than 1% of the total

variance in the outcome, n2=.006. We contend that the general
lack of an observable statistical effect is not equivalent to
observance of nondifference; however, we find the qualitative
similarities observable in Figures 1 and 2 to be supported by
this body of null findings.

Table 1. General binomial (logistic) models predicting membership in the lasting benefit cluster over the hedonic adaptation cluster from use statistics.

Factor Model 1 Model 2 Model 3
Fixed effects Intercept Intercept Intercept
time? time time
freqb freq freq
adh® adh adh
freqxYadh fregxadh fregxadh
_e fregxtime fregxtime
— — adhxtime
— — fregxadhxtime
Model df 5 6 8
Log likelihood -877.23 -873.28 -872.92
R-squared’ [.570,.641] [.572,.644] [.573,.645]
Akaike information criterion 1764.5 1758.6 1761.8
Residual deviance 17545 1746.6 1745.8
Residual df 1295 1294 1292
Comparison with previous model
X2 — 7.9 0.73
af — 1 2
P value — 0.005 0.7

8A ssessment time point, in days (possible values before mean centering: 7, 14, 21, 28, 35, 37, 42, 72, 97, and 132).
bFrequency of use (in number of days per week; scaled by total intervention length).
CAdherence to the specific instructions of an exercise within the past week (coded as 1=true, O=false).

9 ndicates an interaction effect.
®Not applicable.

The limits of the R? statistics presented here are Cox & Snell’s pseudo- R and Nagelkerke's pseudo- R, respectively.
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Table 2. Optimal binomia model to describe the relationship between intervention use and the achievement of alasting intervention benefit.

Fixed effects Estimate (b) Standard error Standardized (3) zscore P value
Intercept 0.47 0.11 .00 4.45 <.001
frecP -0.20 0.10 -.35 -1.97 <.05
adhP 011 0.24 09 0.45 66
timeS -0.00 0.00 -.05 -0.37 72
fregxadh 0.65 0.23 54 2.88 .004
fregxtime 0.01 0.00 .36 2.75 .006

3Frequency of use (scaled by intervention length).

bAdherence to the specific instructions of an exercise within the past week (coded as 1=true, O=false).
CAssessment time point, in days (range of values before mean centering: 7, 14, 21, 28, 35, 37, 42, 72, 97, and 132).

Relationships Between | dentified Longitudinal
Trajectoriesand Other Variables

Next, we approach the question of what might have caused some
people to exhibit one pattern over another (ie, the third step of
our analytic plan). In an attempt to address this question, we
employed a handful of logistic regression models predicting
cluster membership from metrics of depression symptomol ogy
(specifically, CES-D scores) and metricsrelating to the use and
continued use of the assigned activity or activities.

Depression
The presence of depression symptoms was assessed with the

CES-D [36] at all the same timepoints where LS and AB were
measured, as well as weekly during the intervention period in

Sample 2. Thisallowed usto explore complex multidimensional
multilevel models in our assessment of how this metric
differentiated the 4 clusters, though the findings are relatively
straightforward and can be best summarized simply by the
correlations between variables: Depression was strongly
negatively correlated with both LS, r (n=5076)=-.70, P<.001,
95% Cl —0.71t0—0.70, and AB, r (n=5084)=-.75, P<.001, 95%
Cl -0.76 to -0.75, and these 2 outcomes were strongly
correlated with one another, r (n=5076)=.62, P<.001, 95% ClI
0.60 to 0.62. The parallels between Figures 2 and 3 are again
replicated when plotting depression over this same time frame:
The changes that we observe over time are not only limited to
LS and AB, Figure 6 demonstrates that they also encompass
large-scale changes in the presence of depression symptoms
over time.

Figure 6. Trends in self-reported depression symptoms over time by sample and cluster. Group-wise means and standard errors are represented by
points and error bars; trajectory curves are formed using a L oess smoothing function with a span width of 2 days. The standard error of the smoothing

function is represented by shaded regions.
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Thisfinding emerged, in part, because of 2 factors. First, nearly
half of the participants (1051/2241, 46.9% responses before
deletion) began the intervention with self-reported depression
symptomology that met or exceeded the common preclinical
criterion for a high risk of depression (a score of 16 or above
on the CES-D [36]). Second, the self-reported changesin LS
and AB, similar to changes in depression symptoms, were
simply more profound in distressed partici pants than the changes
in LS and AB that occurred within seemingly nondistressed
participants. With these findings, we solidified our
categorization of the most popular trajectory across samples as
atrajectory specific to distinctly nondistressed individuals; the
remaining clusters, and the focus of our investigation are the
distressed individuals among which we can more easily identify
longitudinal change.

Freguency of Use and Adherenceto I nstructions

Use and adherence measures were assessed for each exercise
that the participant was administered, which remained at 1
exercise for participantsin Sample 1 and varied between 0 and
6 exercises in Sample 2. This became a problem for the
assessment of how frequently the participant used that exercise
over the past week, so these use metrics were grouped based
on intervention length and z-standardized within-group. Given
our findings from the depression analysis, we employed
frequency of use and adherence to instructions as possible
predictors in distinguishing between participants who showed
a lasting benefit because of the intervention (n=146,1206
assessments) as opposed to a hedonic adaptation curve during
the assessment period (n=92,886 assessments).

In searching for an optimally fitting model to describe our data,
we began with amaximal multilevel binomial model predicting
a lasting benefit over hedonic adaptation and sequentialy
removed predictors from thismodel based on overall model fit.
More specifically, the original maximal model predicted the
binomial outcome (O=hedonic adaptation, 1=lasting benefit)
from the interaction of time (days; mean centered around
28.36)xuse (standardized as described above)xadherence
(binomial: O=did not adhereto the specific exercise instructions,
1=did adhere) and al lower-order interaction and main effects
that comprise this 3-way interaction, with slopes and intercepts
varied by participant, condition, and sample. All random effects
were removed based on sequential comparisons of models, as
wasthe 3-way interaction effect and the 2-way interaction effect
between adherence and time. Thefinal steps of this processare
summarized in Table 1.

Table 1 displays summary fit statistics and compari sons between
some of the latter models we considered. The outcome of each
of the above functions is membership in the lasting benefit
cluster (coded as 1; functional n=1206) over membershipinthe
hedonic adaptation cluster (coded as O; functional n=886).
Participants were drawn from both samples and all data points
observed between the pretest and the 3-months follow-up
assessment are included. All predictors represented here,
including time, have been grand mean centered. Model 2 is
observed to be an optimal description for these data.

A closer examination of the final (optimal) model is provided
in Table 2. Looking at the parameter estimates for our optimal
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model, we can see a number of key relationships between
frequency of use, adherence to instructions, and the attainment
of alasting benefit rather than hedonic adaptation. For those
who adhered to the specific intervention instructions, frequency
of use considerably predicted a lasting benefit across all time
points, with an especially large effect at later assessments. For
those who reported that they were not adhering to the
instructions of their intervention, frequency of use made
relatively no impact on their possibility of membership in the
lasting benefit cluster; these participants generally exhibited
about a 50% probability of belonging to either group.

Table 2 presents the parameter estimates of the best-fitting
model of the relationship between use stati stics and membership
in the lasting benefit (rather than hedonic adaptation) cluster
(ie, themodel 1abelled Model 2in Table 1). Functional N=2092.

McFadden's R?=.387. Deviance residuas; minimum=-1.78,
first quartile=—1.28, median=0.95, third quartile=1.03,
maximum=1.28.

Discussion

Principal Findings

This analysis examined how well-being changes over time for
peopleenrolledinan OPPI. Not surprisingly, inlight of previous
research showing that high baseline well-being predicts smaller
OPPI effects [44], we found that the individual’s well-being at
baseline had amajor impact on these trgjectoriesin our samples.
Persons who were relatively well-off at the start of the
intervention reported much smaller changes over time than the
distinctly distressed personswho comprised roughly half of our
samples. In terms of each of our specific research questions
(presented in theintroduction of the present paper), respectively:

1. For the distressed portion of participants, our cluster
analysis of trajectories revealed that a lasting benefit
following the OPPI might be just as likely as a temporary
benefit (ie, adaptation); both experiences were commonly
reported by participants.

2. Thedistressed participants who continued to use the OPPI
were much more likely to see alasting benefit rather than
adaptation, especialy at later time points, but only if they
also reported adhering to the specific instructions of
whatever OPPI they were assigned to.

3. A substantia portion of the distressed participants also
exhibited tragjectories that defied classification as either a
lasting benefit or adaptation, though these individuals
typically did not report any immediate benefit of the OPPI
between the pretest and posttest. For those who were not
apparently distressed at baseline, the changesto well-being
over time were much subtler than the changes exhibited by
distressed participants and thus more difficult to identify
given the current approach.

Participants were randomly assigned between a total of 18
different conditions between the 2 samples, with 1 group
representing awaitlist control condition, another group receiving
a Web-based placebo intervention, and the remaining 16
experimental conditions receiving an OPPI (see Multimedia
Appendix 1 for specific exercise instructions). Despite these
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OPPIs varying in both dosage and content, we were unable to
observe any differences in participant outcomes because of
condition assignment. A number of factors could explain this
lack of afinding, but we contend that it is likely more because
of thelimitations of our design and samplesrather than ageneral
inefficacy of OPPIs. These limitations are explored further
below, followed by recommendations for the design of OPPIs
and OPPI studies.

Limitations

This analysis has a number of limitations that stem from the
manner with which data were collected. Our data drew from 2
samples of OPPIs, both collected from awebsite that appealed
to those seeking to increase their happiness. Participantsjoined
with little incentive for participation and many were recruited
using an advertisement that appeared at the end of a happiness
self-help book. Thus, it is hard to isolate the impact of any one
specific exercise. OPPIs tend to attract motivated happiness
seekerswho might use additional Web-based or offlineresources
to boost their happiness. Our findings can also only generalize
to thesetypes of people; arguments are made here and €l sawhere
[19,44] asto the ways that Web-based happiness seekers differ
from other members of the public. It is aso worth noting,
however, that this context mirrors many ways in which such
interventions are deployed in real-world settings. Few incentives
exist to encourage individuals to engage in such interventions;
their own self-interest and happiness is just one example of
something people might be interested in changing but other
examples could be mental distress, physical activity, and weight.

Although our findings might suggest that userswith highinitial
well-being derive less benefit from OPPIs, it is important to
note that this pattern of findings may or may not generaize
other outcomes not measured in this study. For example, high
well-being users may gain resilience against future stress, or
greater self-efficacy about dealing with future stress, neither of
which is measured in the 2 study samples. In addition, our
analysisislimited to the span of thefirst few months after opting
into an OPPI and is based on no more than a handful of
assessments per individual. Internal data collected by the third
author (A. Parks) reveals that higher well-being users on an
interactive well-being platform must apply more effort to
achieve the same effect as their low well-being counterparts,
and as a result, often take longer to reach the same level of
well-being improvement. It is possible, therefore, that what
appearsto beasmaller effect isjust an effect with longer latency
or one that could be achieved if high well-being users were
offered more activities to use. Finally, both samples offered
participants a constrained selection of activities, which is not
consistent with real-world settings, where users have many
available options and can choose freely between them [45].

Recommendations

A publication by the third author [46] outlines a number of key
ways in which OPPIs and OPPI studies can be improved to
maximize their efficacy and meet the ever-evolving best
practicesin eHealth intervention research. These findings echo
support for those recommendations by demonstrating the
importance of continuing to be engaged with and adherent to
an OPPI long after the OPPI is learnt. Thus, we review here
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those recommendations that are most pertinent to user
engagement and adherence.

Generally, eHealth and mHealth interventions suffer from a
great deal of attrition and interventionists can potentially combat
this by increasing user engagement and allowing free choicein
how one self-improves [46]. The use of Web-based or mobile
platforms also alows for the customization of intervention
content to each user, which increases compatibility and can
subsequently lead to greater intervention adherence [47].
Furthermore, the benefits of practicing an eHealth or mHealth
intervention can be made apparent to the user by using
technology to automatically provide quantitative feedback on
auser’sprogress over time and how they compareto other users.
Although freedom of choice and the provision of feedback can
generate problems for intervention researchers, these are the
types of things that we would expect to be most beneficial to
users in terms of encouraging engagement, retention, and
adherence to the Web-based intervention.

Thereis till agreat deal of work to be donein OPPI research,
and we continueto echo the previous recommendations of Parks
[46] as we offer guidance for this research based on these
findings and their limitations. This analysis goes beyond the
traditional approach of reporting average group differences to
explore how participant outcomes vary across time regardless
of any preconceived notion of how participants should be
grouped, and we have hopefully been successful in
demonstrating the val ue of such an approach in complementing
other OPPI research. Again, attrition is a severe problem in
eHealth research [48], asit isin thisreport, and we recommend
that future investigators commit resources to aggressive email
and phone follow-up with a subset of persons who drop out of
a study to learn if those persons are continuing to use the
intervention and utilize that information in interpreting and
handling missing data. Although we acknowledge that it is
important to observe dropout ratesin naturalistic settings, rather
than artificially driving up retention with monetary incentives,
we nevertheless acknowledge the statistical difficulties that
arise when large numbers of participants are missing and
encourage researchers to think of creative solutions to reduce
dropout and to learn more about those who do drop out.

Conclusions

Persons suffering from moderate to severe depression symptoms
are naturaly attracted by advertisements for Web-based
happiness-promoting intervention studies. This study provides
additional evidence that OPPIs can support lasting benefits
among this type of user, especialy those who show regular
usage. More research is needed using a greater variety of
outcome measures to determine whether the impact is indeed
smaller on high well-being users, or if the benefits conferred
on high well-being users simply are not detectable using the
currently reported outcomes. Partially explaining thisrecovery,
those who continued to practice the activitiesthat they received
in these 2 studies continued to see gains from them 1 and 3
months after the intervention ended. The major contribution of
this paper, however, is the demonstration of a novel approach
within Web-based interventions to investigating long-term
benefits leveraging person-centric analytic methods. Many
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people who might be interested in such resources would likely
be interested in knowing whether such an intervention would
likely benefit them. A better understanding of who benefits
from Web-based interventions might also improve their usein
stepped care programs where low-intensity Web-based
interventions can be offered to those individuals in efforts to

Sanders et al

save cost and improve population health. Considering these
findings, we advocate for the continued study of OPPIs for
depressive symptoms—perhaps as an adjunct to standard
treatments—and to facilitate optimal long-term outcomes, we
encourage the design of OPPIs that maximize continued

engagement and adherence after the intervention is over.
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Abstract

Background: Asinpatient medical rehabilitation serves to promote work ability, vocational reintegration is a crucial outcome.
However, previous Web-based trials on coping with work-related stress have been limited to Web-based recruitment of study
participants.

Objective: Theaim of our study wasto eval uate theimplementation of an empirically supported transdiagnostic psychodynamic
Web-based aftercare program GSA (Gesund und Stressfrei am Arbeitsplatz [Healthy and stress-less at the workplace])-Online
plus into the clinical routine of inpatient medical rehabilitation, to identify characteristics of patients who have received the
recommendation for GSA-Online plus, and to determine hel pfulness of the intervention and satisfaction of the participants aswell
asimprovement in quality of life and mental health status of the regular users of GSA-Online plus.

Methods: GSA-Online plus was prescribed by physicians at termination of orthopedic psychosomatic inpatient rehabilitation.
Participants’ use of the program, work-related attitudes, distress, and quality of life were assessed on the Web.

Results: In 2 rehabilitation centers, 4.4% (112/2562) of rehabilitants got arecommendation for GSA-Online plus during inpatient
rehabilitation. Compared with usual person aftercare, the Web-based aftercare program was rarely recommended by physicians.
Recommendations were made more frequently in psychosomatic (69/1172, 5.9%) than orthopedic (43/1389, 3.1%) rehabilitation
(x?;=11.845, P=.001, Cramér VV=-0.068) and to younger patients (P=.004, d=0.28) with longer inpatient treatment duration
(P<.001, r=-0.12) and extended sick leaves before inpatient medical rehabilitation (P=.004; Cramér V=0.072). Following
recommendation, 77% (86/112) of rehabilitants participated in Web-based aftercare. Compl eters (50/86, 58%) reported statistically
significant improvements between discharge of inpatient treatment and the end of the aftercare program for subjective work
ability (P=.02, d=0.41), perceived stress (P=.01, d=—0.38), functioning (P=.002, d=—0.60), and life satisfaction (P=.008, d=0.42).
Conclusions:  Physicians' recommendations of Web-based aftercare are well accepted by patients who derive considerable
benefits from participation. However, a low rate of prescription compared with other usual aftercare options points to barriers
among physicians to prescribing Web-based aftercare.
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Introduction

Occupational Stressand Work-Related Medical
Rehabilitation

Work-related stress, as observed in one-third of the German
population [1], is an important risk factor for common mental
disorders [2]. Conversely, mental disorders have become the
leading reasons for long-term sickness absence [3] and
premature pension in Germany [4]. The main purpose of
inpatient medical rehabilitationisto restore or promote capacity
to work of rehabilitants. Work-related medical rehabilitation
(WMR) focusing on the workplace situation has been
implemented successfully but needs to be complemented by
work-related aftercare interventions to support rehabilitants
during vocational reintegration [5]. However, evidence hasbeen
mixed. First, studies with intensified work-related orthopedic
rehabilitation aftercare have not proven to be effective compared
to aftercare without a focus on work-related topics [6]. On the
contrary, participation in a graded return to work program
reduced the relative risk of permanent work disability by about
40% as well as the time of welfare benefits owing to sickness
absence compared with matched controls[7]. Yet, participation
in aftercare programsfollowing inpatient medical rehabilitation
islow because of long waiting times, the lack of local aftercare
providers, or incompatibility with family or work commitments
[8,9].

Web-based interventions have been shown to be effective for
abroad range of mental disorders, for example, depression[10],
anxiety disorders[11], pain [12], substance abuse[13], and also
improved physical activity [14] or a healthy diet and weight
reduction [15] or psychosocial support for patientswith chronic
diseases[16]. The mgjority of the German working population
(nearly 90%) is on the Web using the internet daily (72%) [17]
and a substantial part isusing it as a frequent source of health
information (38%) [18]. Thus, Web- and mobile-based
interventions may close gaps in routine care and improve
diagnostics and treatment in medical rehabilitation [19] as
widely accessible and cost-effective interventions [20].

Web-Based Aftercare

Initial results of self-guided Web-based stress management
interventions have been mixed. In a recent meta-analysis for
Web-based interventions, moderate effect sizes were reported
for overall 26 studies in reducing work-related stress (d=0.43,
95% CI 0.31-0.54) [21]. An internet- and mobile-based stress
management program has proven effectivein reducing perceived
stress (d=0.96 posttreatment; d=0.65 6-month follow-up)
compared with awaiting list control group and improved other
relevant parameters of mental health, for example, depression,
anxiety, and emotional exhaustion [22,23]. However, Web-based
interventions when following inpatient medical rehabilitation
are still rare [24] and interventions tested in randomized
controlled trials have rarely been transferred into routine care.

http://www.jmir.org/2019/6/€12285/

We developed a Web-based transdiagnostic aftercare program
(GSA-Online; Gesund und Stressfrei am Arbeitsplatz [Healthy
and stress-less at the workplace]) that aimed at improving
vocational reintegration of rehabilitants after long-term sickness
absence. In our previous randomized controlled tria,
GSA-Online had a statistically significant positive influence on
the subjective prognosis of gainful employment (d=0.13 at the
end of the intervention and d=0.20 at the follow-up 12 months
after study inclusion). Furthermore we could show positive
effects on affective mental distress (eg, d=0.25 for generalized
anxiety or d=0.18 for depressive symptoms at follow-up) of the
rehabilitants participating in the intervention [25] compared to
the participants of an active control group.

Study Aims and Research Question

The aims of this study were (1) to examine whether the further
developed GSA-Online plus can be implemented into routine
care of inpatient medical rehabilitation, (2) to identify
characteristics of patients who have received the
recommendation for GSA-Online plus, and (3) to determine
perceived helpfulness of theintervention and satisfaction of the
participants. With regard to our primary outcome, we
hypothesized that (1) GSA-Online plus would be recommended
as often as other established aftercare programsfor rehabilitants
with a special need for WMR-like psychological treatment,
rehabilitation aftercare, or vocational rehabilitation; (2) at least
66% of the rehabilitantswith arecommendation for GSA-Online
plus would participate and write at least 1 diary entry after
rehabilitation; and (3) completers, that is, regular users with at
least 6 diary entries, would achieve (d) a more positive
subjective prognosis of gainful employment, (b) an increased
quality of life and lower perceived stress, and () an
improvement of emotional distress such as depression and
anxiety at the end of the intervention compared to discharge
from rehabilitation.

Methods

Study Design

The study was conducted in 2 rehabilitation centers treating 3
different medical indications (psychosomatic and orthopedic
rheumatic diseases). Inpatient medical rehabilitation entails a
multimodal group-oriented approach, supplemented by
individual therapy, addressing work ability of rehabilitantswith
chronic (>6 months), somatic, or psychological impairments
[26]. In apre-post design, data collection took place at 14 time
points; after discharge from inpatient rehabilitation, that is, at
the beginning (T1), once a week during (T2-T13; only active
participants), and at the end of the aftercare intervention (T14).

Recruitment of the study was conducted for 10 months between
June 2016 and March 2017. Inclusion criteria were (1)
employment and a plan to return to work within 4 weeks after
inpatient medical rehabilitation, (2) the ability to write in
German language, (3) age between 18 and 59 years, and (4) a
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private internet access. During inpatient rehabilitation, the
treating physician could prescribe the self-explanatory program
by handing out an information lesflet to the patient and
document it as a recommendation [27]. The recommendation
was collected by the study assistant in each clinic who gave
further study information, collected written consent, and gave
access data for GSA-Online plus to the participant.

I ntervention

The intervention GSA-Online plus amed to support
occupationally stressed rehabilitants during their return to work.
In a structured psychodynamic format [28], participants were
instructed to identify and articulate interpersonal and
intrapsychic problems during return to work. Participants got
weekly personalized writing impulses from a trained and
supervised therapist to help them write in the form of a diary
about their experiences of returning to their workplace.
Therapeutic commentaries (usually within 24 hours) to their
Web-based diary entry processed interpersonal and intrapsychic
problems and helped participants deal with their individual
job-related problems and stabilize their working capacity.
Usually, it took 20 to 40 min per week per participant for the
therapist to write an answer to the diary entry and add another
writing impulse. In addition to the previous version
(GSA-Online), educational video clipswere used to familiarize
participants with the program and its features (see Multimedia
Appendices 1-4). For a detailed description of the therapeutic
rationale, see Beutel et al [28].

Measures

Asprimary outcomes, the medical referral rate was documented
(frequency of recommendations of GSA-Online plus) and
participants’ utilization of GSA-Online plus was tracked with
PIWIK (now Matomo [29]), a secure open Web analytics
platform and assessed with self-constructed single items (eg,
“Please indicate how often you have used GSA-Online plus
since the end of your inpatient treatment.”).

In pre- and postmeasurements, the secondary outcome subjective
prognosis of gainful employment was assessed with the
SPE-Scale [30] consisting of 3 items assessing a subjective
rating of future employment until retirement age, theimpairment
of work ability by the current health status, as well as the plan
to apply for a premature pension. The 3 items could be added
up to a score between 0 and 3 with a higher score indicating a
higher risk for premature pension. The capacity to work was
assessed with the short form of the work ability index (WAL),
a 7-item scale with a reliability of apha=.78 in a German
population (eg, “How do you estimate your current work ability
intermsof physical work requirements?’) [31]. Mental disorders
were assessed with different subscales of the German version
of the Patient Health Questionnaire (PHQ-D) by Lowe et al
[32]. Depressive symptoms were assessed with the 9-item scale
PHQ-9 (eg, “Over thelast two weeks, how often have you been
bothered by little interest and pleasure in doing things?’) [33],
with an internal consistency of alpha=.89. Stress symptoms
were assessed with the 10-item stress module PHQ-Stress (eg,
“Over the last four weeks, how often have you been bothered
by worries about health?’ ) [34,35]. Anxiety symptoms were
assessed with the 7-item scale for General Anxiety Disorder
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(GAD-7; eg, “Over the last 2 weeks, how often have you been
bothered by feeling nervous, anxious or on edge?’ , alpha=.92)
[36]. Somatoform symptoms were assessed with the 8 items of
the Somatic Symptom Scale-8 (eg, “During the past 7 days,
how much have you been bothered by stomach or bowel
problems?’, apha=.81) [37] aso based on the PHQ.
Psychosocial stressors were measured with the 4-item short
form of the Perceived Stress Scale (PSS-4; eg, “ In thelast month
how often have you felt you were unableto control theimportant
thingsin your life?’, alpha=.60-.82) [38]. General functioning
was measured with the 3-item Sheehan Disability Scale (eg,
“To what extent do your symptoms impair your functioning in
your social life?’, apha=.89) [39,40], where each item can be
scored from O to 10 resulting in a globa score from 0
(unimpaired) to 30 (highly impaired). Resources were assessed
with the 3-item Oslo Social Support Scale (eg, “How many
people are so close to you that you can count on them if you
have great persona problems?’, apha=.60) [41], with the 4-item
Brief Resilient Coping Scale (eg, “I look for creative ways to
alter difficult situations’, internal consistency r=0.76) [42], with
the Loneliness Scale [43] and with the questions on life
satisfaction, a scale that consists of 2 8-item modules (general
life satisfaction and satisfaction with health, alpha=.82-89) [44].
Patient satisfaction was assessed with the 8-item Client
Satisfaction Questionnaire (eg, “ How would you rate the quality
of the service you have received?’, alpha=.93) [45]. In aweekly
query, participants were asked with 2 items on a 5-point Likert
scale (from O=not at all to 4=very) about their satisfaction with
GSA-Online plus (“How satisfied are you with the feedback of
the online therapist?’ and “How helpful was the feedback of
the online therapist?’) and rated their overall health condition
with 1 item of the German version of the EuroQol Questionnaire
(EQ-5D) [46] (“Your own health status today™”) as well astheir
current work ability with the first item from the WAI [31] also
known asthe Work Ability Score (WAS) [47], each on a Likert
scale from O to 10. At the end of the aftercare program,
participants were asked if and how much they would pay for
GSA-Online plus with self-constructed items.

All questionnaires were assessed with the Web-based survey
platform, SoSci Survey [48], except the weekly assessments
that have been directly implemented in the platform of
GSA-Online plus.

Statistical Analyses

All statistical analyseswere done with IBM SPSS Statistics 23
[49]. Recommendation rates and utilization of GSA-Online plus
were analyzed with cross-sectional analysesand participants of
the Web-based aftercare were compared with the popul ation of
all rehabilitants treated during the recruitment period, using
descriptive statistics (chi-square testsand t tests, Mann-Whitney
U tests if the required assumptions for parametric testing, for
example, homogeneity of variance, were violated). Pre-post
changes were analyzed with per protocol data as secondary
outcomes with longitudinal data analysis (t tests, rmANOVA,
and descriptive statistics). To estimate treatment effects, Cohen
d was cal culated for the comparison of mean scoreswith t tests,
Cramér V for chi-squaretests and the effect sizer was calculated
for the comparison of median scores with the Mann-Whitney
U test.
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For the weekly assessment of the general health status and the
subjectively rated ability to work, missing data were replaced
by the last observation carried forward (LOCF) procedure. To
analyzeimprovement acrosstime, arepeated measuresanalysis
of variance was conducted.

Ethics Approval

The study protocol was approved by the Ethics Committee of
the Federal State of the Rhineland Palatinate (Approval Number:
837.175.16(10494)).
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Results

Recommendation Rates for GSA-Online plus

Of the 2562 rehabilitantsin 2 rehabilitation centers, 112 (4.4%)
got a recommendation for GSA-Online plus during inpatient
rehabilitation, which was significantly lower than the referral
rate to other face-to face aftercare interventions (Table 1).
Recommendation rates were higher in psychosomatic
rehabilitation, where psychological treatments were routinely
recommended in 88% (1030/1147) versus 8% (117/1147) after
orthopedic rehabilitation. Rehabilitation aftercare was more
frequently prescribed in orthopedic (500/1389, 36%) than in
psychosomatic rehabilitation (89/1172, 8%). A total of 11%

(291/2561) received recommendations of  vocationa
rehabilitation.
Table 1. Recommendation rates at discharge for aftercare in total and in the 2 rehabilitation centers.
Aftercarerecommendation  Psychosomatic rehabilitation  Orthopedic and rheumatoid ~ Total (N=2561), X2 1 Pvalue d Cramér V
center (n=1172), n (%) rehabilitation center n (%)
(n=1389), n (%)

GSA-Online plus 69 (5.9) 43(3.1) 112 (4.4) 11845 .001 014 -0.068
Psychological Treatment 1030 (87.9) 117 (8.4) 1147 (44.8) 162345 <.001 2.63 -0.796
Rehabilitation aftercare 89 (7.6) 500 (36.0) 589 (23.0) 28057 <001 071 0.336
Vocationa rehabilitation 123 (10.5) 168 (12.1) 291 (11.4) 1.616 .20 0.05 0.025

Patients Characteristics Associated With GSA-Online
plus Recommendation

Rehahilitants who were recommended GSA-Online plus were
younger (mean 47.67 [SD 9.97] vs mean 50.31 [SD 9.5],
ty550=2.865, P=.004, d=0.28) and had longer rehabilitation
treatments (median 35 days vs median 28 days, U=182642.00,
P<.001, r=-0.12). Furthermore, they reported longer work
disability before inpatient rehabilitation (P=.004), and were
more often (marginally significant, P=.07) considered able to
work at discharge than rehabilitants who did not receive a
recommendation (Table 2).

Of the 112 rehabilitantswith arecommendation for GSA-Online
plus, 77% (86/112) gave written informed consent and registered

http://www.jmir.org/2019/6/€12285/

on the Web to participate in GSA-Online plus. From these,
58.1% (50/86) wrote at least 6 (completers) and 41.9% (36/86)
less than 6 diary entries (dropouts). Multimedia Appendix 5
shows the distribution of the number of diary entries. Dropouts
wrote an average of amost 3 diary entries (mean 1.53, [SD
1.72]), completerswrote 10 diary entries (mean 10.34 [SD 2.00];
tgy =—21.4, P<.001, d=—4.68). Two-thirds of completers (66.0%0)
wrote 11 or 12 diary entries.

Completers were older (mean 49.36 [SD 9.04] vs mean 45.14
[SD 10.49], tg,=—1.998, P=.049, d=0.44) and more often female

(74.5% vs 50%, x?,=4.638, P=.003) than dropouts. Further
sociodemographic variables revealed no significant differences
between completers and dropouts.
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Table 2. Sociodemographic characteristics (T1: baseline): comparison of rehabilitants with and without recommendation for GSA-Online plus.

Sociodemographic characteristics
(n=112), n (%)

With recommendation

Without recommendation
(n=2449), n (%)

Total (N=2561), n (%)

wa
Male 45 (40.2)
Female 67 (59.8)
Marital status®
Partnership 60 (53.6)
No partnership 47 (42.0)
Unknown 5(4.5)
Inability to work beforeinpatient admission®
No inability or not employed 11(9.8)
3 months or less 52 (46.4)
3to 6 months 29(25.9)
6 months or more 20(17.9)
Work ability at discharged
Able to work 67 (59.8)
Unable to work 44 (39.3)
Unknown 1(0.9

1067 (43.6) 1112 (43.4)
1382 (56.4) 1449 (56.6)
1525 (62.3) 1585 (61.9)
768 (31.4) 815 (31.8)
156 (6.4) 161 (6.3)
347 (14.2) 358 (14.0)
1061 (43.3) 1113 (43.5)
370 (15.1) 399 (15.6)
671 (27.4) 691 (27.0)
1203 (49.1) 1270 (49.6)
1196 (48.8) 1240 (48.4)
50 (2.0) 51(2.0)

22 20,501, P=.50, Cramér V=0.014.
By2,=5.713, P=.06, Cramérs V=0.047.
©x%3=13.295, P=.004, Cramérs V=0.072.
dy2,=5.20, P=.07, Cramérs V/=0.045.

Effectiveness of GSA-Online plus and Participants
Satisfaction

In Figure 1 the weekly ratings of work ability and subjective
health status are displayed. Missing datawere replaced with the
last observation carried forward method.

A statigtically significant improvement could be observed for
the subjective rated work ability assessed with the WAS
(F11,750=3.808, P<.001) but not for the subjective health status

assessed with 1 item of the EQ-5D (Fy; 750=3.928, P=.22).

Satisfaction with GSA-Online plus was generally high. 43.5%
(20/46) werelargely and 45.7% (21/46) were very satisfied with
GSA-Onlineplusoverall and thelevel of support was aso rated
very positive. In total, 47.8% (22/46) were largely and 32.6%
(15/46) were very satisfied with the help they got.

As displayed in Multimedia Appendix 6, for the weekly
monitoring of satisfaction and rated helpfulness of the
therapeutic feedback, arepeated measures analysis of variance

http://www.jmir.org/2019/6/€12285/

was caculated. A satisticaly significant improvement
(Multimedia Appendix 6) could be observed for the satisfaction
with the feedback from a Web-based therapist (Fy; 176=2.005,
P=.03) as well as for the subjectively rated helpfulness
(F11176=2.919, P=.001)—both assessed weekly with 1 item on
aLikert scalefrom Oto 4. For the purpose of sensitivity analysis,
data of participants (N=17) who wrote 12 diary entries were
analyzed separately leading to a clear increase of satisfaction
and helpfulness (Multimedia Appendix 7).

Table 3 shows secondary outcome measures for regular users
of GSA-Online plus (completers). Statistically significant
improvements could be observed between discharge from the
rehabilitation center and the end of the aftercare program (ie, 3
months after discharge) for subjective work ability as assessed
by the WAI (P=.02, d=0.41), perceived stress assessed with the
PSS-4 scale (P=.01, d=-0.38), functioning assessed with the
SDS (P=.002, d=—0.60), and life satisfaction (P=.008, d=0.42).
The other symptom scales scores remained stable and did not
change between discharge and the follow-up assessment.
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Figure 1. Means of the subjective health status and subjective work ability, assessed in the course of the aftercare from T2 to T13. Subjective health
status was assessed with the EuroQoL-5D single item “How good or bad is your health status today?’ 0O=worst imaginable health; 10=best imaginable
health. Subjective work ability was assessed with the Work Ability Score “Current ability to work in comparison with the best, ever reached ability to
work”; (range 0-10). N=70, missing data replaced with last observation carried forward.
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Table 3. Secondary outcome measures of completers of GSA-Online plus at discharge from inpatient medical rehabilitation (T1) and at the end of

aftercare (T14).

Secondary outcomes T12 mean (SD) T14P, mean (SD) P value® Effect size (d)¢
Prognosis of gainful employment (n=44) 0.909 (1.007) 0.932 (0.998) .82 0.03
Work ability (n=44) 25.080 (5.968) 27.125 (7.030) 028 0.41
Depression (n=46) 9.565 (4.420) 8.870 (4.400) 17 -0.21
Anxiety (n=46) 7.348 (4.132) 7.587 (4.203) 66 0.07
Somatic symptom (n=45) 11.667 (6.142) 11.733 (5.618) 90 0.02
Psychosocial stress (n=46) 7.396 (3.655) 7.913 (3.601) .26 0.17
Perceived stress (n=44) 7.955 (1.976) 7.136 (2.339) o1¢ -0.38
General functioning (n=44) 22.386 (5.406) 18.318 (7.398) 002f -0.60
Loneliness (n=44) 7.727 (3.022) 7.144 (3.166) 46 -0.27
Social support (n=44) 9.272 (2.386) 9.386 (2.315) 60 0.08
Coping (n=43) 14.047 (3.280) 14.907 (3.069) .09 0.16
Life satisfaction (n=43) 25581 (5.261) 26.814 (5.193) 0osf 0.42

%Baseline.
bENnd of intervention.

Ct-test for dependent samples; statistically significant differences are italicized.

dd: Cohen d.
Significant at P<.05.
fSignificant at P<.01.

Of the 46 participants who completed the Web-based
guestionnaire at measurement T14, the majority (27/46, 58.7%)
watched at least one of the educational video clips but also
amost half (19/46, 41.3%) had not seen any of the films. The
main reasonsfor not watching any filmswere that the existence
of the films was unknown to the participants (8/19, 42%),
participants did not use any other features of GSA-Online plus
besides the Web-based diary (5/19, 26%) or reported alack of
time (5/19, 26%). Intotal, 77% (23/30) of the participants who
answered questions about video use assessed the films as a
positive contribution to the comprehensibility of GSA-Online
plus.

Finally, the willingness of participants to pay for GSA Online
Pluswas assessed at T14. Participantswere asked if they would
bewilling to pay for GSA-Online plusand how much they would
pay if they were required to pay. Of the 46 participants who
answered thefirst question, 37% (17/46) said they werewilling
to pay for GSA-Online plus and 40 participants reported to pay
in average (mean) 174.25 Euro (SD 292.2, Min 0, Max 1500).

Discussion

Principal Findings

Inpatient medical rehabilitation serves to promote work ability
and vocational reintegration is a crucial outcome. Although
previous Web-based trials have improved coping with
work-related stress [23] or showed that Web-based aftercare
could successfully maintain effects of inpatient treatment [50],
information on implementation processes are missing because
previous Web-based interventions have been conducted under

http://www.jmir.org/2019/6/€12285/

study conditions, and participants were usually recruited on the
Web. The purpose of the trial was to evauate the
implementation of a\Web-based aftercare program (GSA-Online
plus) during inpatient medical rehabilitation.

As we had hypothesized, it was feasible to implement the
program, and the great mgjority who received the
recommendation (86/112, 77%) actually logged into the
program, slightly exceeding our expectations. Among those
who started writing blogs, subjective or perceived rated work
ability increased over the course of their participation.
Satisfaction with Web-based aftercare was generaly high.
Acceptance was good with 43.5% (20/46) of the participants
being largely and 45.7% (21/46) very satisfied with GSA-Online
plus overal and the level of support was aso rated very
positively with 47.8% (22/46) of the participants being largely
and 32.6% (15/46) very satisfied with the help they received.
Contrary to our hypotheses, subjective health status did not
increase significantly. However, therewas asignificant increase
of subjective work ability, general functioning, as well as life
satisfaction and adecrease of subjective stress. Especialy, work
ability and functioning are major issues in rehabilitation;
therefore, a stabilization of these factorsisagood indicator that
our aftercare intervention had a focus on the right topics.
Unfortunately, no change was found regarding mental distress
for the completers of the intervention with a per protocol
analysis. An explanation could be, that mental distress was not
so high in this sample, with not only psychiatric but also
orthopedic main diagnoses, therefore, animprovement was hard
to detect in the relatively small sample we could includein our
pre-post analyses.
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However, unexpectedly, the referral rate by the physicians of
about 4% was substantially lower than all face-to-face aftercare
offers and there was also a lot of individual variation among
physicians. Recommendations were made more frequently in
psychosomatic (5.9% [69/1172]) than orthopedi ¢ rehabilitation
(3.1% [43/1389]) and more often to younger patients with
extended sick leaves and lengthy inpatient stays. This finding
coincides with the results of Hennemann et al [51], showing
clear preconceptions and barriers regarding Web-based contact
among rehabilitation staff, concerning disruption of face-to-face
therapeutic alliance and a lack of sufficient data security in
Web-based aftercare interventions.

Owing to the low proportion of recommendations, we asked
members of the treatment team of the rehabilitation centersin
a Web-based survey at the end of the study for their subjective
criteriaand frequencies of recommendation of GSA-Online plus.
Unfortunately, only a few members (N=19) of the treatment
team took part in this assessment and the biggest part (8/19,
61.5%) madelessthan 10 referralsfor GSA-Online plus, whereas
23.1% (3/19) referred 11 to 20 and 15.4% (2/19) more than 20
rehabilitants. Members of the treatment team were informed
about GSA-Online plus in a one-time on-site training and an
informational paper that was accessible to all throughout the
study. One explanation for a different referral rate between
different team members could well bethat especially thosewho
did not attend the training did not make so many
recommendations. Data we have on this point at least suggest
that there was a trend that referral rate of those who did not
attend the training was somehow lower than of those who
attended the training. Asked, whether Web-based interventions
could be a useful supplement or substitute for regular
face-to-face interventions the majority (8/19, 42.1%) answered
that they could be a useful supplement but no one rated them
as a substitute to usual care.

Our finding is of special interest, because the 121st German
congress of physicians has recently lifted the ban on remote
treatment [52]. Furthermore, the German statutory pension
insurance scheme recently developed requirements for the
implementation of tele medical aftercare programsinto routine
care[53].

Previously, reservations towards occupational e-mental health
interventions were also found in patients, especially in the risk
groups the interventions were planned for [54]. In spite of the
low recommendation rate, the intervention has shown promise
in participants. Thus, physicians are in a prime position to
provide access to and motivate their patients for sustained
participation in these programs. Our findings implicate that 2
steps should be pursued in the future: (1) Awareness about the
benefits of Web-based interventions in routine care and their
compatibility as an adjunct to face-to face aftercare are required
to promote openness in the treatment team to recommend, and
to increase referral rates for innovative interventions. (2)
Physicians need to be instructed about their patients
reservations to sign up for Web-based support and enabled to
help their patients initiate and maintain their engagement in
suitable Web-based programs.

Zwerenz et a

Limitations

Limitations of our study were that we had no control group to
analyze efficacy in a routine care setting and that we did not
reach our anticipated sample size, because of the much lower
referral rate than expected. It also may be debated if logging in
once isasufficient criterion for participation.

The LOCF method for imputing missing data is not the gold
standard but seemed sufficient in this small sample, especialy
asefficacy only wasasecondary research question. Furthermore,
the multiple comparisons within our secondary research
guestions are to be considered as alimitation. After adjustment
for multiple testing, only general functioning will remain as a
significant improvement after participating in GSA-Onlineplus.

Unfortunately, we did not ask participants about advantages of
Web-based interventions but we asked them about their digital
competencies. Two-thirds of the participants rated their
knowledge of using digital media (eg, PC, smartphone, and
tablet) as mediocre to rather good. Overall, the attitude toward
the internet was positive, but one-third also stated that they feel
burdened by the constant availability viamobile phone or email.

Hence, future implementations should focus more on
collaborating with staff and clinicians in rehabilitation clinics
to address potential prejudices and barriers to Web-based
aftercare. On the patient side, it is important to address
advantages and disadvantages of Web-based interventions to
improve acceptance for internet- and mobile-based interventions.

Conclusions

Web-based psychological aftercare proved to be effective to
reduce treatment gaps after inpatient medical rehabilitation but
only for alimited number of rehabilitants. GSA-Online plushas
been provided as a Web-based aftercare that offersall inpatient
medical rehabilitation patients with occupational exposure,
mental comorbidity, and an intentional timely return to work
the opportunity to be promoted and assisted with professional
reintegration by trained psychol ogists. Once arecommendation
for GSA-Online plus was given from the physician in routine
care, it could lead to asignificantly higher participant motivation
and adherence than in a controlled efficacy study. Outcome
criteria on which the Web-based aftercare focuses (ability to
function, work ability, general state of hedth, and life
satisfaction) will improve even further in the course of
follow-up, compared with the state of health at the end of
inpatient rehabilitation. Motivation of rehabilitants and attitudes
of the treatment team toward Web-based interventions are
essential to improveimplementation/recommendation rates. An
important question for future research could be how Web-based
interventionsfor rehabilitants with work-related problems could
be optimized or supplemented to reach more rehabilitants. As
the return to work isamajor issuein rehabilitative treatment in
Germany, a more practical oriented intervention with a more
social work-driven focus could possibly close this gap and
continue the multidisciplinary treatment approach that is already
one main characteristic of inpatient medical rehabilitation in
Germany.
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Abstract

Background: Web-based cessation programs are now common for intervening with smokers. However, it remains unclear how
acceptable or effective these interventions are among people with affective disorders and symptoms (ADS; eg, depression and
anxiety). Research examining thisis extremely limited, with mixed results on cessation rates. Additional large studies are needed
to more fully understand whether Web-based interventions are similarly used and equally effective among people with and without
affective disorder symptomology. If not, more targeted Web-based interventions may be required.

Objective: The goa of the research was to compare Web-based treatment acceptability (defined by satisfaction and use) and
12-month cessation outcomes between smokers with and without ADS.

Methods: Participants (N=2512) were adult smokersenrolled in arandomized, comparative effectivenesstrial of two Web-based
smoking interventions designed for the general population of smokers. At baseline, participants reported demographic and smoking
characteristics and completed measures ng ADS. Participants were then classified into subgroups based on their self-reported
ADS—either intoano ADS group or into six nonmutually exclusive subgroups:. depression, posttraumatic stressdisorder (PTSD),
panic disorder (PD), generalized anxiety disorder (GAD), social anxiety disorder (SAD), and more than one ADS. Surveysat 12
months postrandomization included subjective ratings of treatment acceptability and self-reported smoking cessation. Treatment
use (ie, number of log-ins and total duration of exposure) was assessed via automated records.

Results: Relative to the no ADS group, all six ADS subgroups reported significantly greater satisfaction with their assigned
Web treatment program, but they spent less time logged in than those with no ADS. For number of log-ins, a treatment arm by
ADS group interaction was observed across all ADS subgroups except GAD, suggesting that relative to the no ADS group, they
logged in less to one website but not the other. At the 12-month follow-up, abstinence rates in the no ADS group (153/520,
29.42%) were significantly higher than for participants who screened positive for depression (306/1267, 24.15%; P=.03), PTSD
(294/1215, 24.19%; P=.03), PD (229/1003, 23.83%; P=.009), and two or more ADS (323/1332, 24.25%; P=.03). Post hoc analyses
suggest the lower quit rates may be associated with differences in baseline nicotine dependence and levels of commitment to
resist smoking in difficult situations. Website use did not explain the differential abstinence rates.

Conclusions: Despite reporting higher levels of treatment satisfaction, most smokers with ADS used their assigned intervention
less often and had lower quit rates than smokers with no ADS at treatment onset. The results support the need for devel oping
more targeted interventions for smokers with ADS.
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Introduction

With lifetime prevalence rates ranging from 16.6% to 28.8%,
affective disorders such as depression and anxiety are among
the most common mental health conditionsin the United States
[1]. Epidemiological data indicate that individuals with these
disorders, as well as those with elevated symptoms of anxiety
or depression that do not meet a diagnostic threshold, have
significantly higher prevalence rates of smoking and are less
likely to successfully quit than those without such conditions
or symptoms|[2-6]. Asaresult, smokerswith affective disorders
and symptoms (ADS) account for disproportionate rates of
tobacco-related deaths and diseases [7,8], and ongoing efforts
are needed to improve cessation rates among this at-risk group
of smokers.

One way to increase rates of cessation among smokers with
ADS is to make trestment more accessible. This can be
accomplished with interventionsthat are low-burden, low-cost,
and high-reach, including Web-based interventions. Indeed,
each year an estimated 12 million smokers ook online for help
to quit smoking [9]. In the general population of smokers,
Web-based interventions demonstrated similar levels of
effectiveness as more traditional trestment modalities such as
face-to-face and telephone-delivered interventions in a recent
meta-analysis [10]. However, there is a paucity of research
examining the acceptability and effectiveness of these
nontargeted interventions for individuals exhibiting ADS, who
may have unique needs not addressed in Web-based
interventions designed for the general population. Resultsfrom
the few Web-based intervention studies reporting smoking
cessation outcomes for individuals with ADS have yielded
mixed findings with regard to their effectiveness for cessation.
Of the two studies that examined anxiety, one demonstrated
that individuals with greater levels of anxiety were less likely
to quit and more likely to relapse compared with their less
anxious counterparts at 4-week follow-up [11], whereas the
other did not find a relationship between anxiety and quitting
smoking at 3-month follow-up [12]. In addition, neither study
examined how anxiety influenced long-term quit rates, both
studies had low rates of outcome dataretention, and both studies
used broad measures of anxiety rather than comparing outcomes
among different types of anxiety disorders or symptom
categories. Thus, additional research addressing these limitations
is needed. With regard to the impact of depression on smoking
cessation when using Web-based interventions, two studies
have demonstrated that 13-month quit rates were significantly
lower among individuals with current depressive symptoms
versusthose with no depression [13,14]. However, three studies
have demonstrated that current depressive symptoms were not
associated with smoking cessation at 3 months [12,15] or 12

https://www.jmir.org/2019/6/€13500/

months [16]. In short, it remains unclear whether standard
Web-based smoking interventions (ie, those not targeted for
special populations) areless effective for individualswith ADS.

Based on research with other (non-Web) treatment modalities,
one might expect that standard Web-based interventions would
be less effective for smokers with ADS relative to those who
do not have this symptomology [5,17-20] or at least less
effective for some types of ADS. For example, because
individualswith social anxiety disorder often avoid interactions
with others due to fears about being negatively evaluated,
socially anxious smokers may respond well to Web-based
treatments, as they would provide access to an evidence-based
intervention without needing to interact with other smokers or
providers directly. On the other hand, smokers with affective
disorders associated with various degrees of cognitive
impairment (eg, poor concentration), such as depression or
posttraumatic stress disorder (PTSD), may not respond as well
to self-guided, stand-alone Web-based interventions. Examining
such disorder-specific differentiations in smoking outcomes
remains unexplored in the literature, but having a greater
understanding how specific ADS and comorbid affective
symptomology are associated with treatment satisfaction, use,
and outcome could enhance future efforts to develop more
effective interventions for these.

To best guide these targeted treatment development efforts, it
is important to understand how smokers with different ADS
respond differentially to Web-based cessation programsrel ative
to smokers without ADS. Thus, the primary goal of this study
was to compare treatment acceptability, defined both by
self-reported satisfaction and treatment use, and 12-month
abstinence rates among smokers with and without symptoms
of one or more common affective disorders (depression, social
anxiety disorder [SAD], generalized anxiety disorder [GAD],
panic disorder [PD], and PTSD). All participants were recruited
as part of a prior comparative effectiveness trial of two online
interventions, each targeting the general population of smokers
and testing two different Web-based interventions [21]. This
paper is a secondary analysis of data collected from this
randomized controlled trial (RCT). We hypothesized that,
regardless of the assigned Web-based treatment program,
smokers with ADS at treatment onset would have less
satisfaction, lower levels of engagement, and lower cessation
rates than smokerswith no ADS and aimed to determineif there
is evidence of differential outcomes that are disorder-specific.

Methods

Overview

A comprehensive description of study methods can be found
in the main outcomes paper [21]. In brief, participants were
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2512 of the 2637 adult smokers from all 50 states enrolled in
the parent RCT, which compared the effectiveness of two
Web-based smoking cessation programs [NCT01812278]. For
the purposes of these analyses, the analytic sample was limited
to participants who had complete data on at least one screening
measure ng affective disorder symptomology (see below
for more details on these measures). To be dligiblefor the parent
trial, participants had to (1) be 18 years of age or older; (2)
smoke 5 or more cigarettes per day for thelast year; (3) express
a desire to quit smoking within 30 days; (4) have access to
high-speed internet, including access to email; (5) not be
participating in other smoking interventions or treatments; (6)
never have used the control intervention, Smokefree.gov; (7)
never have participated in one of our previous smoking studies,
(8) not have another member in their household participating
in the study; (9) express a willingness to be randomized to
treatment, complete 3 follow-up surveys, and provide contact
information for themselves and two relatives; (10) reside in the
United States;, and (11) be able to read in English. After
completing the informed consent and baseline survey online,
participants were randomized to one of two Web-based
programs based either on acceptance and commitment therapy
(ACT) or standard care (the National Cancer Institute’'s
Smokefree.gov website). The ACT-based website presented
content in a sequential manner through four phases and
prompted users to track their smoking each day. The
Smokefree.gov website had three main sections and users could
navigate through all pages of the website freely with no
restrictions on the order in which content had to be viewed.
Participants had access to their assigned interventions for 12
months and received up to 4 messages per day for 28 days (via
text or email) designed to encourage website use. Outcome
surveys were completed a 3, 6, and 12 months
postrandomization. The 12-month data retention rate was 88%,
and neither treatment arm [21] nor mental health status predicted
retention [22]. Further details on the recruitment and retention
methods can be found elsewhere [22].

M easures

Baseline Demographics, Smoking, and Smoking-Related
Characteristics

At baseline, participants reported demographic characteristics
including age, gender, race and ethnicity, marital status,
education, employment status, and sexual orientation. Level of
nicotine dependence was assessed using the Fagerstrom Test
for Nicotine Dependence (FTND) [23]. Scores on the FTND
range from O to 10, with higher scores representing greater
nicotine dependence. Participants also completed the
Commitment to Quitting Smoking Scale (CQSS) [24] as a
measure of their commitment to resist smoking in the face of
difficulties, cravings, and negative affect; scores on the CQSS
range from 1 to 5, with higher scores representing greater
commitment to resist smoking. Smoking-specific experiential
avoidance, or the tendency to smoke cigarettes in order avoid
the experience of cigarette cravings, was measured with the
physica sensations subscale [25] of the Avoidance and
Inflexibility Scale (AlS) (adapted from Gifford et al [26]), which
yields scoresranging from 1 to 5, with lower scoresrepresenting
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a greater avoidance of physical sensations that cue smoking.
Participantswere a so asked to report on their use of e-cigarettes.

Symptoms of Depression and Anxiety Disorders

To assessfor elevated level s depression and anxiety, participants
completed validated self-report screening instruments for five
common affective disorders. Symptoms of depression were
assessed with the Center for Epidemiol ogic Studies Depression
scale using the recommended score of =16 to indicate elevated
symptoms [27]. Elevated symptoms of PTSD were indicated
by the recommended score of =14 onthe 6-item PTSD Checklist
[28]. The Autonomic Nervous System Questionnaire was used
to assess symptoms of PD; elevated PD symptoms were
indicated if participantsreported having =1 panic attackswithin
the past month with at |east one occurring in asituation in which
they were not in danger or the center of attention [29]. A score
of 210 on the 7-Item Generalized Anxiety Disorder scale [30]
indicated elevated symptoms of GAD. Finally, a score of =6
the Mini-Social Phobia Inventory [31] indicated elevated
symptoms of SAD.

Smokers who screened positive for one or more affective
disorders were classified into six nonmutually exclusive
subgroups based on their baseline affective disorder
symptomology: depression, PTSD, PD, GAD, SAD, and more
than one affective disorder. Thus, these participants could be
classified into more than one ADS subgroup. Participants who
did not screen positive for any affective disorder listed above
were categorized as not having elevated symptoms of any
affective disorder (No AD).

Treatment Acceptability: Satisfaction and Use

Asasubjective measure of treatment acceptability, participants
answered three treatment satisfaction questions at the 3-month
follow-up survey (eg, How useful did you find your assigned
website?). Response optionsranged from 1 (not at all) to 5 (very
much), with a score >2 (ie, somewhat or more) indicating
participant satisfaction. Additionally, website engagement over
the 12-month period was calculated from data automatically
logged by the secured server as indices of two objective
measures of treatment acceptability—number of log-ins (primary
use outcome) and total minutes spent on the website (secondary
use outcome). We qualified user activity occurring more than
15 minutes after the last instance of activity as anew log-in.

Cessation Outcomes

Consistent with primary cessation outcomes reported in the
parent trial, the primary cessation outcome for this study was
self-reported 30-day point prevalence abstinence (PPA) (no
smoking, not even a puff in the last 30 days) at 12 months
postrandomization analyzed using acompl ete case methodol ogy.
The secondary cessation outcome also used 30-day PPA but
with missing values imputed as smoking. Biochemical
confirmation was not used in accordance with recommendations
for ng smoking statusin large, popul ation-based cessation
trials in which there is no face-to-face contact and the demand
characteristics for false reporting are minimal [32].
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Statistical Analysis

For descriptive purposes, baseline characteristic variables of
participants with ADS (each diagnostic group considered
separately) were examined and compared against the no AD
group using chi-squaretestsfor categorical variablesand t tests
for continuous variables. L ogistic regression models were used
to evaluate differences in treatment satisfaction and cessation
outcomes between each diagnostic group and the no AD group.
Negative binomial models were used to evaluate differencesin
website use between groups. Models included variables used
in stratified randomization for the main tria (ie, gender,
education, and smoking more than 20 cigarettes per day),
treatment arm, and treatment arm by diagnostic group
interactions were considered. Nonsignificant interaction terms
were dropped from final models. Analyses were completed
using R version 3.4.2 (The R Foundation) and R package MASS
[33], and all statistical tests were two-sided with alpha=.05.

Results

Participant Symptomology

Of the 2512 participants who provided sufficient data on the
screening measuresto establish whether the screen was positive
or negative, the majority (1938/2512, 77.15%) screened positive
for at least one affective disorder at baseline. Of those, the
majority screened positive for depression (1470/1938, 75.85%),
followed by PTSD (1383/1938, 71.36%), PD (1145/1938,
59.08%), GAD (903/1938, 46.59%), and SAD (797/1938,
41.25%). Additionally, as can be seen in Table 1, most of these
participants screened positive for more than one affective
disorder. Overall, 15.18% (355/2339) screened positive for one
affective disorder, 13.59% (318/2339) screened positive for
two, 16.76% (392/2339) screened positive for three, 15.01%
(351/2339) screened positive for four, and 14.92% (349/2339)
screened positive for all five affective disorders assessed in the
study, suggesting high levels of elevated affective
symptomology overall.

Baseline Characteristics

The baseline characteristics of al groups can befound in Table
2. Participants with ADS differed from those without ADS in
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a number of ways on demographic and smoking variables.
Compared to smokers without ADS, al ADS subgroups were
significantly younger, less educated, and morelikely to identify
asasexual minority (ie, lesbian, gay, or bisexual). Some groups
(GAD, SAD) comprised agreater proportion of women, and all
ADS subgroups except the PD subgroup were less likely to be
married. No differences were found between groups regarding
race or ethnicity. Relative to the group without ADS, all ADS
subgroups had significantly greater levels of nicotine
dependence (all P<.001), avoidance of physical sensations that
cue smoking (eg, urges) (all P<.001), and lower commitment
to quitting scores (all P<.001).

Treatment Acceptability

Ascan be seen in Table 3, some differences emerged regarding
subjective treatment acceptability ratings and objective website
use data between those with and without ADS. Contrary to our
predictions, relative to those who did not screen positive for
any affective disorder, all ADS subgroups reported significantly
greater satisfaction with their assigned website. Although
differences in ratings of the other two indices of treatment
acceptability (ie, usefulness of assigned website, whether or not
they would recommend the website to a friend) were not
significantly different, they were in the same direction such that
those with ADS reported greater acceptability. No treatment by
symptom group interaction was significant.

With regard to objective website use data, our hypotheses were
partially supported. Relative to the no ADS group, the GAD
group logged in to their assigned website significantly fewer
times (P<.001). For al other symptom groups, there were
significant treatment by symptom group interactions such that
each ADS group logged in to the Smokefree.gov website
significantly fewer timesthan the no ADS group. No significant
differencesin number of log-ins between groups were foundin
the ACT-based arm. All symptom subgroups spent significantly
lesstimelogged into their assigned website compared with the
no ADS group, and no treatment by symptom group interaction
was significant.

Table 1. Freguency and proportion of participants screening positive for multiple affective disorders.

ADS subgroups Depression (n=1470), PTSD? (n=1383), PDP (n=1145), GAD® (n=903), sAD! (n=797),

N (%) N (%) N (%) N (%) N (%)
Depression — 1152/1378 (8359)  854/1143(74.72)  836/900 (92.89) 697/795 (87.67)
PTSD 1152/1450 (79.45) — 836/1144 (73.08)  796/900 (88.44) 664/796 (82.42)
PD 854/1343 (63.59) 836/1285 (65.05) — 597/847 (70.48) 479/733 (65.35)
GAD 836/1364 (61.29) 796/1375 (57.89) 597/1139 (52.14)  — 506/796 (63.57)
SAD 697/1468 (47.48) 664/1382 (48.05) 479/1145 (41.83)  506/902 (56.10) —

3PTSD: posttraumatic stress disorder.
bpp: panic disorder.

CGAD: generdized anxiety disorder.
dSAD: social anxiety disorder.
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Table 2. Baseline characteristics by affective disorder symptomology group.

Characteristics Comparison Affective disorder symptomology subgroup
group (no Depresson  prgpP PDC GADY SAD® 2+ ADS
ADS% n=574)
(n=1470)  (n=1383)  (n=1145)  (n=903) (n=797) (n=1529)
Demographics
Agein years, mean (SD) 49.1(13.0) 4451359 435(132)9 439(13.1)9 423(134)9 433(13.4)9 43.9(13.3)°
Female, n (%) 441 (76.8) 1181(80.34) 1096(79.25) 916(80.00) 734(g1.28) 653(8L.93) 1226(80.18)
Caucasian, n (%) 413 (71.9) 1051 (71.49) 962 (69.56) 813(71.00) 633(70.09) 559 (70.14) 1079 (70.57)
Hispanic, n (%) 43 (7.5) 134(9.12) 137(9.91) 107(9.34) 96(10.63) 80(10.04)  148(9.68)
Married, n (%) 232 (40.4) 494 (33.61)" 473 (34.20) 423(36.94)  315(34.88) 255(31.99)" 533 (34.86)
< HY education, n (%) 121(21) 454(30.88)9 415(30.00)9 330(28.82)9 286(31.67)% 266(33.38)Y 466 (30.48)9
LGB, n (%) 40 (6.9) 168 (11.43)" 159 (11.49)" 139 (12.14)" 115(12.74)% 93 (11.67)" 175(11.45)"
Smoking variables
FTND', mean (SD) 54(2.3 58(21)¢ 58(22¢ 5829 5919 59219 58(229
>20 cpd™ n (%) 174(30.3) 520 (35.37) 468(3384) 388(3389) 307(3399) 268(3362) 518(33.89)
Past month e-cigarette use, n (%) 179 (31.2) 532 (36.19)i 506 (36.59)i 413(36.07) 323(35.77) 287(36.01) 553 (36.17)i
CQSS", mean (SD) 4.2(0.7) 39(08¢ 39(08¢Y 40089 40(0.8°9 3.9(0.8)¢ 3.9(0.8)¢
AlS-sensations®, mean (SD) 31(0.5) 29059 280049 280049 28049 28(04¢Y 28(0.4)°

8ADS: affective disorders and symptoms.

bpTSD: posttraumatic stress disorder.

PD: panic disorder.

dGAD: generalized anxiety disorder.

€SAD: socia anxiety disorder.

f2+ ADS: screened positive for 2 or more affective disorders.
9P<.00L.

hp< 01.

'P<.05.

IHS: high school.

KLGB: identify aslesbian, gay, or bisexudl.

IFTND: Fagerstrom Test for Nicotine Dependence.

Mepd: cigarettes per day.

NCQSS: Commitment to Quitting Smoking Scale.
OAIS-sensations: Avoidance and I nflexibility Scale-sensations subscale.
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Table 3. Treatment acceptability (subjective and objective indices) by affective disorders and symptoms group.
Outcome variable Comparison Affective disorder symptomology subgroup
group (no Depresson  prgpP PDP GADY SAD® 2+ ADS
ADSY
Subjective, n/N (%)
Satisfied with website 359/473 938/1123  910/1090  734/891 598/699 540/640 991/1184
(75.89) (83.53)9 (83.48)9 (82.38)" (85.55) (84.38)9 (83.69)9
Website useful for quitting 334/483 835/1162  829/1126  664/918 527/714 487/654 892/1221
(69.15) (71.86) (73.62) (72.33) (73.81) (74.46) (73.05)
Would recommend websitetofriend  369/409 957/1021  920/986 738/793 604/638 537/575 1008/1079
(90.22) (93.73) (93.31) (93.06) (94.67)" (93.39) (93.42)
Objective
Number of log-ins, mean (SD) 7.9(19.9) J - - 58(154) — -
ACTK website
Mean (SD) 9.3(21.7) 86(31.2) 86(315  84(260 — 9.6(40.6) 85(30.7)
n 270 733 690 561 — 389 759
Smokefree.gov
Mean (SD) 6.7(18.1) 4665 4562 4560 « —' 45(54)  45(6.3)
n 304 737 693 584 — 408 770
Total minutes 354(1075)  292(84.1) 203(86.4) 269(47.2) 26.3(70.3) 31.4(108.8) 28.6(82.7)

8ADS: affective disorders and symptoms.

bpTSD: posttraumatic stress disorder.

°PD: panic disorder.

dGAD: generalized anxiety disorder.

®SAD: socia anxiety disorder.

f2+ ADS: screened positive for 2 or more affective disorders.
9p<.01.

hp< 05.

'P<.001.

Iindicates s gnificant treatment by subgroup interaction; results for these groups are separated by treatment arm in subsequent rows.

KaCT: acceptance and commitment therapy.
Indicates no significant treatment by subgroup interaction.

Cessation Outcomes

Cessation rates for each ADS group are shown in Table 4. The
12-month complete-case quit rate among participants without
ADS was descriptively higher than al other groups (153/520,
29.4%). The quit rate was statistically lower for some but not
all ADS subgroups. Specifically, participantsin the depression
(306/1267, 24.15%; odds ratio [OR] 0.78, 95% CI 0.62-0.98;
P=.03), PTSD (294/1215, 24.19%; OR 0.78, 95% CI 0.62-0.98;
P=.03), PD (229/1003, 22.83%; OR 0.73, 95% CI 0.57-0.92;

https://www.jmir.org/2019/6/€13500/

P=.009), and two or more ADS (323/1332, 24.25%; OR 0.78,
95% CI 0.62-0.98; P=.03) groups exhibited statistically lower
quit rates of 20% to 25% relative magnitude than the no ADS
group; those who screened positive for GAD (195/792, 24.6%;
P=.08) and SAD (176/696, 25.3%; P=.13) did not. None of the
treatment arm by symptom group interactions were significant.
Models examining the secondary cessation outcome where
missing values were imputed as smoking resulted in a similar
pattern of results, with the exception that the difference for the
GAD subgroup became significant.
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Table4. Logistic regressions comparing 12-month cessation outcomes by affective disorders and symptoms group.

Watson et al

Characteristic 30-day PPA2 n/N (%) Modelscontrolling for tria stratification variabl e and trestment arm
ORC (95% Cl) Pvalue

Complete case analyses

No AD<d 153/520 (29.42) reference group reference group

Depression 306/1267 (24.15) 0.78 (0.62-0.98) .03

PTSD® 294/1215 (24.19) 0.78 (0.62-0.98) .03

PO 229/1003 (22.83) 0.73 (0.57-0.92) .009

GADY 195/792 (24.62) 0.80 (0.62-1.03) .08

saDn 176/696 (25.29) 0.82 (0.63-1.06) 13

2+ ADS 323/1332 (24.25) 0.78 (0.62-0.98) .03
Missing=smoking analyses

No ADS 153/574 (26.55) reference group reference group

Depression 306/1470 (20.82) 0.74 (0.59-0.93) .009

PTSD 294/1383 (21.26) 0.76 (0.60-0.95) .02

PD 229/1145 (20.00) 0.70 (0.56-0.89) .004

GAD 195/903 (21.59) 0.77 (0.60-0.99) .04

SAD 176/797 (22.08) 0.79 (0.61-1.01) .06

2+ ADS 323/1529 (21.12) 0.75 (0.60-0.94) 01

3PPA: point prevalence abstinence; no smoking, not even a puff in the last 30 days.
b Treatment stratification variables were gender, high school or less education, and smoking >20 cigarettes per day.

‘OR: odds ratio.

4ADS: affective disorders and symptoms.

€PTSD: posttraumatic stress disorder.

PD: panic disorder.

9GAD: generalized anxiety disorder.

hsAD: social anxiety disorder.

12+ ADS: screened positive for 2 or more affective disorders.

Post Hoc Analyses

To develop a better understanding of the factors contributing
to lower quit rates among the symptom subgroups who were
lesslikely to quit, post hoc analyses examined (1) whether each
ADS group uniquely predicts abstinence after including baseline
variablesthat differed between groups and were associated with
cessation in the modelsand (2) whether website use (i, log-ins,
total time spent on website) mediated the relationship between
ADS subgroup and abstinence.

As shown in Table 5, after adding the additional baseline
variablesto logistic regression modelsfor each ADS subgroup,
only screening positive for PD remained significantly negatively

https://www.jmir.org/2019/6/€13500/
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associated with cessation after controlling for baseline levels
of nicotine dependence and commitment to quitting (OR 0.78,
95% CI 0.61-0.99; P=.04) in the analyses in which missing
values were imputed as smoking. All other differences became
nonsignificant and may represent variables that are part of a
causal pathway between affective disorders and difficulty
quitting. Mediation models tested the hypothesis that website
use might indirectly explain the rel ationship between depression,
PTSD, PD, and 2+ ADS subgroups (versus the no ADS group)
and the primary cessation outcome [34]. However, none of the
estimated indirect effects were significant, suggesting that fewer
log-ins and less time spent on the websites did not help explain
the observed lower quit rates for these ADS subgroups in this
study (data not shown).
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Table 5. Post hoc logistic regression analyses including additional covariates.

Characteristic Models controlling for trial potential confounding variables
OR?(95% Cl) P value Additional covariates
Complete case analyses
No ADSP reference group reference group
Depression 0.90 (0.71-1.13) .36 FTNDC, CQss?
PTSD® 0.90 (0.71-1.14) .39 FTND, CQSS
PO 0.81 (0.63-1.03) .09 FTND, CQSS
2+ ADIY 0.87 (0.69-1.10) 26 FTND, CQSS
Missing=smoking analyses
No ADS reference group
Depression 0.84 (0.67-1.06) 15 FTND, CQSS
PTSD 0.87 (0.69-1.10) 24 FTND, CQSS
PD 0.78 (0.61-0.99) 04 FTND, CQSS
2+ ADS 0.86 (0.67-1.11) 24 CQSs
80R: odds ratio.

BADS: affective disorders and symptoms.

CFTND: Fagerstrom Test for Nicotine Dependence.

dCQSS: Commitment to Quitting Smoking Scale.

®PTSD: posttraumatic stress disorder.

fPD: panic disorder.

92+ ADS: screened positive for 2 or more affective disorders.

Discussion

Principal Findings

To inform future treatment development efforts for smokers
with ADS, we conducted the first study comparing treatment
acceptability and long-term smoking cessation outcomes
between smokers who screened positive for five common
affective disorders (depression, PTSD, PD, GAD, SAD, aswell
as those who screened positive for =2 diagnostic categories).
All ADS subgroups differed from the no ADS group (those who
did not screen positive for any affective disorder) on most
demographic and smoking characteristics assessed at baseline,
similar to other reports [19,35,36].

All ADS subgroups had higher subjective acceptability ratings
of their assigned wehsite compared with the no ADS group. It
may be that, relative to smokers without affective disorder
symptomology, smokers with ADS see greater potential for
Web-based smoking interventions or find the Web-based format
particularly helpful and convenient, leading to greater subjective
acceptability among those groups. Although unanticipated, this
finding isimportant and demonstrates that smokers who screen
positive for affective disorders are open to this treatment
modality and find them helpful. However, the higher subjective
ratings did not trandlate into greater use of the websites as one
might expect. Although most ADS subgroups logged in
significantly less to the Smokefree.gov website (with no
differential log-in rates for the ACT-based website) relative to
the no ADS group, all ADS subgroups spent significantly less

https://www.jmir.org/2019/6/€13500/

time on both websites overal, which is on par with our
hypotheses. The differential log-in ratesfor the websites across
groups may mean that smokers with ADS engage more with
Web-based cessation programs (ie, find them more acceptabl €)
when they aregrounded in ACT, presented in astepwise fashion,
or when they have features that prompt tracking.

Reasons for the discrepancy in the findings between the
subjective and objective indices of acceptability are unclear.
On the one hand, it may be that the cognitive and affective
symptoms experienced by smokers with ADS impede them
from using the websites as much as individuals without ADS.
Alternatively, given that the websites in the parent trial were
designed for the general population of smokers, it may aso be
that smokers with ADS found them less personally relevant,
which could have contributed to them having lower levels of
engagement [37-40].

Thequit ratesat 12-month follow-up for all symptom subgroups
were promising (20% to 25%). However, in the primary analyses
most symptom subgroups (those screening positive for
depression, PTSD, PD, or =2 affective disorders) had
significantly lower quit rates (23% to 24%) relative to the no
ADS group (29%). Thus, there is some evidence of the
possibility of differential outcomes being disorder-specific.
However, al subgroups had descriptively lower quit rates than
the no ADS group, suggesting that there is room to improve
quit ratesfor all symptom subgroups and doing so would likely
be significant at the population level considering the large
proportion of smokers who screen positive for ADS.
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Resultsfrom post hoc analyses suggest that the lower cessation
rates among most groups may be influenced in part by their
having greater levels of nicotine dependence and lower
commitment to resist smoking in difficult situations at baseline.
While greater levels of nicotine dependence among individuals
with ADS is arobust finding in the literature [6,19,41], thisis
the first study to our knowledge demonstrating that these
individuals also have significantly lower levels of commitment
to resist smoking during difficult situations, which may be an
important target to include in smoking interventions designed
for these groups. However, unlike in previous studies of
Web-based smoking interventions where greater use was
associated with better cessation outcomes [42-45], the lower
rates of cessation in the affective disorder subgroups were not
mediated by website use. It may be that higher engagement only
mediates cessation when the intervention adequately addresses
the needs of the users. If the intervention does not address the
user’'sneedsor isnot perceived asrelevant to the user, it follows
that the user wouldn’t be as engaged and that engagement, per
se, wouldn't mediate cessation. Taken together, this suggests
that increasing use alone among these groups may not be
sufficient for improving cessation outcomes and that targeted
interventions should also focus on addressing the unique,
modifiable needs of smokers with affective conditions (eg,
commitment to resist smoking in difficult situations) asameans
of improving outcomes of these groups. Moreover, differences
in nonmodifiable factors (eg, demographics) between these
groups should also be considered when developing targeted
interventionsto increase their relevance for these groups. Future
research is needed to determine if targeted Web-based
interventions are associated with improved outcomes for these
groupsand if engagement mediates cessation outcomesin these
Cases.

Strengths and Limitations

There are numerous strengths to this study including a large,
geographically diverse sample of adult smokers living in the
United States, the use of validated self-report instruments to
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assess mental health conditions, and assessing long-term
cessation outcomes at 12-months with a high rate of outcome
data retention. Despite these strengths, the limitations of this
study should be considered when interpreting the results. The
primary limitation is the exploratory nature of the study as
secondary analyses embeddedin alarger clinical trial [21]; thus,
our conclusions should be considered preliminary. A second
limitation to the study is the use of self-report screening
instruments to assess ADS. Individuals who screened positive
for affective disorders may not all have the disorders they
screened positive for and instead have elevated, subthreshold
symptoms of the disorders. In line with previous research
indicating that even individuals with subthreshold symptoms
of affective disorders are at risk for continued smoking [3,46]
and that screening instruments for affective disorders can be
used to predict cessation [2], this study highlights that the
screening instruments used in this study can be useful in
identifying smokers who are less likely to quit even without a
formal diagnostic assessment. Finally, we did not biochemically
verify self-reported smoking abstinence at the 12-month
follow-up. However, biochemical validation of abstinence is
considered unnecessary for population-level intervention studies
that otherwise have no face-to-face contact with participants
because requiring this can bias study results [32].

Conclusions

This is the first study to compare treatment acceptability and
long-term quit rates in response to Web-based smoking
interventions between smokers who do versus do not screen
positive for five common affective disorders. Findings suggest
that while Web-based interventions are appealing to these
groups, most individualswith ADS used their assigned website
lessand werelesslikely to quit smoking than their counterparts
in response to the two interventions, each designed for the
general population of smokers. Overall, these results support
the need for devel oping targeted interventions for smokerswith
affective disorders and elevated affective symptomology.
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Abstract

Background: Maintaining physical activity and physical function is important for healthy aging. We recently completed a
randomized controlled trial of atargeted knowledge translation (K T) intervention delivered through the McMaster Optimal Aging
Portal with the goal to increase physical activity and physical mobility in middle-aged and older adults, with results reported
elsawhere.

Objective: The purpose of this process evaluation study is to explore which KT strategies were used by both intervention and
control group participants, aswell as the intervention groups' engagement, satisfaction, and perceived usefulness of the targeted
KT intervention.

Methods: Data on engagement with the intervention materials were gathered quantitatively through Google Analytics and
Hootsuite throughout the intervention. Qualitative datawere collected through acombination of open-ended surveysand quditative
interviews with a subset of participants at the end of the study to further understand engagement, satisfaction, and useful ness of
the KT strategies.

Results: Throughout the intervention period, engagement with content delivered through weekly emails was highest, and
participants rated email content most favorably in both surveys and interviews. Participants were generally satisfied with the
intervention, noting the ease of participating and the distillation of information in an easy-to-access format being beneficial
features. Participants who did not find the intervention useful were those with already high levels of baseline physical activity or
physical function and those who were looking for more specific or individualized content.

Conclusions: This process evaluation provides insight into our randomized controlled trial findings and provides information
that can be used to improve future online KT interventions.

Trial Registration: Clinical Trials.gov NCT02947230; https://clinicaltrials.gov/ct2/show/nct02947230 (Archived by WebCite
at http://www.webcitation.org/78t4tR8tM)
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Introduction

Maintaining physical mobility is important for healthy aging
and maintaining functional independence [1]. Regular physical
activity has been shown to slow the age-related decline in
physical mobility [2] and is associated with decreased risk of
mobility disability and mortality [1,3,4]. Participationin regular
physical activity has been shown to have a number of positive
effects on functional, metabolic, cardiovascular, and cognitive
outcomes, aswell asimprovementsin quality of life[2]. Given
these beneficia effects of exercise, effective knowledge
tranglation (KT) interventions that disseminate information to
middle-aged and ol der adults on strategiesthat promote physical
mobility are warranted.

Population-based survey data from Canada suggest that older
adults do use the Internet to seek out health information [5].
One potentia benefit of health resources disseminated online
isthe potential for awide reach to adiverse audience. However,
it may be difficult for members of the public to adequately
identify trustworthy online resources [6]. In response to this
problem, the McMaster Optimal Aging Portal (the Portal) was
created in 2014 to serve as a publicly available repository of
high-quality, evidence-based information about healthy aging
[7,8]. User characteristics[9] and usability [10,11] of the Portal
have been previously reported. Whileit is clear that people are
using the Portal, questions remain asto whether use of the Portal
has any impact on knowledge, health behaviors, or health
outcomes.

Recent systematic reviews suggest that electronic behavior
change interventions may have positive effects on physical
activity and other health outcomes [12,13]. A review of
information technology-based interventions on patient
engagement and behavior change found that while 1T
platform-based interventions had positive effects on health
outcomes, there are few published reports of process data on
engagement and usability within the interventions [12].

Our team recently completed a randomized controlled trial of
a targeted KT intervention through the Portal, aimed at
improving physical activity and physical mobility in
middle-aged and older adults (to be published elsewhere,
currently under review). In line with previously published
recommendations on process eval uations alongside randomized
controlled trials[14], the purpose of this process evaluation was
to explore participants’ engagement, satisfaction, and perceived
usefulness of the tailored KT intervention and the Portal in
general. This provided a more in-depth understanding of our
guantitative trial findings.

Methods

Trial Description

A full description of methods and results for this randomized
controlled trial will be reported elsewhere. The Hamilton
Integrated Research Ethics Board approved the study protocol,
and all participants provided written informed consent. In brief,
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510 participants—primarily female (430/510, 84.3%); mean
age 64.7 years (SD 8.3; see Table 1)—were recruited online
and randomized to a targeted KT intervention or self-serve
control group. Approximately one-third were regular users of
the Portal before the study, while one-third had never heard of
the Portal before. Questionnaireswere completed using an online
survey platform at baseline (ie, prior to randomization), at the
end of the 12-week study, and at 3-months postintervention.
Whilethere were no differences at the end-of-study or follow-up
time points between groups for physical activity or
self-monitoring, the intervention group did report more positive
intentions to engage in mobility-related health behaviors and
more favorabl e attitudes toward physical activity than the control
group. In planned subgroup analysesto explorethe effect of the
intervention by participant characteristics, there was asignificant
intervention effect found among participantswith low self-rated
health.

I ntervention Description

During the intervention period, those in the intervention group
received atargeted intervention consisting of the following:

1. Mohbility-focused weekly emails, which included links to
blog posts (ie, short articles providing recent scientific
evidence in a narrative format), evidence summaries (ie,
1-2-page documents describing findings from a systematic
review in lay language), and Web-resource ratings (ie,
eva uationsto assess quality of existing third-party websites)
on a weekly topic related to physical activity and/or
mobility.

2. Social media posts via Twitter and Facebook, using the
study-specific hashtag #Moved4Age to highlight relevant
information related to physical activity or mobility.
Participants were initially invited to follow social media
feeds at the beginning of theintervention and werereminded
throughout the intervention period via email.

3. Invitation to visit the Mobility and Physical Functioning
page on the Portal.

As the Portal is a publicly available website, control group
participants were able to accessthe Portal during theintervention
period, including the Portal’s genera weekly email alert
subscription service; thus, our study did not include a true
control group. The control group participants did not receive
the targeted KT strategies, as described above.

The targeted KT intervention was informed by the theory of
planned behavior [15]. The theory of planned behavior suggests
that intention to engagein aparticular behavior isanimmediate
precursor of the behavior, and that intention isbased on attitude
toward the behavior, subjective norms, and perceived behavior
control. Through this intervention, we aimed to modify
individuals attitudinal beliefs through the provision of
high-quality, evidence-based information about increasing
physical activity and improving mobility and physical function.
The educational materials provided weretargeted at middle-aged
and older adults and included actionable messages within the
content, specifically within the blog posts [16], to act on
normative and control beliefs (see Figure 1).

JMed Internet Res 2019 | vol. 21 | iss. 6 [e13965 | p.186
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Neil-Sztramko et al

Table 1. Participant characteristics.

Characteristics Tota (N=510) Intervention (n=256) Control (n=254) P value
Age (years), mean (SD) 64.7 (8.3) 64.7 (8.5) 64.6 (8.2) .94
Gender, n (%) .69
Male 80 (15.7) 38 (14.8) 42 (16.5)
Female 430 (84.3) 218(85.2) 212 (83.5)
Education, n (%) 91
High school diploma or less 36(7.1) 18(7.0) 18(7.1)
College diploma 111 (22.0) 58(23.1) 53 (20.9)
Bachelor's degree 217 (43.1) 104 (41.4) 113 (44.7)
Postgraduate degree 140 (27.8) 71(28.3) 69 (27.3)
Employment status, n (%) 19
Retired 304 (59.7) 157 (61.6) 147 (57.9)
Full-time employment 121 (23.8) 60 (23.5) 61 (24.0)
Part-time employment 65 (12.8) 28(11.0) 37 (14.6)
Long-term disability 6(1.2) 1(0.49) 5(2.0)
Other 13(2.6) 9(3.5) 4(16)
Geography, n (%) .55
Urban 422 (82.7) 209 (81.6) 213(83.9)
Rural 74 (14.5) 41 (16.0) 33(13.0)
Not reported 14 (2.7) 6(2.3) 8(3.1)
Self-rated health: Excellent or Vlery Good, n (%) 303 (59.4) 144 (56.3) 159 (62.6) .07
Chronic disease, n (%) 283 (55.7) 141 (55.3) 142 (56.1) 92
Falls
Had afall in the last 6 months, n (%) 103 (20.2) 41 (16.0) 62 (24.4) 02
Number of falls, mean (SD) 16(1.2) 1.4(0.9) 1.7 (1.3) 19
Visited a health care provider because of afall, n (%) 35(33.3) 15 (36.6) 20(31.2) 72
Previous Portal® use, n (%) 98
Never used 172 (33.8) 87 (34.0) 85 (33.6)
Regular user 153 (30.1) 76 (29.7) 77 (30.4)
Used occasionally 184 (36.1) 93 (36.3) 91 (36.0)
Sought information about improving mobility from ahealth care 220 (43.1) 118 (46.1) 102 (40.2) 21

provider or other source in the last year, n (%)

3portal: McMaster Optimal Aging Portal.
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Figure 1. Example of intervention material delivered through the McMaster Optimal Aging Portal blog.

McMaster

OFTIMAL AGING PORTAL

Sitting too much? Take steps to
support healthy aging

—

The Bettom Line

Data Collection

Data on engagement with intervention materials delivered
through the mobility-focused weekly emails were collected
from participants in the intervention group only. A custom
campaign was created for each week of the intervention using
Google Analytics. This provided datafor each weekly email on
the number of participants who opened alink within the email,
number of website sessions, number of page views, number of
pages viewed per session, time per session, and bouncerate (ie,
the proportion of individuals who only viewed one page per
session).

Intervention materials disseminated through social media (ie,
Twitter and Facebook) were identified using a study-specific
hashtag, #M oved4Age, and thuswere publicly available. Number
of shares, likes, and links clicked (Facebook) aswell as number
of retweets, likes, and URL clicks (Twitter) were collected using
Hootsuite (Hootsuite Inc).

Data on participant satisfaction with, and perceived usefulness
of, the KT strategies for the intervention group only, and the
Portal itself for both groups, were collected at the end-of -study
and 3-month follow-up time points using a combination of
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Likert scales ranging from 1 (strongly disagree) to 7 (strongly
agree) and open-ended questionnaires. A subgroup of 50
participants al so consented to take part in qualitative interviews
following the end-of-study data collection. Semistructured
interviews were conducted by a trained interviewer who was
not involved in any other aspect of the study. Interviews were
recorded and transcribed verbatim.

Data Analysis

Data on participant engagement with intervention materialsis
presented descriptively as mean and standard deviation as well
as frequency and percentage where appropriate. Perceived
satisfaction and usefulness of the Portal was compared between
the intervention and control groups using an
independent-samples t test for continuous variables and a
chi-square test for categorical variables using SAS 9.4 (SAS
Institute Inc).

Qualitative data from interview transcripts was entered into
NVivo 11 (QSR International) for storage, indexing, searching,
and coding. Two researchers (SENSand JST) reviewed a subset
of interviews in duplicate to reach consensus on a coding
scheme. Once agreement was reached, athematic analysiswas
undertaken by the two researchers independently. Emergent

JMed Internet Res 2019 | vol. 21 | iss. 6 [e13965 | p.188
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

themes were compared to open-ended survey questions and
guantitative study resultsto provide a deeper understanding of
our quantitative study findings.

Results

Engagement and Satisfaction With Knowledge
Tranglation Strategies

During the intervention period, 94.7% of intervention
participants (198/209) reported receiving mobility-focused
weekly emails. Engagement with email content was highest at
the beginning of the study and declined throughout the course
of the 12-week intervention (see Figure 2). Due to atechnical
issue, data on the number of emails successfully delivered and
opened was not available. On average, one-third of intervention
participants clicked through to the Portal from an email each
week, ranging from alow of 17.6% in week 8t0 51.2% in week
2. Overall, engagement was highest in week 1 (766 total page
views with an average of 4.07 pages and 5 minutes 32 seconds
per session) and lowest in week 10 (117 total page views, 1.71
pages per session, and 1 minute 30 seconds per session). An
increase in engagement was seen in the last week of the study:
218 total page views, 2.6 pages per session, and 2 minutes 36
seconds per session (see Table 2).

In qualitativeinterviews, participants reported that emails were
the primary source of information utilized during the
intervention period. With respect to positive aspects of the

Neil-Sztramko et al

targeted KT intervention, a common theme emerged related to
the ease of accessto the study information. Participants reported
that automatically receiving the mobility-focused content in
their email inbox and having the large amount of information
distilled in an easy-to-read format was appreciated.

| liked that it was information that came to me
proactively. So | didn’t have to always go |ooking for
it. It wasalsoin bite-sized chunks. It wasinformation
that camein like, in sort of manageabl e pieces of time
and information, and they offered you skills that you
could develop pretty easily and quickly, it wasn't a
whole program you had to undertake, and it wasn't,
it was sort of easy piecesto fit into my life.

A related theme emerged around ease of selecting relevant
content. Participants discussed selecting particularly relevant
topics to read through, rather than reading through all
information sent, which was viewed as a positive aspect of the
intervention.

[My mother] is 84, | am 53, so | mean | look at my
e-mail quite often, so, you know;, | could seeit, | knew
it was there..sometimes | liked looking at the
headings of what the evidence was, and you know |
would peruse through and, you know, sometimes it
was interesting to me, sometimes it was not—you
know, but that was fine. | just deleted it, it was easy
to deleteif | wasn’t that interested in it.

Figure 2. Intervention participant engagement with email content during the 12-week study period.

1000

200

800

700

600

500

400

300

Number of users or pageviews

200

100

0

Week1l Week2 Week3 Week4 Week5 Week6 Week7 Week8 Week9 Week 10 Week 11 Week 12

M Users M Total users

http://www.jmir.org/2019/6/€13965/

XSL-FO

RenderX

M Pageviews

Total pageviews

JMed Internet Res 2019 | vol. 21 | iss. 6 [e13965 | p.189
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Neil-Sztramko €t d

Table 2. Intervention group engagement with mobility-focused email alerts during the 12-week intervention period.

Week  Topic Uniqueusers  Total sessions,  Total page Pagesper  Timeper session,  Bounce
(N=256),n (%) n views, n session, N minutes, seconds  rate, %

1 Introduction to Moved4Age 129 (50.4) 188 766 4.1 5,32 35.1

2 Walking 131 (51.2) 209 493 25 3,42 424

3 Enhancing socia support withwalking 54 (21.1) 78 215 25 2,31 49.1

groups

4 Balance 110 (43.0) 136 324 24 3,8 42.9

5 Strength training 91 (35.5) 135 343 25 2,55 434

6 Falls and injury prevention 110 (43.0) 152 451 29 3,0 449

7 Maintaining a healthy body weight 71 (27.7) 95 191 22 3,13 50.4

8 Using technology for self-monitoring 45 (17.6) 69 153 24 2,13 51.4

9 Reducing sedentary time 67 (26.2) 86 186 1.0 1,24 56.0

10 Alternative forms of exercisefor mobility 49 (19.1) 63 117 17 1,30 60.0

11 Cognition and mobility 58 (22.7) 81 129 17 1,33 67.6

12 Overcoming physical limitations 64 (25.0) 85 218 25 2,36 37.7

All weeks, mean (SD) 83.2(30.8) 114.8(46.4)  298.8(183.2) 24(07)  2,46(L,5) 2184)
9.0

Only 7.7% (16/209) of intervention group participants reported
using Twitter and 19.6% (41/209) reported using Facebook.
Dataon socia mediaengagement by week isdisplayedin Table
3. During the study period, there were a total of 50 tweets
marked with #Moved4Age, ranging from 1 to 7 per week. These
tweets garnered a total of 25,006 impressions (187-1485
impressions per tweet), 100 retweets (0-10 per tweet), 96 likes
(0-10 per tweet), and 217 URL clicks (0-17 per tweet). The

Table 3. Socia media engagement throughout the 12-week study period.

highest level of engagement was during weeks 3 and 4. The
total number of study-specific Facebook posts was 15 (0-2 per
week). These posts garnered 23,635 unique post impressions
(278-3532 per post), 158 shares (1-28 per post), 298 likes (3-48
per post), 16 comments (1-4 per post), and 1206 link clicks
(6-369 per post). The highest level of engagement was during
weeks 1 and 6.

Week Twitter engagement Facebook engagement
Tweets,n Impressions Retweets  Likesper  URLclicks Posts,n  Impressions Sharesper Likesper  Comments

per tweet, per tweet,  tweet, per tweet, per post, post, mean post, mean per post,
mean mean mean mean mean mean

1 2 726.0 20 25 75 2 2359.5 155 325 1.0

2 7 260.9 0.3 0.9 33 1 2457.0 16.0 32.0 2.0

3 5 426.4 20 14 5.0 2 1042.5 6.5 14.0 15

4 4 811.8 4.3 4.3 10.8 2 1174.0 25 115 1.0

5 3 505.3 30 23 37 1 278.0 20 30 0.0

6 6 608.0 22 17 27 2 3439.0 28.0 38.0 4.0

7 6 420.3 17 13 4.0 1 513.0 3.0 7.0 0.0

8 7 397.0 19 17 29 1 1596.0 135 245 2.0

9 2 718.0 25 30 7.0 1 604.0 5.0 13.0 1.0

10 4 695.3 35 28 35 0 N/AZ N/A N/A N/A

11 3 275.3 0.0 20 13 1 1845.0 10.0 13.0 1.0

12 1 841.0 30 1.0 8.0 1 2155.0 18.0 27.0 0.0

All weeks, 4.2(2.0) 557.1 22(12) 21(10) 50(28 13(06) 15875 10.9(84) 19.6(125 1.2(L2)

mean (SD) (202.9) (1035.0)

8N/A: not applicable; there were no Facebook postsin week 10.
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Control Group Engagement With the Portal

During the intervention period, 89.4% of control group
participants reported registering for the Portal’s regular weekly
email alert subscription service, 4.6% reported following the
Portal on Twitter, 19.4% reported following the Portal on
Facebook, and 29.6% reported browsing for mobility-related
content on the Portal (see Table 4). There were no significant
differencesin engagement with the different strategies between
intervention and control group participants. Fewer control group
participants reported that information from the Portal influenced
adecision they made about physical activity (54.5% vs 68.0%,
P=.006). Of those that reported that the Portal did influence a
decision, the control group reported that this occurred less often
(mean 2.73, SD 1.90 vs mean 3.43, SD 2.06, where 1 is not
often and 7 is very often, P<.001).

Neil-Sztramko €t d

Perceived Usefulness of the I ntervention

At the end of study, participants reported mobility-focused
emailsto be useful (mean 5.27, SD 1.52, on a 1-7-score Likert
scale) and reported favorably regarding their likelihood of
continuing to subscribe (mean 5.46, SD 1.78) and recommending
to afriend or family member (mean 5.29, SD 1.81; see Table
4). Of those who did use social media, responsesweresimilarly
favorable for usefulness of both Twitter and Facebook,
likelihood of continued use, and likelihood of recommending
to family or friends. The overal satisfaction with the
intervention itself and with particular KT strategieswas echoed
by intervention group participants in qualitative interviews,
however, a number of divergent themes emerged among
participants with respect to the perceived usefulness and
potential impact of theintervention. A first group of participants
reported that they |earned something new during theintervention
that resulted in them making lifestyle changes around physical
activity.

Table 4. Participant satisfaction and Portal® use during the 12-week intervention period.

Portal activity and influence Intervention (n=209) Control (n=216) P value
Weekly email alerts from the Portal .06
Received weekly email aerts, n (%) 198 (94.7) 193 (89.4)
Mobility-specific email alerts are a useful strategy, mean (SD) 5.27 (1_52)b N/AC
Would continue to subscribe, mean (SD) 5.46 (1.78) N/A
Would recommend to afriend or family member, mean (SD) 5.29 (1.81) N/A
Portal accessvia Twitter 27
Accessed the Portal via Twitter, n (%) 16 (7.7) 10 (4.6)
Twitter is auseful strategy, mean (SD) 5.07 (1.87) N/A
Will continue to use, mean (SD) 6.12 (1.41) N/A
Would recommend to afriend or family member, mean (SD) 5.56 (1.50) N/A
Portal access via Facebook .99
Accessed the Portal via Facebook, n (%) 41 (19.6) 42 (19.4)
Facebook is a useful strategy, mean (SD) 5.61 (1.43) N/A
Will continue to use, mean (SD) 5.90 (1.30) N/A
Would recommend to afriend or family member, mean (SD) 5.32 (1.65) N/A
Mobility and Physical Functioning browse page .34
Used the Mobility and Physical Functioning browse page, n (%) 72 (34.4) 64 (29.6)
Mobility-specific browse page is a useful strategy, mean (SD) 5.60 (1.10) N/A
Will continue to use, mean (SD) 5.51 (1.35) N/A
Would recommend to afriend or family member, mean (SD) 5.30 (1.60) N/A
Portal information influenced a decision about physical activity
Number of participants who answered yes, /N (%) 140206 (68.0) 116/213 (54.5) 006
How often? mean (SD) 3.43 (2.06) 2.73(1.90) <.001

3Portal: McMaster Optimal Aging Portal.

bNumerical guestions were answered on a scale of 1 (not often) to 7 (very often).

°N/A: not applicable.

HThere were miss ng data (n=6) from this question: intervention (n=3) and control (n=3).
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Certainly, | have been upping my exercises that
involve pounding but stress on the muscles and the
bone- the reason swimming doesn't do it because you
have no impact. | certainly have continued to focus
on impact activity.

| was not previousy aware that | needed to walk
faster than a pleasant stroll. Now | am aware and
each night after dinner my husband and | walk a fast
25 minutes.

A second group of participants described the intervention
materials as serving an important reminder to engage in health
behaviors or reinforcement, but the content did not contain a
lot of new information or result in new knowledge gained.

Yeah, in the sense that it just alerted me and kept me,
kept me, ah, on target with my workouts and my
walks, bicycling, and all that kind of stuff.

For example, bone density is an issue for myself and
it really wasn't always new information. It really more
confirmed what | always researched and found out.
Whether |'ve used it or not...um, for example, you're
not supposed to swim, for example, as it's not an
activity that increases bone density and | think | read
that somewhere, but | already knew that. I'm not a
totally uninformed consumer.

A third group of participants noted that while they were satisfied
with the intervention materials and content, they found the
intervention not particularly impactful becausethey were aready
active or had no mobility limitations.

Yeah, not for any reason, ah, I’m relatively mobile,
relatively mobile myself, but, um, that becomes an
issue as you age and | suppose it’s better to know
about it before it's an issue, so | found it very
interesting.

You know, that again, | was pretty mobile, | had no,
no issues beforehand, and | still don't have any issues,
so although it didn't improve, it's because it would
have been pretty hard for it to improve, | think.

A final group of participants reported that theintervention itself
had no impact and that they were generally disappointed with
the intervention. Two prominent subthemes emerged within
this group. Firstly, participants were dissatisfied with the
intervention because the information provided was not specific
enough.

It didn't really...it was superficial. It didn't tell you
what to do, where to go...it was kind of information
that's out there everywhere. There was nothing really
new. | read it a couple of times and thought I'm
missing something here...and then at some point |
stopped reading them because | thought | would just
glance over it because | thought that, | want the meat,
okay? | don't want any more of these studies and this
here and that...nothing gets in my pocket. My pocket
meaning...I’ m not getting any services.
Secondly, some participants reported that the intervention
seemed more appropriate for individuals with lower levels of
baseline health or fitness.
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| had a sense that it was targeted at people with
already quite limited mobility, and not including those
who had perhaps re-achieved a higher level of
mobility through their own initiative.

A lot of it seemed to be directed at people that had
much more significant problems than me, so I'm
pretty active and quite healthy, and so | was looking
for things that would sort of help me stay that way or
any tips, or any new information. And, yeah, | felt
that a lot of the information, not all of it, but a lot of
it was directed at people that already had significant
problems.

Discussion

Findings from our randomized controlled trial suggest that a
targeted KT intervention may have a positive impact on levels
of physical activity in middle-aged and older adults, particularly
those with low baseline self-rated health. Findings from the
process evaluation presented here help to understand these
findings and provide guidance on the design and delivery of
future KT interventions, particularly those using an online
platform such as ours. To our knowledge, thisisthefirst process
evaluation conducted of an online KT intervention targeted at
middle-aged and older adults.

Despite the large number of intervention participants who
reported receiving the mobility-focused weekly emails, actual
engagement with the Portal content as measured through Google
Analytics was much lower. The proportion of participants in
the intervention group who visited the Portal through a link
within an email ranged from 17.6% to 51.2% (weeks 8 and 2,
respectively). While lower than our target, these are still much
higher than industry averages for health services email
campaigns, which report average email open rates of 19.2% and
click-through rates of only 6.4% [17]. In addition, those who
did click through seem to be well engaged, which is reflected
in the average number of pages viewed per session and the
average time per session. The average length per session of 2
minutes and 46 seconds suggests that participants may have
read the majority of the article on the page they visited. This
hypothesis was confirmed in our qualitative interviews, where
participants reported only clicking on links they were interested
in reading and reading through the content on pagesthey visited.
To our knowledge, few other similar studies have been
conducted to provide comparative data. In a recent process
evaluation of usage data from a publicly available, Web-based
mental health portal for youth, 65.4% of sessionswerelessthan
one minute in duration [18]. In contrast, a Web-based
intervention of interactive self-monitoring modules for women
to prevent weight gain reported a median session duration of
12 minutes and 54 seconds [19]. However, it is difficult to
directly compare session length, due to potential differencesin
the amount of content, education levels, and background
knowledge of participants.

Qualitative data provided some explanation as to why such a
low percentage of participants clicked through from each weekly
email, despite rating the emails as highly useful. Participants
reported that one of the benefits of receiving the weekly email
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alerts was that it allowed them to quickly and easily identify
personally relevant and topical material to read morethoroughly.
We hypothesize that the length per session is reflective of
participants being moreinterested and engaged with the content
to which they chose to click through from the original email,
whileindividualsdid not click through to content that they were
less interested in. In a process evaluation of a sexual health
website, average time on the site ranged from 2 minutes and 7
seconds to 6 minutes and 36 seconds, depending on keywords
searched and the referring website, demonstrating the substantial
variability in usage that can occur within the same site
depending on the topic at hand [20]. The intervention period
did not occur over any major holidays, and we cannot identify
any external reasons that would contribute to increased uptake
in particular weeks (eg, week 6). To minimize participant
burden, we did not collect feedback on weekly intervention
content, athough this information would be useful in further
understanding what drives weekly variation in intervention
engagement.

Given that there were no significant differences found in the
proportion of participants in both the intervention and control
groups that reported receiving weekly email alerts, following
the Portal on social media, and following the mobility landing
page, it is not surprising that no significant between-group
differences were found at the end-of-study or postintervention
follow-up data collection. Our findings that both groups
self-reported significant increases in physical activity and
self-monitoring mobility over time may indicatethat the Portal’s
currently available KT strategies are sufficient to elicit behavior
change, at least in some individuals. However, given the
variation in change in physical activity across participants, and
the still low proportion of participants meeting physical activity
guidelines at the end of the study, it may also be that more
specific tailoring of intervention materials is needed to see
greater behavior change in some individuals.

As discussed above, a major theme that emerged from
gualitativeinterviewswasthe benefit of ease of accessto content
through the weekly email aerts, and the filtering of relevant
information. It may be that control group participants who
signed up for this study dueto their interest in physical activity
and mobility also filtered the general Portal content in the same
way. Wewere not ableto track usage datain the form of number
of clicksin email alerts through the control group, so we are
not able to evaluate whether there was a difference in
engagement between the targeted intervention email alerts and
the general Portal email alerts to confirm this hypothesis.

Conversely, we also identified a group of participants within
the qualitative interviews who were dissatisfied with the
intervention dueto itsfocus on general information and lack of
specific instruction or resources. These findings are similar to
those from our previous cross-sectional survey of Portal users,
where a thematic analysis of open-ended questions identified
limitations of the Portal being that information was not specific
or in-depth enough [9]. Thisis an ongoing challenge for those
designing online resources and delivering online KT
interventions. These online resources must balance the logistics
and feasibility of disseminating a broad-reaching behavior
changeintervention, while also being relevant to an individual .
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In a recent systematic review of eHealth interventions for
physical activity promotion in older adults, four of the six
website-based studies found a significant increase in physical
activity compared to ano-intervention control group [13]. Each
of these studies used some type of interactive component with
intervention participants, such as a personal coach [21], an
interactive website feature to track physical activity [22,23], or
provision of a pedometer or accelerometer for monitoring
physical activity [23,24]. While found to be effective, these
components may not be feasible on a large-scale, publicly
available resource such asthe Portal. In a systematic review of
strategiesto facilitate use of Internet-delivered, health behavior
changeinterventionsin younger adults, Crutzen et a found that
tailored communications, reminders, and incentives are useful
strategiesto increase user engagement with intervention content
[25]. Qualitative data from our participants highlighting the
greater engagement with personally relevant content support
the use of tailoring in delivering intervention content. Future
work may explore whether more specific tailoring of the
intervention materials provided, such as by baseline values,
knowledge, or preferences, may elicit greater overall behavior
change and satisfaction with the KT intervention. Perhaps a
theory-driven approach to tailoring, for example, using the
Transtheoretical Model, could be explored to tailor intervention
material based on an individual’s stage of change [26].

Qualitativeinterviewsidentified a subgroup of participantswho
were satisfied with the intervention but did not report it being
particularly impactful because of their already high levels of
baseline hedth. This is in line with findings from our
guantitative subgroup analysis from our recently completed
randomized controlled trial, in that there was a significant effect
of theintervention on physical activity levels of those with poor
or fair baseline self-rated health. Measures of self-rated health
have been found to be correlated with perceived physical fithess
[27], physical mobility [28], and mortality [27,29]. Although
baseline physical activity levels were controlled for in the
analysis, those with the highest self-rated health at baseline may
have been the most healthy and active; thus, change in physical
activity throughout the intervention period may be limited by
aceiling effect, as suggested by several participants within the
qualitative interviews. Interestingly, the percentage of
participants who met physical activity guidelineswas 27.4%in
the intervention group and 29.4% in the control group at
baseline. We hypothesize that individuals perhaps perceived
they were sufficiently active and thus did not need to increase
their physical activity levels, which contributed to the lack of
change. Future interventions should consider including a
feedback mechanism to bring awarenessto participants reported
or measured physical activity levels prior to the start of the
intervention.

A limitation to this process eval uation, and to our understanding
of how engagement with the intervention materials correlated
to behavior change, is our inability to access Google Analytics
data on clicks per link from individual participants. We
hypothesize that those who engaged most with the intervention
materials may be most likely to have changed their behavior as
a result of the intervention, however, we were not able to
evaluate this, given the aggregate group-level data. Our sample
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was primarily well-educated females; thus, our findings may
be less applicable to online portal s targeting other populations.
In addition, all social media posts and hashtags were publicly
available, so we are unable to attribute any tracked engagement
exclusively to participants in our intervention group.

We have previoudly reported on the significant increase in
physical activity levels observed in both groups and, in
particular, the significant intervention effect in participantswith
low self-rated health at baseline. When combined with positive
findings in this process evaluation on participant satisfaction
and engagement with the intervention strategies and the Portal
itself, we believe KT strategies such asthose delivered through
the Portal have the potential to be an effective, low-cost, and
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scalable intervention. Insights from this process evaluation
suggest that targeting the appropriate popul ation is an important
consideration. Delivering the intervention to individuals with
the greatest need (ie, those with low self-rated health) or to those
with the greatest potential to show a change (ie, low baseline
levels of physical activity) should be explored in future studies.
Previous research has shown that individuals who use online
health portals are typically more highly educated and have
higher health literacy [30]. A challengein conducting thiswork
isto understand how to engage underserved groupsin an online
intervention such as ours. Further work is needed to understand
which KT strategies may be most effective to increase
knowledge, awareness, and engagement with a resource such
asthe Portal.
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Abstract

Background: In people with dementia, neuropsychiatric symptoms (NPSs), especially agitation, are associated with worse
quality of life and caregiver burden. As NPSs may vary with illness severity, knowledge of how people with dementia and their
caregivers describe and rate the importance of agitation symptoms can improve the understanding of the clinical meaningfulness
of the manifestations of agitation. The internet provides new opportunities to better understand patient experiences, as patients
and caregiversincreasingly look to Web-based platforms as a means of managing symptoms.

Objective: The aim of this study was to examine Web-based reports from a dementia symptom website to better understand
the symptoms of agitation and explore how they are being targeted for monitoring by caregivers of people with dementia.

Methods: The Dementia Guide website hosts a Web-based database used by caregivers (97%) and people with dementia (3%).
From its 61 dementia symptoms, users can select relevant symptoms that they deem important to monitor or track the effects of
treatment. We employed a staging algorithm to determine if individual s had mild cognitive impairment (MCI) or mild, moderate,
or severe dementia. Agitation was defined using terms consistent with the International Psychogeriatrics Association’s provisional
consensus definition. We compared the proportion of people with NPSs and agitation across stages of dementia severity and
studied how many agitation-defining descriptors were selected, and how often they occurred, by stage.

Results: As of March 2017, 4121 people had used the tracking tool, of whom 2577 provided sufficient data to allow disease
severity staging. NPSs were tracked by 2127/2577 (82.54%) and agitation by 1898/2577 (73.65%). The proportion in whom
agitation was tracked increased with increasing cognitive impairment: 68.5% (491/717) in people with MCI, and 72.50%
(754/1040), 73.3% (378/516), and 90.5% (275/304) in mild, moderate, and severe dementia, respectively (x23:54.9; P<.001).
The number of NPS and agitation descriptors selected also increased with severity (median number of NPSs=1, 2, 2, and 3 for
MCI, mild, moderate, and severe dementia, respectively, Kruskal-Wallis H Test H;=250.47; P<.001; median humber of agitation
descriptors=1, 2, 3, and 4, H;=146.11; P<.001).
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Conclusions: NPSs and agitation are common targets for tracking over the course of dementia and appear more frequently with
increasing disease severity. These common and distressing symptoms represent clinically meaningful targets in treating people

with dementia.

(J Med Internet Res 2019;21(6):€13360) doi:10.2196/13360
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Introduction

Background

Cognitive decline is the hallmark of dementia, but more often
the accompanying neuropsychiatric symptoms (NPSs) trouble
peoplewith dementiaand their caregiversthe most. NPSs appear
acrossall types and stages of dementia[1-3] in asmany as 80%
to 90% of people with Alzheimer disease (AD) [4,5]. Apathy,
irritability, agitation, depression, and anxiety typically are noted
most often [6]. When specific NPSs arise, they vary with the
type of dementiaand its severity. In AD, apathy and depression
are most often seen early, whereas delusions, hallucinations,
and aggression become more preval ent with disease progression
[2]. Inits various guises, agitation is common across all stages
of dementia[2]. Thislikely reflects agitation’s multiple causes,
including biological subsyndromes [7], reaction to declining
cognitive function, and comorbid illnesses [8].

Defining Agitation

The understanding of agitation continuesto evolve. Recent work
to evaluate NPSs in dementia has focused on the symptom of
agitation. Without acommonly accepted consensus description
of agitation, it has been difficult to compare studies or even to
know which behaviors are included in studies of agitation [9].
For these reasons, the I nternational Psychogeriatric Association
proposed a provisiona consensus clinical and research
definition, so asto help define populationsfor clinical care and
research [9]. The proposed definition hasresulted in aliberally
construed notion of agitation, extending even beyond commonly
used broad-spectrum NPS measures, such as the
Neuropsychiatric Inventory (NPI) [10] and NPI-Clinician Rating
Scale (NPI-C) [11]. In conseguence of the newer approach, it
is important to know how bothersome agitation-defining
symptoms might be to people living with dementia and to their
caregivers. As more bothersome symptoms vary with illness
severity, knowledge of how caregivers describe and rate the
importance of agitation symptoms can improve the
understanding of the clinical meaningfulness of the myriad
manifestations of agitation. One useful method for eliciting this
information is by patient-centered, individualized measures,
which allow patients (crucially in dementia) and their caregivers
to specify which symptoms they find most troubling [12,13].

Web-Based Symptom Monitoring

The internet provides unprecedented access to the views of
people living with chronic diseases. It isnot yet clear asto how
best their views can be elicited. Our group has pioneered one
method of doing so. Since September 2006, the Dementia Guide
website [14] offers a resource for persons with dementia (3%
of users) and their caregivers (97% of users). Independently
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verified ascredible using the DISCERN eval uation methodol ogy
[15], the site provides a mechanism for tracking symptoms
important to caregivers and persons with dementia, thereby
defining them as meaningful. This methodology is supported
by previous work [16,17] and has allowed us to evaluate
common but often understudied symptoms such as verbal
repetition [18]. Although this approach cannot be used to
estimate prevalence and incidence rates, which require
representative population data, it can be used to compare
frequenciesin other nonrandom samples, and associations more
generally, especialy in relation to dementia severity.

Study Objectives

Here we used the dementia SymptomGuide to better understand
the symptom of agitation and how it is being targeted for
monitoring by caregivers. Specifically, our objectives were to
(1) define agitation using the dementia SymptomGuide and
evaluate how often it was being monitored across the stages of
dementia severity, (2) estimate the degree of agitation
experienced by people with dementia and how it varied with
stage, and (3) compare the reported frequency (episodes per
day) of agitation to other NPSs.

Methods

Ethics

The Research Ethics Committee at Nova ScotiaHealth Authority
provided approva for this study. Approval was sought from
Nova ScotiaHealth Authority asone of the authors on this study
(KR) is affiliated with the institution. SymptomGuide users
consented to terms of use, which included allowing their data
to be aggregated and used for research purposes. Users were
assured that research findings would be presented in a manner
that would not disclose personal or individual identifying
information.

Design, Participants, and I nstrument

For this cross-sectional study, participants were recruited from
the Dementia Guide website [14]. In addition to offering
information, the website makes available the dementia
SymptomGuide: a Web-based symptom tracker [19]. With the
dementia SymptomGuide, individual s create a Current Symptom
Profile to monitor the symptoms that are important to them.
Users can choose from astandardized inventory of 61 symptoms
and 609 symptom descriptions or enter symptoms and
descriptions of their own. The predefined symptom descriptions
overlap such that one symptom description can fall under more
than one symptom. For example, the description does not
recognize current dwelling as home from the disorientation to
place symptom overlapswith believesthey live somewhere else
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from delusions and paranoia. This redundancy is a built-in
feature to allow users multiple ways to address common
phenomena. Users note the occurrence of each selected symptom
and record its frequency at baseline and whenever they choose
to follow up. SymptomGuide users are also asked to rank their
chosen symptoms from most to least important (from most to
least bothersome). Symptom rankings were normalized as the
rank divided by total number of symptoms reported resulting
in a 0 to 1 scale, such that a weighted rank of 1 is most
important. At baseline, SymptomGuide users are also asked to
provide information on demographics, dementiadiagnosis, and
medication use. For those who select 3 or more symptoms, the
dementia stage can be determined using a staging algorithm
[17]. In this way, users have an individualized selection of
symptomsthat they track with standardized descriptionsto alow
comparisons across users. In this study, we used data from the
users first visit (baseline) only.

We attempted to determine the level of cognitive impairment
for al userswith our staging algorithm [17]. Userswho selected
fewer than 3 symptomswere excluded from the analysis because
the staging algorithm requires at least 3. Users for whom stage
could be determined were categorized into 4 level s of cognitive
impairment (mild cognitive impairment [MCI], mild dementia,
moderate dementia, or severe dementia) as previously described
by our group [17]. To control for outliers, if the number of
symptoms selected by auser was greater than the 95th percentile
(morethan 23 symptoms), they were excluded from the analyses.
Symptom frequencies were truncated at 10 episodes per hour
(99th percentile) plus 1, such that symptom frequencies greater
than 10 episodes per hour wereimputed as 11 episodes per hour.

Mapping Agitation to Symptom Descriptions

Agitation itself does not appear as one of the 61 symptomsin
the dementia SymptomGuide Library. Instead, descriptions of
many symptoms refer to agitation and its key components. To
operationalize agitation, we took terms consistent with the
International Psychogeriatric Association and NPI-C agitation
definition [9,11] and mapped each term to SymptomGuide
symptom descriptions. For example, the term screaming from
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the International Psychogeriatric Association’s consensus
definition was mapped to the SymptomGuide descriptions: yells,
shouts, or screams, verbally attacks others (eg, shoutsinsults),
resists and refuses assistance with verbal outbursts, and yells
at, or becomes easily angry with grandchildren. In this way,
90 dementia SymptomGuide descriptions from 33 separate
symptoms were combined to define agitation (Multimedia
Appendix 1).

Statistical Analysis

Participant characteristics were reported as frequencies and
percentages, means and SD, or medians and ranges as
appropriate. Percentages were based on the number of
individuals with available data for each specific characteristic.

Objectives were evaluated using Pearson chi-squared test to
compare the reported proportion of agitation and NPSs between
stages of dementia severity (objective 1), Kruskal-Wallis
one-way analysis of variance by ranks to compare the number
and proportion of NPSs and agitation descriptors across groups,
and a post hoc analysis with the Mann-Whitney-Wilcoxon test
to determine pairwise associ ations (objective 2), and anticipating
anon-normal distribution, we analyzed differencesin reported
episodes per day between symptoms using the nonparametric
Mann-Whitney-Wilcoxon test (objective 3). All analyses were
performed using R statistical software (R Core Team, Austria).
All post hoc multiple comparisons were performed using
Bonferroni corrections, by multiplying P values by the number
of comparisons. Differences were considered statistically
significant for values less than .05.

Results

Design and Participants

As of March 2017, the dementia SymptomGuide database
consisted of 4121 participants who created a symptom profile
to monitor symptoms as targets for treatment. Of those, 2577
had 3 or more symptoms needed for the staging algorithm and
sowereincluded inthe study (Figure 1). Most participantswere
elderly North American women (Table 1).
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Figure 1. Participant inclusion chart. Participants were included in the analysis population if they met staging criteria excluding users who selected
more than 23 symptoms (95th percentile). MCI: Mild Cognitive |mpairment.

Online data collection through
SymptomGuide

4121 users created symptom
monitoring profiles

2775 met staging
criteria

1346 did not meet
staging criteria

198 selected>23

Included in Analyses

symptoms 2577 staged
I
717 MCI 1040 mild 516 moderate 304 severe
Table 1. Participant characteristics.

Characteristic Total Mild cognitive impairment Mild Moderate Severe
Participants, n 2577 717 1040 516 304
Age (years), mean (SD?) 76 (12) 74 (15) 75(12) 77 (12) 77 (12)
Percentage® of women 63 63 65 61 62
Percentage® of participants with Alzheimer disease 61 100P 76 57 42
Percentage® living in care facility® 13 1 7 20 19
Percentage® with education =high school ” 82 78 78 71

87 84 87 89 86

Percentage® of North Americans

8gtatistic/percentage of participants who reported information.
bTwo participants reported disease type in the mild cognitive impairment group.
CCarefacility included retirement homes and nursing homes.
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Reported Symptoms of Agitation

Of the 61 symptoms, 33 contained descriptions of agitation, of
which 15 were NPSs (Multimedia Appendix 2). For example,
one description of agitation from a non-NPS (looking after
grandchildren) is yells at or becomes easily angry with
grandchildren. Two-thirds of the most common symptoms
(10/15) were an NPS, included a description of agitation, or
were both (Figure 2). On average, 7.7 (SD 4.7) symptoms were
targeted (median=4, range 3-23) per participant. In most
participants (82.54%, 2127/2577), at least 1 symptom was an
NPS. Agitation was selected across al stages with 73.65%
(1898/2577) of participants reporting at least one description
of the symptom. Agitation was reported least often in the MCI
group (68.5%, 491/717) and most often in the severe dementia
group (90.5%, 275/304).

Agitation was most often described by verbalizations such as
Argumentative or difficult with others (reported by 20.49%,

Rockwood et al

312/1523 of participants with ranked symptoms; Figure 3),
Makes commentsthat are mean or hurtful (15.17%, 231/1523),
Yells, screams, or shouts (8.93%, 136/1523), or verbally attacks
others (8.54%, 130/1523). The 15 most commonly reported
descriptions of agitation are shown in Figure 3. The frequency
of the description did not correlate with the participants’ ranking
of importance of the symptom (r=.03; P=.1). For example, the
symptom descriptions verbally attacks others and says the same
word or phrase over and over again were ranked similarly
(mean 0.42 for both) but had significantly different reported
median episodes per day (1.6 versus 5.0; P=.01). The reported
occurrence of any description of agitation was, on average, 7
times per day (median 2, interquartile range: 1.0-5.0) which
was significantly more frequent than other NPSs at 4 times per
day (median 1, interquartile range: 0.7-4.0; P<.001). The
rankings of NPSs were rated more important than those for
descriptions of agitation (median weighted rank 0.62 vs 0.51;
P<.001).

Figure 2. Prevalence of symptoms most frequently being monitored on the dementia SymptomGuide by type of symptom. The proportion (% of
participants) £SEp monitoring the 15 most frequently monitored symptoms. " Agitation"=non-NPSincluding adescription of agitation, "Other NPS'=NPS
which does not include a description of agitation, "Agitation & NPS'=NPS that includes a description of agitation, "Neither"=symptom is not an NPS
and does not include a description of agitation. NPS: Neuropsychiatric Symptoms, SEp: Standard Error of Proportion.
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Figure 3. Ranking and daily frequency of the most common descriptions of agitation. Relationship between rank of importance (A) and number of
episodes per day (B) of the 15 most commonly reported descriptions of agitation. “More Important” rank=1.00-0.67, “Important” rank=0.66-0.34, “Less

Important” rank=0.33-0.00.

A Descriptor Rank
HMore Important BEImportant [OLeast Important

Easly tearful or upset NN |
Restiss curng seep NN |

Primariy concerned with their own needs Y

Thinks and taks negatvely NN |

Restless, fidgets, or can't sit stil Y ]

Makes comments that are mean or hurtful [ |

Persists in reteling even after being told they are repeating [ ]
Jumpy or easly sterted NN |

Yels, screams, or shouts [N ]

Makes negative comments about themselves [T ]
Argumentative or difficut with others [ N |

Episodes per day
H=5 E>1to5 O<1

Says the same word or phrase over and over again ||

Verbaly cttacks otrers [N |

Complains of not being able to say what he or she means ||

Repeatedly asks the same question | ]

o

0% 20% 40%

Variations by Severity

The proportion of participants with at least 1 NPS showed an
increasing trend in relation to dementia severity—75.7%
(543/717), 83.27% (866/1040), 82.2% (424/516), and 96.7%
(294/304) for MCI, mild, moderate, and severe, respectively
(x%5=65.8; P<.001). Similarly, the proportion of participants
with at least 1 agitation description increased with severity:
68.5% (491/717), 72.50% (754/1040), 73.3% (378/516), and
90.5% (275/304) for MCI, mild, moderate, and severe,
respectively (X23:54.9; P<.001). A post hoc pairwise analysis
showed that for people with severe dementia, there were high
instances of both NPSs and agitation (Figure 4). We next
compared the number of NPSs and agitation descriptions
reported per participant by stage (Figure 5). There was a
significant association between dementia severity and number
of NPSs, with higher numbers of NPSs being reported in people
with severe dementia (median 1, 2, 2, and 3 for MCI, mild,
moderate, and severe, respectively; H;=250.47; P<.001).
Similarly, there was a significant association between severity
and agitation, with higher numbers of agitation descriptorsbeing
reported in those with severe dementia (median 1, 2, 3, and 4;
H5=146.11; P<.001). For both measures, there were significant
pairwise differences (P<.001) between every stage of dementia
except mild and moderate. We also examined the prevalence
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of NPSs and agitation by stage and user-reported dementia
diagnosis (Multimedia Appendix 3). The prevalence of both
NPSs and agitation generally increased with dementia severity,
in particular, in participants who reported a diagnosis of AD.

Finally, the proportion of total symptoms that were
neuropsychiatric (number of NPSs divided by total number of
symptoms) and the proportion of total descriptions related to
agitation (number of agitation descriptions divided by total
number of descriptions) were calculated for each participant
(Figure 5). The proportion of NPSs varied significantly with
stage, with the highest proportion occurring in those with severe
dementia: median 27.3%, 25.0%, 25.0%, and 28.6% for MClI,
mild, moderate, and severe, respectively (H;=17.39; P<.001).
Similarly, the proportion of agitation description was highest
in those with severe dementia: median proportion 8.3%, 6.7%,
7.2%, and 9.2% (H5=24.75; P<.001). Post hoc comparisons
between stages revealed significant differences between the
severe group and mild and moderate groups (P<.001 and P=.03,
respectively) for NPSs and between the severe group and the
MCI, mild, and moderate groups (P=.02, P<.001, and P=.002,
respectively) for agitation. In participants who reported a
specific dementiadiagnosis, the number of NPSs and agitation
descriptors sel ected increased with disease severity, significantly
so in AD, vascular dementia, and frontotemporal dementia
(Multimedia Appendix 4).
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Figure 4. Proportion of participants who selected at least one NPS or description of agitation increased with stage. (A) % of participants who selected
at least one NPS. (B) % of participantswho selected at | east one description of agitation. Bonferroni adjusted P values. MCI: Mild Cognitive Impairment,
NPS: Neuropsychiatric Symptoms, p: P value.
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Figure 5. Number and proportion of symptoms that were NPS or descriptions of agitation were higher in the severe stage. Number of NPS (A) and
descriptors of agitation (B) reported per subject in each stage. Proportion of symptoms targeted that are NPS (C) and symptom descriptions targeted
that are descriptions of agitation (D) by stage. Outliers are shown here as observations above Q3 + 1.5 IQR (the 75th percentile + 1.5 timestheinterquartile
range). Bonferroni adjusted P values. IQR: Interquartile Range, MCI: Mild Cognitive Impairment, NPS: Neuropsychiatric Symptoms, p: P value.
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Discussion

Principal Findings

Using the SymptomGuide Web-based tracking tool, we
determined how dementia caregivers selected symptoms of
agitation astargetsfor monitoring. Acrossall stages, symptoms
that define agitation, including NPSs, were tracked by most
users. The proportion in whom agitation was tracked increased
with severity of cognitive impairment. Although most of the
symptoms that were chosen for monitoring tended to occur
frequently, a few were tracked even when they occurred
uncommonly. Thissuggeststhat theimpact of agiven symptom
to caregiver distress might reflect either its content or its
frequency or both. The range of specific symptoms that were

https://www.jmir.org/2019/6/€13360/

RenderX

B
501 P<.001
8 P<.001
§e) " P<.001
2 40 " P<.001 '
) " p<.001 '
[p]
m - - -
ge]
c 301
.9 - - .
g . . :
2 207 : . H
Y— -
S : : :
gy i
g I__LI
[ ] | ]

prd 0 [ 1 | | [

MCI Mild Moderate  Severe
<
- D
ie] _
:‘i . P=.02
) . P<.001
g P=.002
+ 100+
ge] .
Q
T gp-
B - -
[ -
0 . .
S 60 - : : :
fe H H i .
G 40 I H '
[p]
S .
qa 20_
c —
S 0 '
t T T T T
2 MCI Mild  Moderate Severe
o)
o

identified for tracking also suggests the merit of a
broad-spectrum approach to agitation, and perhapsthe need for
individualization to make tracking feasible. Asit isimportant
to validate our methodological approach, we compared our
estimates of frequency of individual NPSs and agitation
symptoms (from Web-based patient/caregiver reports) to data
collected more traditionally in memory clinics. A large,
nonrandom study by Siafarikas et @ [20] used data from the
Norwegian national registry of memory clinics (n=4571) to
examine the frequency of NPSs and NPS subgroups in MCI
and the different stages of AD. The study thereby notably
provides arecent and contemporary database of symptoms and
associations, collected to the high standard inherent in anational
registry. We were interested to know whether trends similar to
those found there could be detected using our Web-based data
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of predominantly North American caregiver reports.
Recognizing that the differencesin care and treatment practices
between Norway and North America may be in play,
nevertheless, our approach appears to be valid. For example,
our estimate of the proportion of people with at least 1 NPS
(82.54%, 2127/2577) corresponds closely to Norwegian
estimates that NPSs were present in 87.2% of people with MCI
or AD examined with validated neuropsychiatric cognitive
assessments. Our data were consistent with that paper’s report
of at least 1 NPS in 79.5% of MCI subjects and in 91.2% of
those with AD and showed a similar trend of increasing NPSs
with increasing dementia severity (Figure 4) [20]. In further
support of our findings, Peters et a [21] characterized NPSs
using data from A Canadian Cohort Study of Cognitive
Impairment and Related Dementias [22] and found similar
trends, with 74% of those that were cognitively impaired-not
demented and 89% of those with dementia reporting at least 1
NPS. In keeping with our findings, they a so found that agreater
proportion of subjects experienced agitation with increasing
levelsof cognitiveimpairment (23% inthe CIND group vs 36%
in the dementia group). Similar comparability was seen when
we mapped the dementia SymptomGuide symptom descriptions
to the Neuropsychiatric Inventory-Questionnaire (NPI-Q)
agitation/aggression domain used in the Siafarikas et a [20]
study. Note that in contrast to the 90 SymptomGuide
descriptions that aligned with what was described in the
International  Psychogeriatric  Association’s  provisiona
consensus report, only 50 such descriptions could be mapped
to the NPI-Q agitation/aggression domain. However, the
proportion of peoplewith NPI-Q aggression/agitation increased
with the severity of cognitiveimpairment—from 23% in people
with MCI to 35% in people with moderate-severe dementia,
close to our estimates using just those 50 descriptions: 19.0%
(136/717) and 40.2% (330/820), respectively.

The similarity of our data with estimates from clinically
adjudicated reports adds to our understanding of the validity
and fidelity of Web-based data, at least where the Web-based
reporting tool has been optimized for motivated users [19].
Resources such asthe SymptomGuide increase the opportunity
to capture thelived experience of peoplewith dementia. In being
able to demonstrate which of the symptoms with agitation are
sufficiently salient to be monitored by caregivers, our datajoin
those from the Norwegian registry report to offer empirical
insights into the International Psychogeriatric Association’s
provisional consensus clinical and research definition.

We were also able to assess the degree to which individuals
experienced NPSs and agitation. We found that the number of
NPSs and agitation descriptions reported per participant
increased with dementia severity and were significantly different
between all stages except mild and moderate. This finding
should be interpreted carefully, however, as the total humber
of reported symptoms (and by extension, the total number of
descriptions) also generally increaseswith severity. Moretelling
measures were the proportion of a participant’s symptoms that
were NPSs and the proportion of descriptions that related to
agitation. We found similar estimates to those reported in other
studies [20,21] showing that those with severe dementia
experienced the highest degree of NPSs and agitation (median
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28.6% of symptoms were NPSs; median 9.2% of descriptions
were related to agitation). Of all the NPSs, agitation is often
singled out as particularly troublesome and has become the
focus of many investigations exploring the well-being of people
with dementia and/or their caregivers [23,24]. To varying
degrees of success, arange of pharmacological, psychological,
and physical approaches are used to treat NPSs [1]. Despite
their many advantages, instruments such asthe NPI, NPI-Q, or
NPI-C are highly structured and leave little room for
customization or individualization by respondents. In other
words, most self-report scales used for measuring NPSs contain
predefined items or domains that have been deemed significant
by the researcher, rather than the people with dementia and/or
their caregivers. Asaresult, much lessis known about the NPSs
that are important to people with dementia or their caregivers,
especialy ones not included in NPS scales or measurements
[9]. In this study, we did not have a comprehensive symptom
inventory for each individual, however, we did have a list of
symptoms selected for treatment, predominantly by caregivers.
In this case, and as previously observed [25], agitation appears
to be apotent symptom that israrely ignored. Theitems selected
by our caregiver/patient users were comparable in frequency
and severity with those described by caregiversin the Norwegian
national dementia registry, which also offers a comprehensive
but nonrandom sample.

Limitations

Our data must be interpreted with caution. As the dementia
SymptomGuide does not include a symptom for agitation, we
used 90 of 609 specific symptom descriptionsto define agitation.
Thiswide range of symptomsisin keeping with what has been
proposed in the provisional consensus definition of the
International Psychogeriatric  Association [9]. Arguably,
focusing on descriptors of behavior versus interpretation of
behaviors is a strength, particularly given that the participants
are nonprofessionals. However, such a broad definition of
agitation may over represent the number of casesin thissample.
For example, in keeping with that proposal, we included verbal
repetition in our definition of agitation. This also reflects
observations laid out elsewhere that verbal repetition might
reflect anxiety as much asimpaired memory [18]. In this sense,
verbal repetition could be considered a form of psychomotor
agitation, a prospect that requires additional inquiry.
Furthermore, we note that the data in this study consist in
self-reported questionnaire responses, with nontechnical
accounts completed by care providers and a few people with
dementia. Even so, this approach is in line with the goal of
developing clinically meaningful data [12]. In this study, only
data from the first (baseline) Web visit were used. It would
indeed be interesting to track the patterns of symptoms over
timein future studies, as numbers accumulate to allow sufficient
disaggregation of data. The introduction of mobile health apps
for smartphones and tabl ets should accelerate data acquisition.

Conclusions

The importance of agitation symptoms as atarget for treatment
in our study supports the need for more well-controlled studies
of both nonpharmacologic and pharmacologic treatments of
agitation across all stages of AD, as well as the need for a
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universally accepted operational definition of agitation in this
context. In any erain which importance is being placed on the
lived experience of people with dementia, how do we
incorporate their point of view? How can we extricate their
views from those of the peopleinvolved in their care? How can
we balance the accessibility of Web-based resources with the

Rockwood et al

Web? Can Web-based data be used to detect patterns in
treatment response that might inform our understanding of
mechanisms in dementia? These questions are motivating
additional inquiries so that we can develop amorewell-rounded
understanding of how dementia affects the lives of the people
towhom it isa challenge.

interpretability of the data which might be generated on the
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stage, stratified by reported dementia type. Outliers were omitted for improved clarity. For each type of dementia, differencesin
number were tested by Kruskal-Wallis one-way ANOVA by ranks. Note that patients with mild cognitive impairment were not
included in this analysis because they did not provide dementia diagnoses. Bonferroni adjusted P values.
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Abstract

Background: Inadequate patient education and preparation for office-based procedures often leads to delayed care, poor patient
satisfaction, and increased costs to the health care system. We devel oped and deployed a mobile health (mHealth) reminder and
education program for patients scheduled for transrectal prostate biopsy.

Objective: We aimed to evaluate the impact of an mHealth reminder and education program on appointment cancellation rates,
communication frequency, and patient satisfaction.

Methods: We developed atext message (SMS, short message service)—based program with seven reminders containing links
to Web-based content and surveys sent over an 18-day period (14 days before through 3 days after prostate biopsy). Messages
contained educational content, reminders, and readiness questionnaires. Demographic information, appointment cancellations or
change data, and patient/provider communication events were collected for 6 months before and after launching the intervention.
Patient satisfaction was evaluated in the postintervention cohort.

Results: The preintervention (n=473) and postintervention (n=359) cohorts were composed of men of similar median age and
racial/ethnic distribution living a similar distance from clinic. The postintervention cohort had significantly fewer canceled or
rescheduled appointments (33.8% vs 21.2%, P<.001) and fewer same-day cancellations (3.8% vs 0.5%, P<.001). There was a
significant increase in preprocedural telephone calls (0.6 vs 0.8 calls per patient, P=.02) in the postintervention cohort, but not a
detectable change in postprocedural calls. The mean satisfaction with the program was 4.5 out of 5 (SD 0.9).

Conclusions: An mHealth periprocedural outreach program significantly lowered appointment cancellation and rescheduling
and was associated with high patient satisfaction scores with aslight increase in preprocedural telephone calls. Thisled to fewer
underused procedure appointments and high patient satisfaction.

(J Med Internet Res 2019;21(6):€14094) doi:10.2196/14094

KEYWORDS
text messaging; appointments and schedules; mHealth; quality improvement; urology; prostate neoplasm

grew from approximately 110,000 to 12 million procedures[2].
At least 60% of urologic procedures are performed in the
outpatient setting, with prostate biopsy and cystoscopy being
the most common outpatient urologic procedures [3]. Prostate
biopsy remains essential for diagnosing and monitoring prostate
cancer. However, safe in-office biopsy requires preprocedural
preparation, such as prophylactic antibiotics, and postprocedure

Introduction

Background

Surgical procedures are increasingly being performed in
outpatient facilities such as physician offices or ambulatory care
centers [1]. From 1981 to 2009, outpatient procedure volume
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symptom assessment. |nadequate education regarding the
importance of prostate biopsy and preparation for the procedure
can lead to delays in care, canceled appointments, decreased
patient satisfaction, and costs to the health care system [4,5].
Prior reports have found that clinics can lose up to 16.4% of
their daily potential revenue because of late cancellations or
no-shows [6,7]. Moreover, patients often have anxiety about
discomfort they may experience, procedure-related risks such
as infection, and receiving concerning biopsy results, which
likely contribute to missed appointments and nonadherence to
patient instructions [8-10].

Health systems are expanding their use of mobile technologies
to improve communication with patients. Severa trials have
shown that text message (short message service, SMS) reminders
can improve medication adherence and clinical attendance for
appointments [11,12]. Mobile health (mHealth) interventions
have also led to improved rates of patient adherence in colon,
breast, and cervical cancer surveillance cohorts [13-15]. In
prostate cancer care, electronic health (eHealth) and mHealth
interventions have helped patients understand their disease
severity, weigh the risks and benefits of various treatment
options, and track key information such as prostate-specific
antigen (PSA) laboratory results [16]. However, there are no
mHealth interventionsin urology that addressthe actual receipt
of care and the interaction between patients, providers, and the
clinic [16]. Prostate biopsies are a relatively complex patient
encounter that provides an opportunity to improve
communication and efficient care delivery with an mHealth
intervention. In order to undergo asafe prostate biopsy, patients
may need to hold anticoagulation medications prior to the
procedure, take prophylactic antibiotics at home, self-administer
arectal enema, or get preprocedural magnetic resonance imaging
(MRY). After the procedure, patientsare at risk for bleeding and
infection.

Objectives

We devel oped and deployed an mHealth SM S-based reminder,
education, and procedure preparedness assessment program for
patients scheduled for transrectal prostate biopsy and eval uated
theimpact on patient appointment completion. We hypothesized
that rates of canceled or rescheduled appointments would
decrease following deployment of the program. We aso
evaluated communication frequency between patients and
providersto assessfor potential changesin provider workloads
and patient satisfaction with the mHealth intervention following
implementation of the program.

Methods

Development

We developed an SM S-based program for patients undergoing
MRI-transrectal ultrasound (TRUS) fusion prostate biopsy at
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a busy academic urologic oncology practice at the University
of California, San Francisco (UCSF). The program consisted
of 8 text messages sent over an 18-day period, with the first
message sent 14 days before prostate biopsy and the last
message sent 3 days after the procedure (Table 1). The text
messages contained short reminders or educational material
with links to more detailed Web-based content and short
guestionnaires (2 to 4 questions) that could be viewed on a
mobile phone. Educational content included step-by-step
descriptions of the biopsy procedure, theimportance of antibiotic
and enema adherence, and an embedded animated video on the
importance of getting aprostate biopsy. If patients had amobile
phone without internet capabilities, they could still view the
text messages but did not have access to linked content. We
developed software that integrated with the electronic health
record (EHR; Epic Systems Corporation) to extract demographic
data and contact information for a patient when they are
scheduled for a prostate biopsy and automatically enroll them
to receive text messages. We used services from a commercial
provider (Medumo Inc) to send text messages and log results.
Patients received a short message at the time of appointment
scheduling which welcomed them to the program and allowed
them to opt out of receiving messages.

We employed adevel opment process detailed in an earlier report
to prototype, refine, and evaluate the SM S-based intervention
[17]. We first collated all materials given to patients in clinic
or viathe EHR patient portal and call scriptsfor periprocedural
reminder phone calls. We engaged stakeholders (clinic
managers, nurses, and urologists) to identify key prostate cancer
concepts that patients expressed difficulty understanding and
the nature and timing of preparatory steps that patients had
difficulty following. With the guidance of clinical staff and
providers, preparatory instructions and patient education
concepts within all materials were identified, modified, and
incorporated in the mHealth intervention. These included
instructions and questionnaires for antibiotic adherence,
anticoagul ation management, enema use, and confirmation of
completion of prostate MRI for patients undergoing MRI-fusion
biopsy. Postprocedure symptoms were assessed via
guestionnaire. Messages and Web-based content were written
to an 8th grade reading level using the Flesch-Kincaid Grade
Level [18].

Any concerning preprocedure responses (such asfailing to stop
anticoagul ation) triggered an email to the clinic manager, who
then triaged follow-up to the appropriate nurse. Concerning
postprocedure responses (fever, bleeding) prompted patientsto
contact the clinic (routed to the on-call physician after hours)
in addition to triggering an email alert. Informed by the expertise
of clinical providers and the American Urological Association
guidelinesfor prostate biopsy, weidentified theideal temporality
of content to guide when text messages should be sent to patients
(Table1) [19].
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Table 1. Schedule of text messages sent to patients.
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Day Time Content sent

At registration Enrollment Program welcome, patient homepage link

14 days before 10 am Magnetic resonance imaging and medication survey
12 days before 10am Educational information and video on program

7 days before 9am Key items to obtain and fleet enema instructions

1 day before 9am Preprocedure readiness survey

Day of procedure 7 am Antibiotic and Fleet enema reminder

Day of procedure 5pm Postprocedure precautions

2 days after 10am Follow-up symptom survey

4 days after 5pm Satisfaction survey

Study Design and Data Sour ces

The program was launched on May 1, 2018, as a practice-wide
quality improvement initiative. The preintervention cohort was
defined as patients undergoing prostate biopsy in the 6-month
period prior to program launch (November 1, 2017, to April 30,
2018) and the postintervention cohort was defined as patients
undergoing prostate biopsy during a 6-month period (June 1 to
November 30, 2018); patients were required to have a phone
number to a mobile phone with SM S capabilities stored in our
medical record system. There was a 1-month washout period
dividing the two cohortsto account for patientswho had biopsies
scheduled within 14 days and would therefore not receive the
full sequence of text messages. We retrospectively obtained
appointment and communication frequency statistics.

Demographic information (age, race/ethnicity, distance from
home to our clinic [km], urban vs rural geography, Diez-Roux
neighborhood score based on patient zip code as a proxy for
socioeconomic status [20], and insurance type), data on the
occurrence and timing of appointment cancellations and
rescheduling, and  patient-provider =~ communications
(patient-provider phone calls and Epic MyChart in-basket
messages) were collected from the electronic medical record
for patientsin the preintervention and postintervention cohorts.
Providers involved with patient communication included
urologists, nurse practitioners, registered nurses, and nurse
navigators.

Outcomes and Analyses

The primary outcome of this study was the percentage of
prostate biopsy appointmentsthat were canceled or reschedul ed.
We further categorized cancellations by their temporality
(same-day or within 7 and 14 days of scheduled appointment).
We defined cancellation lead time as the number of days before
the scheduled appointment that the appointment was canceled
or rescheduled. Secondary outcomes included nature and
frequency of patient-provider communications and patient
satisfaction. Communications were defined as being
preprocedural  (within 14 days before appointment),
postprocedural (within 7 daysafter), or periprocedural (14 days

https://www.jmir.org/2019/6/€14094/

before to 7 days after). In-basket messages were defined as all
relevant patient-provider and provider-provider messagesin the
Epic MyChart portal. Patient messages to providers regarding
medical advice, provider messages to patients, and
provider-provider messageswere also collected and categorized.
Patient satisfaction, as gauged by three survey questions
delivered viatext message on the last day of the program, was
evaluated in the postintervention cohort. The questions were
scored on a5-point Likert scale and included the following: (1)
How highly would you recommend this digital instruction
program to a family member or friend? (1 = would not
recommend and 5 = would highly recommend), (2) Overall,
how satisfied are you with the care you received? (1 = not
satisfied at al and 5 = very satisfied), and (3) What did you
think of the number of reminders? (1 = far too many messages,
3 =theright number of messages, and 5 = far too few messages).

Baseline differencesin the preintervention and postintervention
cohorts were compared using chi-square tests for categorical
factors and samplet tests or Mann-Whitney testsfor continuous
factors. All analyses were performed using R 3.5.1 (The R
Foundation). This study was approved by the UCSF institutional
review board.

Results

Sample Characteristics

Therewere 473 patientsin the preintervention cohort (November
1, 2017, to April 30, 2018) who did not receive the SMS
program, and 359 patients in the postintervention cohort who
were enrolled in the 18-day mHealth program (Table 1 and
Figure 1). Four eligible patients (1.1%) in the postintervention
cohort opted out of the mHealth program. The preintervention
and postintervention cohorts were composed of patients of
similar median age (67.0 vs 67.6 years, P=.55) and of
comparabl e racial/ethnic demographics (75.3% vs 76.0% white,
P=.44; Table 2). Patientsin both cohortslived asimilar median
distance from care (74 vs 73 km, P=.74) and primarily lived in
urban or metropolitan areas (88.5% vs 87.1%, P=.68). There
were no differences in socioeconomic status as measured by
neighborhood score (P=.39).
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Figure 1. Text message with link to Web-based questionnaire sent to patients the day before procedure.
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Table 2. Patient demographicsin the preintervention and postintervention cohorts.

QUESTION 1

Do you fully understand the
procedure you are having
tomorrow?

QUESTION 2

If you take blood thinners and
were instructed to stop before
your biopsy, have you stopped?

QUESTION 3

Did you pick up your antibiotic
from the pharmacy and
understand when to take it?

QUESTION 4
Have you purchased a fleet
enema and know how to use it?

CLOSING STATEMENT

If you need any additional
support, please call us at
415-353-7171 during business
hours (M-F, 8am-4:30pm).

Characteristic Preintervention (n=473) Postintervention (n=359) P value
Agein years, median (IOR% 67.5 (61.9-72.2) 67.0 (61.3-72.5) 55
Ethnicity, n (%) 44

Caucasian 356 (75.3) 273 (76.0)

Black or African American 30 (6.4) 18 (5.0)

Hispanic or Latino 14 (2.9) 17 (4.8)

Asian 28 (5.9) 21(6.0)

Other/unknown 45 (9.6) 30(8.3)
Distance from clinic (km), median (IQR) 74 (21-202) 73 (23-192) 74
Urban, n (%) 419 (88.5) 313(87.1) 68
Rural, n (%) 53 (11.2) 43(12.1)
Neighborhood score, median (1QR) 4.6 (1.7-7.5) 39(1.3-75) .39
Insurance, n (%) .88

Commercial insurance 187 (39.6) 148 (41.2)

Medicare 266 (56.3) 194 (54.0)

Medi-Cal 18 (3.8) 15 (4.3)

Self-pay 2(0.3) 2(0.5)

3 QR: interquartile range.

Appointment Cancellation or Rescheduling

Therewere 37.3% fewer cancel ed or reschedul ed appointments
in the postintervention cohort compared with the preintervention
cohort (33.8% vs 21.2%, P<.001; Table 3). Same-day
cancellationswere reduced by 86.8% with theintervention, with
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3.8% of patientsin preintervention cohort canceling on the day
of their appointment compared with 0.5% in postintervention

cohort (P<.001). Appointment cancellation or rescheduling
within 7 days (13.1% vs 8.6%, P=.03) and within 14 days
(19.0% vs 12.6%, P=.01) was aso significantly lower in the
postintervention cohort. There was not a detectable difference
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inthe median lead time to cancellation or rescheduling between
the preintervention and postintervention cohorts (10.7 vs 10.8
days, P=.32). There were no detectable differences in patient
age, race/ethnicity, geography, neighborhood socioeconomics,
or insurance type between patients canceling or rescheduling
appointments and those who did not.

Patient-Provider Communication

Compared with the preintervention period, in the
postintervention period there was a significant increase in
preprocedural in-basket messages (3.6 vs 4.1 messages per
patient, P=.04) but not in postprocedural in-basket messages
(1.3 vs 1.4 messages per patient, P=.56; Table 4). There were

Balakrishnan et d

no detectable differences in periprocedural messages from
patients to providers (1.6 vs 1.8, P=.34) or messages from
providers to patients (1.5 vs 1.5, P=.88) when comparing the
preintervention and postintervention cohorts. When looking at
provider-provider in-basket message communication, therewere
significant increases in message volumes forwarding patient
charts with comments (0.5 vs 0.9, P<.001) and clinic orders
(0.6 vs 0.9, P<.006) in the postintervention period. After
launching the intervention, there was an increase in
preprocedural phone communication with patients (0.6 vs 0.8
telephone calls per patient, P=.02) but not in postprocedural
phone communications.

Table 3. Appointment cancellation and rescheduling in the preintervention and postintervention cohorts.

Characteristic Preintervention (n=627%) Postintervention (n=420% P value
Total patients, n 473 359
Appts?, completed, n (%) 412 (65.7) 330 (78.6) <.001
Appts, no-show, n (%) 3(0.5) 1(0.2) 92
Appts, canceled or rescheduled, n (%) 212 (33.8) 89 (21.2) <.001
Canceled or rescheduled, same-day 24 (3.8) 2(0.5) <.001
Canceled or rescheduled, within 7 days 85(13.1) 38 (8.6) .03
Canceled or rescheduled, within 14 days 119 (19.0) 54 (12.6) .01
Cancel or reschedule lead days, median (IQR)° 10.67 (2.86-24.86) 10.79 (4.75-27.92) 32
Al percentages are reported as a proportion of the total appointments scheduled in each column.
bA ppts: appointments.
%IQR: interquartile range.
Table 4. Periprocedural communication volume per patient in preintervention and postintervention periods.
Characteristic Preintervention, mean (SD)? Postintervention, mean (SD)® P value
All in-basket messages 4.9 (5.0) 5.6 (5.6) .05
Preprocedural 3.6 (4.0) 4.1(4.9) .04
Postprocedural 1.3(2.3) 1.4(2.3) .56
Patient message to provider 1.6 (2.6) 1.8 (3.0 .34
Preprocedural 1.1(2.0) 1.3(2.4) A1
Postprocedural 0.5(1.3) 0.4(1.2) 46
Provider message to patient 15(1.8) 15(2.2) .88
Preprocedural 1.2(15) 12(21) .87
Postprocedural 0.3(0.8) 0.3(0.8) 42
Provider-provider message 21(24) 25(2.2) <.001
Preprocedural 15(L9) 1.7(L7) .05
Postprocedural 0.6 (1.1) 0.8(1.1) .01
Patient-provider telephone call 0.8(1.1) 1.0(1.6) <.001
Preprocedural 0.6 (1.0) 0.8(1.5) .02
Postprocedural 0.2 (0.5) 0.2 (0.5) .24

8A|| values represent mean (SD) messages per patient, per appointment.
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Patient Satisfaction

Mean patient satisfaction with the text message program was
4.5 out of 5 (SD 0.9), and the mean satisfaction with overall
care was 4.8 out of 5 (SD 0.6, see Methods section for details
on questions and scoring system). Patient opinion of text
message quantity was 2.8 out 5, with ascore of 3 corresponding
to the right number of messages (SD 0.4).

Discussion

Principal Findings

An SMS-based mHealth periprocedural outreach program
significantly lowered both last-minute and overall appointment
cancellation and rescheduling and was associated with high
patient satisfaction scores and a low opt-out rate. While the
number of secure message and telephone interactions with
patients slightly increased, this was associated with fewer
underused procedure appointments and high patient satisfaction.

Preventing Appointment Cancellations

Appointment cancellations, particularly same-day cancellations
and no-shows, can significantly burden health care systems.
Additionally, inability to undergo the procedure after arrival
dueto inadequate preprocedure preparation isasignificant time
burden and inconvenience to patients, who often drive long
distances from their home or take time off from work. For
patients being evaluated for prostate cancer, procedure
completion is essentiadl for providing timely care. A
meta-analysis of randomized controlled trials assessing the
impact of SMS reminders in a wide range of practice settings
found that reminders significantly increase attendanceto health
care appointments [12]. These results have been reinforced in
the cancer screening literature. A systematic review of the
impact of text message interventions on cancer screening rates
found that absolute screening rates for patients receiving SMS
reminders was 0.6% to 15% higher than for controls [14].
Cancer screening or surveillance patients sometimes share
similar needs in terms of procedural preparation and patient
education. For example, patients undergoing workup for colon
cancer and prostate cancer both require adherence to several
preparatory steps. In arandomized trial, Deng and colleagues
found that an SMS reminder program significantly reduced
cancellations from 8.0% to 4.8% in a clinic performing
gastrointestinal endoscopy under sedation [13]. Similar to our
program for patients undergoing prostate biopsy, their program
contained reminders for key preparatory steps that often lead
to cancellation, such asfailure to discontinue an anticoagul ant.

Selecting the Appropriate Platform

As more technologies for patient-provider communication
become available, it is important to choose the appropriate
method of communication to match the needs and technology
literacies of specific patient populations. Web- and SM S-based
technology has shown considerable promise in improving care
for patients with prostate cancer. Kenfield and colleagues [21]
found that patients with prostate cancer are amenable to using
digital interventions (interactive website, text messaging, and
aphysical activity tracker) and that these interventions helped
them adopt recommended lifestyle and dietary changes. A
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mobile phone app developed for detection and management of
symptoms during prostate cancer treatment wasfound to reduce
urinary-related symptoms and improve emotional functioning
[22].

These earlier interventions for prostate cancer patients are
designed for long-term care of patients while they undergo and
recover from prostate cancer treatment. Patients are often highly
invested in their preparation for surgery and therefore may be
more willing to put in the effort to download a phone app or
wear an activity tracking device. In comparison to surgery,
prostate biopsy hasashorter periprocedural period and requires
less physical and emotional preparation on the part of the patient.
After considering several mobile app- or Web portal—based
interventions, we decided to instead develop an SMS-based
reminder program because this technology requires relatively
less effort to engage with and has become widely adopted in
our study population. Unlike mobile apps and Web portal—based
interventions, SMS does not require the patient to download
any software or create log-in credentials.

When deciding which patient communication platform to use,
providers must assesstheimpact that any intervention will have
on clinic workflow and capacity. We developed software
in-house, which allowed us to automate enrollment in the text
program. Practices that are not able to do this may need clinic
staff to manually enroll patients in the program or rely on a
commercial provider to help with this process. We also designed
the program to trigger alertsto our clinic manager when apatient
had a concerning response to a survey question. Thisaso adds
work for the clinical team. If a practice does not have capacity
to manage these alerts, the survey questions and/or alerts can
be removed. The program will still provide valuable reminders
and educational information to patients without the triggered
alerts.

Tailoring I nterventions

Since reasons for cancellation often vary based on the type of
appointment and patient population, customized interventions
are needed to prevent cancellations and improve preparation
[23]. Rather than simply reminding patients about their
appointment, our intervention was customized to include
educational information and survey questions specific to prostate
biopsy patients. The study by O’ Dwyer et al [23] of canceled
elective urology appointments found that the majority of
procedure-room cases (prostate biopsy, cystoscopy, and catheter
changes) were canceled because patients were not adequately
prepared for surgery. A study of procedural cancellationsin a
pediatric urology clinic found that many cancellationswere due
to preventable factors such as fasting violations [24]. These
investigations reinforce the need for tailored interventions that
address the specific needs of certain patient populations and
complement the work of clinic staff rather than one-size-fits-all
reminder systems.

Communication Volume

Patient communications with providers via telephone calls in
the preprocedural period increased, whiletelephone callsin the
postprocedural period did not significantly change. While the
effect size of the preprocedural increase in call volume was
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small, it is possible that it created meaningful changesin clinic
workloads. Provider-provider communication also increased
significantly, which may be due to increased communication
about how to manage patient concerns reported over telephone
or concerning responsesto survey questionsin theintervention.
Increases in periprocedural communication may be necessary
in order to adequately prepare patientsfor prostate biopsy, avoid
scheduling inefficiencies, and prevent patient complaints that
would lead to increased postprocedural communications.

Limitations

Thisstudy haslimitations. Although we were ableto track which
patients clicked links in the text messages and opened
Web-based content, for patients who did not click the linksin
the SMS, there is no other way with current SM'S technology
to assessif they received or read the message. This means that
we are likely undercounting the degree of engagement, which
biases our results toward the null. Patients were not directly
engaged as stakeholders in the intervention development
process. However, the program was based on materials given
to patientsin clinic that patients extensively helped to develop.
We are currently gathering patient feedback on the program,
which will directly inform future interventions. Although we
aimed for an English 8th grade reading level, the intervention
was not transated into other languages. Future interventions
can assess patient language preferences and deliver language
appropriate programs. The ethnic and racial composition of our
cohort did not match the composition of the United Statesas a
whole or the surrounding region, which may impact
generalizability. Moreover, the mgjority of patients lived in
urban areas, which likely impacts the generalizability of results
to rural populations. Prior studies have found that SM S-based
interventions have helped to improveclinical attendance and/or
engage underserved populations in cancer screening and
educational efforts [15,25,26]. Therefore, we aim to increase
thisproportionin future research by including clinical siteswith
greater proportions or racia/ethnic minorities and other
vulnerable populations. However, there were no detectable
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demographic or socioeconomic differences between the
preintervention and postintervention  cohorts.  Some
patient-provider communications are not appropriately
documented in the EHR. For example, communication with
nonprovider clinic staff was not captured in our medical record
and therefore not analyzed in this study. As an observational
study, it issubject to selection bias. However, the study included
six months of patient appointments in both the preintervention
and postintervention cohorts, which may mitigate potential
biases caused by short-term secular trends.

This study aso has several strengths. First, we leveraged
appointment scheduling logs in the EHR to obtain detailed
information on the occurrence and timing of appointment
cancellation or changes. Second, compared with other
SM S-based interventions which require manual enrollment of
patients, our intervention had an otherwise lower impact on
clinic staff workloads as enrollment was automated and did not
require any changes to workflow. Moreover, we were able to
assess changes that the SMS program may have on clinic
workloads by extracting and analyzing data on the type and
frequency of patient-provider and provider-provider
communications. Last, we considered the reading proficiency
and technology literacy of our patient population in the design
of the program.

Conclusions

An mHealth periprocedura outreach and reminder program
designed specifically for prostate biopsy patients significantly
lowered appointment cancellations and was associated with
high patient satisfaction scores. The number of secure message
and telephone calls per patient increased slightly; however, this
increasein communication may be necessary in order toimprove
clinic efficiency and patient satisfaction. Future research on
predictors of engagement with periprocedura SMS-based
interventions and the impact of these programs with diverse
study populations will help to understand the utility of this
intervention among different patient groups.
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