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Abstract

Background: The Web has become an important information source for appraising symptoms. We need to understand the role
it currently playsin help seeking and symptom evaluation to leverage its potential to support health care delivery.

Objective: Theaim wasto systematically review the literature currently available on Web use for symptom appraisal.

Methods: We searched PubMed, EMBASE, PsycINFO, ACM Digita Library, SCOPUS, and Web of Science for any empirical
studies that addressed the use of the Web by lay people to evaluate symptoms for physical conditions. Articles were excluded if
they did not meet minimum quality criteria. Study findings were synthesized using a thematic approach.

Results: A total of 32 studies were included. Study designs included cross-sectional surveys, qualitative studies, experimental
studies, and studies involving website/search engine usage data. Approximately 35% of adults engage in Web use for symptom
appraisal, but this proportion varies between 23% and 75% depending on sociodemographic and disease-related factors. Most
searches were symptom-based rather than condition-based. Users viewed only the top search results and interacted more with
results that mentioned serious conditions. Web use for symptom appraisal appears to impact on the decision to present to health
services, communication with health professionals, and anxiety.

Conclusions: Web use for symptom appraisal has the potentia to influence the timing of help seeking for symptoms and the
communication between patients and health care professionals during consultations. However, studies lack suitable comparison
groupsaswell asfollow-up of participants over timeto determine whether Web useresultsin health care utilization and diagnosis.
Future research should involve longitudinal follow-up so that we can weigh the benefits of Web use for symptom appraisal (eg,
reductions in delays to diagnosis) against the disadvantages (eg, unnecessary anxiety and health care use) and relate these to
health care costs.

(J Med Internet Res 2017;19(6):€202) doi:10.2196/jmir.6755

KEYWORDS
Online health information; health information seeking; Internet; symptom appraisal; Web search; search strategies

devel oped countries accessing the Web to research health topics
[1,2]. The Web is accessed to obtain information on genera
health topics, such as weight management, and by patients to
obtain information on their diagnosed condition [3,4]. Moreover,

Introduction

The Web has become an important resourcefor lay information
about health, with almost three-quarters of the population in
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the Web is accessed to assess and evaluate symptoms and their
causes[1].

The way the Web is used by patients who have obtained a
specific diagnosis from a health care professional is likely to
differ from the way it is used in the absence of a professional
diagnosiswhen appraising symptoms. Postdiagnosis, individuals
have specific medical termsthey can use as search terms. Most
focus their Web search on treatment options, illness
management, and prognosis [3,4]. When appraising symptoms
with the aim of diagnosing them, on the other hand, most
individuals have only symptoms and lay medical knowledgeto
guide their search, and symptoms are sometimes vague and
difficult to describe.

Web use for symptom appraisd may have important
implications, although it isunclear whether it playsabeneficial
or detrimental role in health care delivery. For example, some
evidence suggests it could lead to unnecessary anxiety about
health and increase use of health service resources [5]. Other
findingsimply it could enhance patient empowerment and help
patients prepare for consultations [6]. Thus, Web use for
symptom appraisal may lead to either wasting or more efficient
use of resources. For example, Web use for symptom appraisal
may cause anxiety about health by making individuals falsely
believe they have a serious condition when they do not. On the
other hand, it may encourage people with warning signs to
present to health services, promoting earlier diagnosis. It could
also falsely reassure people that symptoms are not serious, thus
preventing earlier diagnosis. Thisis particularly important for
potentially life-threatening or debilitating conditions, which are
easier to treat when detected early, such as cancer [7], heart
disease [8], or glaucoma [9]. Understanding Web use for
symptom appraisal is also relevant for less serious conditions,
such as acommon cold, becauseit could lead people with mild
symptoms to present to health services when this is not
necessary or it could help people identify the symptoms that
can be treated at home. As these examples highlight, Web use
for symptom appraisal may have important implications for
health care utilization.

To leverage the potential for reducing strain on health care
resources and promoting earlier diagnosis, we need to
understand the current role of the Web in help seeking and
symptom evaluation, and the strategies people use to access
information, taking differing contexts into account. Because
these questions cannot be addressed in a single study, a
systematic review is required, involving a thorough and
comprehensive search of the literature, critical appraisal of
individual studies, and extraction and synthesis of relevant
findings.

This systematic review addresses the following five review
guestions:

1. What proportion of different populations (eg, general,
specific disease, or demographic groups) use the Web to
appraise symptoms?

2. Which symptoms are likely to be researched online?

3. How isWeb use for symptom appraisal conducted (search
strategies)?

http://www.jmir.org/2017/6/e202/
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4. What are the behavioral consequences of Web use for
symptom appraisal?

5. What are the emotional consequences of Web use for
symptom appraisal?

Methods

A protocol was developed by the research team based on the
review questions and an initial broad search of the available
literature, using the Centre for Reviews and Dissemination’s
guidance for undertaking reviews in health care [10] and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [11].

Eligibility Criteria
Study Focus

We included studies that addressed use of the Web to appraise
symptoms (ie, to research symptoms and their potential causes).
This could include both actual symptoms and symptoms in
fictional scenarios. This did not have to be the primary focus
of the study; some reference to Web use for symptom appraisal
was sufficient. If studies examined health-related Web use in
general, they were screened during full-text review and excluded
if no specific reference to symptom appraisal was made. Studies
that analyzed anonymous logs were included if they examined
symptom-related searches. We included only studies that
focused on human behavior; studies that evaluated the
performance of Web-based tools were excluded.

Populations

Studies on Web use for symptom appraisal of any physical
health conditions were included. Studies examining mental
health/psychiatric conditions were excluded to focus the scope
of the review. Studies on Web use by health professionalswere
excluded. Studies from any country were included, as long as
the publication was written in English.

Study Design

Our initial scoping suggested a scarcity of researchin thisarea,
thus we did not limit included studiesto any particular design.
Nonempirical studies (eg, theoretical papers and literature
reviews) were excluded.

Publication Types

Full paper, English-language publications were included,
regardless of the original language of the research.

Information Sources

We searched PubMed, EMBASE, PsycINFO, ACM Digital
Library, SCOPUS, and Web of Sciencefor relevant publications
up to September 30, 2016. To minimize publication bias, grey
literature was explored by searching OpenGrey, an open-access
database containing more than 700,000 bibliographical
references of grey literature. We aso searched the British
Library Integrated catalog, which contains reports, conference
abstracts, and theses. Finally, authorsin the field were contacted
to inquire about any unpublished material, if two or more of
their papers were among the included studies, or if their paper
was judged as particularly relevant to the review (eg, if

JMed Internet Res 2017 | vol. 19 | iss. 6 [202 | p.6
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

examining Web use for symptom appraisal was the primary
focus of the study).

Search

The terms Internet, Web, online, search engine, Google, help
seeking, health information seeking, symptom, and diagnosis
were entered into the databases (note Google was used as a
search term because thisis by far the most widely used search
engineworldwide[12]). An example search strategy isprovided
in Multimedia Appendix 1.

Study Selection

The study selection process followed the guidelines provided
in the PRISMA statement [11]. Search termswere entered into
the databases and all returned studieswereimported into asingle
Mendeley file. Threeindependent reviewers assessed the studies
for eigibility. Studieswerefirst screened by titles and abstracts.
Selected studies were then screened for inclusion by reading
full texts. Referencelists of included studies were handsearched
for further eligible studies. We also handsearched journals if
they contained two or more articles included in this review or
if the general journal topic areawas particularly relevant to the
review, to ensure inclusion of studies not yet loaded on
electronic databases. Any discrepancies between the reviewers
were discussed until consensus was reached.

Data Collection Process and Data | tems

From each study, any information regarding use of the Web for
symptom appraisal was extracted, as well as details on study
design, procedure, population, sampling method, entry and
inclusion criteriafor study participants, sample size, measures,
and details of analysis methods (data extraction sheet in
Multimedia Appendix 2).

Quality Appraisal

A quality appraisal of selected articleswas conducted based on
five criteria designed for reviews incorporating mixed study
designs [13] (Multimedia Appendix 3). Quality appraisal
involved two stages. First, articles were assessed for inclusion
in the review using a relatively liberal threshold; articles were
scored eligible if they addressed each criterion at least
minimally. Criteria were then applied more rigorously using a
three-point scoring system (low/medium/high; see Multimedia
Appendix 3) and main limitations of each study wereidentified.
This assessment was used to critically appraise studies during
synthesis of the findings.

http://www.jmir.org/2017/6/e202/
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Synthesis of Results

The extracted data were synthesized using Thematic Analysis,
which has been identified as one of the main approaches used
to review and synthesize qualitative and quantitative evidence
[14,15]. Our analysisinvolved the following steps [16]:

1. Data familiarization: familiarization with the data was
achieved by reading all included studies several times and
extracting the relevant information into the data extraction
sheets.

2. A priori grouping: datafrom the data extraction sheetswere
grouped according to the review question they pertained to
and summarized in amatrix. Studies were entered into the
rows of the matrix, whereas study characteristics,
limitations, and review questions were entered into the
columns. This matrix enabled us to compare the findings
of different studies pertaining to the same review question,
taking methodol ogical aspectsinto account (example matrix
shown in Multimedia Appendix 4). This method was
adapted from Framework Analysis, which isaspecific form
of Thematic Analysis[17].

3. Generation of initial codes: the data were initially coded
using semantic codes within the NVivol0 environment,
using the matrix to compare results across studies.

4. Searching for themes. once all data extracts were coded,
codeswere sorted into broader, more conceptual categories
to create themes.

5 Reviewing themes: finaly, we reviewed the data extracts
the themes related to, to determine whether the created
themes satisfactorily captured the raw data.

For quantitative studies reporting proportionswithout confidence
intervals, 95% confidence intervals were computed using the
asymptotic (Wald) method based on a normal approximation
[18] to facilitate comparisons between studies.

Results

Study Selection

Thirty-two studies were identified as eligible for inclusion in
the review. The search process is illustrated in Figure 1. The
grey literature search yielded no further inclusions. The Journal
of Medical Internet Research, the Journal of Health
Communication, Telemedicine and e-Health, and the Journal
of the American Medical Informatics Association were
handsearched, resulting in 15 full-text assessments and two
further inclusions. Four authors were contacted to enquire about
unpublished material. We received one reply, concerning an
article we had already identified.

JMed Internet Res 2017 | val. 19 | iss. 6 [e202 | p.7
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Figurel. PRISMA diagram for the study identification process.
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1506 titles and shstracts identified and
screened through database searches

l

840 records after duplicates removed

761 records excluded as not

¥

relevant based on titles [ ahstracts

79 records after screening titles & abstracts

55 recordsexcluded based on full text:

& because Web searchestook place post

Y

¥

diagnosis and were not focused on
symptom appraisal

and after initial quality assessment

24 records after full text assessed for e ligibility 3 because they did not mention Web

searches

& records added after
hand-searching
reference lists; -

2 added after hand-
searching journals

22 hecause they discussed online health
info seeking in general without
distinguishing searchesfor symptom
appraisal

5 because they were non-syste matic
narrative literature reviews or

32 records included in the final review

theoretical/conceptual papers/books

Study Char acteristics

Tables 1-3 provide an overview of study characteristics. Study
designs included cross-sectional surveys (n=10, two of these
with embedded qualitative interview studies, one with an
embedded observational study), qualitativeinterview and focus

http://www.jmir.org/2017/6/e202/
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4 hecause they were not health-related
1 because the paper was not in English

10 because they evaluated websites,
other online features or statistical models
rather than user behaviour

2 because the full text could not be found

2 because they were dissertations and all
relevant information was includedin a
published paper included in this review

group studies (n=4), experimenta studies (n=7), two studies
evaluating questions posed by users to a health website (n=2),
astudy evaluating clicks on a specific health website (n=1), and
studies involving the analysis of log data from search engines
(n=8). Two of these combined a log-based approach with a
survey. Most studieswere conducted in the United States (n=25).
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Table 1. Study design and aim of the studiesincluded in the review (N=32).

Mueller et a

Author, date Study design

Aim

Attfield et al, 2006 [6] Qualitativeinterview study; cross-section-

a

Briet et al, 2014 [19] Quantitative; cross-sectiona analysis of

website queries

Cartrightet et a, 2011 [20] Longitudinal log-based study

Chin, 2009 [21] Experimental between subjects design:
2x2 (ill-well-defined tasks, younger-older

users)

Chin & Fu, 2010 [22] Experimental between subjects design:
2x2x2 (older-younger adults, parts-sys-

tems interface, parts-system task)

Cooper et a, 2013 [23] Qualitative study (focus groups)

Cumming et al, 2010 [24] Cross-sectional Web-based survey study

De Choudhury et a, 2014 [25] Cross-sectional survey study (quantitative
+ qualitative data) + longitudinal log-

based study

Fiksdal et al, 2014 [26] Qualitative focus group study

Fox & Duggan, 2013 [1] Nationwide cross-sectional survey

Hay et a, 2008 [27] Mixed-methods survey and interview

study

Keselman et a, 2008 [28] Cross-sectional qualitative interview and

Think Aloud study.

Lauckner & Hsieh, 2013 [29]  Experimental 2x2 design (position: top-

bottom; frequency: high-low)

Luger, 2014 [30] Experimental 2x2 design: two different
symptom vignettes (mononucleosis or

scarlet fever), either Google or WebMD

Medlock et a, 2015 [31] Cross-sectional online survey

Morgan et al, 2014 [32] Analysis of inquiries posted to a health

website

Mueller et a, 2016 [33] Experimental (randomized trial)

Norr et a, 2014 [34] Experimental within-subjects design

North et al, 2011 [35] Cross-sectional analysis of clickson a
health website and calls to a telephone

triage system

Perez et al, 2015 [36] Experimental study with Think Aloud

Explore information seeking of patients before and after consultations, its
situational influences, and its impact on patient-provider relationships

Explore the nature and content of questions and answers on a health
website, and to examine the situations of patients asking questions

Analyzethe search activity of usersresearching health information online
and identify goals and patterns of search behavior

Compare older and younger adultsin their performance and search behavior
inill and well-defined tasks

Examine differences between older and younger adultsin interacting with
different online search tasks and interfaces

Explore how women would evaluate symptoms associated with gyneco-
logic cancers

Evaluate digital storytelling videos (videos of people talking about their
own experiences) about help seeking for menopausal symptoms

Research the prevalence of health activities on social media and search
engines; characterize health activities on the different platforms and de-
scribe how people evaluate information obtained from these

To gain a deeper understanding of online health-searching behavior to
inform future devel opments of personalizing information searching and
content delivery.

The Pew Internet & American Life Project isan initiative of the Pew Re-
search Center, anonprofit “fact tank” that providesinformation on theis-
sues, attitudes and trends shaping America and the world

Understand the extent and reasonsfor online research prior to first appoint-
ments for patients in arheumatology clinic

Explore users’ information-seeking difficulties by conceptualizing infor-
mation seeking as aform of hypothesis testing, and to examine therole
of users’ competenciesin online information seeking

Does the position and frequency of serious conditionsin search results
affect perceived severity and susceptibility, and arethey related to negative
emotional outcomes? Do health literacy and experience with online health
seeking moderate these relationships?

Explore older adults' online health seeking to determine the cognitive and
diagnostic processes involved

To determine which information resources seniors who use the Internet
use and trust for health information, which sources are preferred, and
which sources are used by seniors for different information needs

Describe what information people seek from a US website about genetic
and rare diseases, and why

To assessthe feasibility of testing asymptom appraisal tool for lung cancer
symptomsin an online randomized trial

Investigate whether viewing medical websites adversely affects anxiety
sensitivity

Establish what symptoms I nternet userstend to look up online and whether
telephone triage algorithms could be applied to these

Describe Internet search processes and identify demographic and personal
characteristics associated with use of system 1 (does not include hypothesis
testing and evidence gathering) and system 2 (includes hypothesis testing
and evidence gathering) processing
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Author, date

Study design

Aim

Powell et al, 2011 [37]

Powley et d, 2016 [38]

Rice, 2006 [39]

Teriaky et al, 2015 [40]

Thomson et al, 2012 [41]

White & Horvitz, 2009 [5]

White & Horvitz, 2009 [42]

White & Horvitz, 2010 [43]

White & Horvitz, 2010 [44]

White & Horvitz, 2012 [45]

White & Horvitz, 2013 [46]

Ybarra& Suman, 2006 [47]

Cross-sectional survey with embedded
qualitative semistructured interviews

Cross-sectional survey and observational

study

Cross-sectional survey study; secondary
analysis of existing dataset

Cross-sectional survey

Cross-sectional survey study

Longitudinal log-based study and cross-
sectional survey

Cross-sectional survey study
Longitudinal log study using logs from
Windows Live toolbar

Longitudinal log-based study

Longitudinal log-based study

Longitudinal log-based study

National, longitudinal telephone survey

Identify the characteristics and motivations of online health information
seekers accessing the NHS Direct website

Evaluate whether patients with inflammatory arthritis and inflammatory
arthralgia use the Internet for symptom appraisal and to assess the advice
given and diagnoses suggested by the NHS and WebM D symptom
checkers

Understand what influences online health seeking, what the reported
benefits of online health seeking are, and to identify similarities among
online activities

Understand how outpatients awaiting initial gastroenterology consultation
seek medical information on the Internet and how wait times affect Internet

usage

Explore characteristics of colorectal cancer patients who used the Web to
appraise symptoms prior to diagnosis

(1) Describe escalations that occur when users search for common symp-
toms and how this escal ates to queries about serious conditions, and (2)
examine how this persists over several sessions

Explore how lay individuals use the Web to find explanations for symp-
toms, what activities they pursue, and what their experiences are

Predict escalationsin searches based on characteristics of websitesvisited

Establish predictors of when searchesfor common symptoms|ead to health
care utilization

Explore how users search for medical concernsand particularly how these
concerns impact on future behavior (eg how this influences focus and at-
tention of future searches)

(1) Whether snippetsin search results are biased toward serious conditions
when symptoms are entered into search engines and 2) how these snippets
influence user behavior

Examine which factors predict whether a Web user islikely to contact a
health professional
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Table 2. Characteristics of the study populations of studiesincluded in the review (N=32).

Author Study population Setting Sample size

Attfield et al [6] 2 groups of 8 NHS patients: 1 group from aPatient Adviceand UK 16
Liaison Service (PALS) patient panel (43-81 years, mean 64)
and one group of M Sc studentsfor HCI (25-42 years, mean 31)

Briet et al [19] Users asking hand surgery-related questionsfrom afreeonline  USA (American website; nore- 131 questions
health consultation website striction regarding location of
website users)
Cartright et a [20] A set of filtered logs from atoolbar deployed by the Windows USA (English-languagelogs, but 2,329,231 actions
Live search engine, containing at least 1 symptom no restriction regarding location  (=queriesissued to a
of users) search engine)
Chin[21] Younger and older adults from a university community USA 69; 41 younger adults
(18-35), 28 older adults
(60-83)
Chin & Fu[22] Younger and older adults from community of amedium-sized USA 46, 23 younger (18-28)
city and 23 older (60-77)
adults
Cooper et a [23] Women aged 40-60 years USA 132
Cumming et a [24] Visitors of a UK-based menopause website UK (UK website; no restriction 539
regarding location of website
users)
De Choudhury et a Survey: US adults 18-70 years (censusrepresentative sampling); USA (survey with USresidents, 210 survey respondents;
[25] Twitter: 15-month sample of Twitter's Firehose stream, English-  only English-language log data 125,166,549 tweets;,
language Tweetsrelating to health; log: datafrom amajor Web  but not restricted to a certain 174,605,024 searches
search engine country)
Fiksdal et al [26] Adult, English-speaking members of the Olmsted County, MN  USA 19

community (where Mayo Clinic is located) and Mayo Clinic
patients, employees, and family visitors

Fox & Duggan [1] Adultsliving in the United States USA 3014

Hay et a [27] English-speaking US adults (=17 years) USA 120

Keselman et al [28] Lay individuals (convenience sample) USA 20

Lauckner & Hsieh [29]  Students from an undergraduate communication course at a USA 274
large Midwestern university

Luger [30] Older US adults, 250 years, community resident, without cog- USA 79
nitive impairment, who owned a computer

Medlock et a [31] Members of alocal senior (Christian) organization Netherlands 118

Morgan et al [32] Random sample of English-language inquiriesposted by lay =~ USA (American website but no 278 inquiries, 68 from
peopleto the question and answer section of the GARD website restrictions on locale of users) 2006 and 210 from
and inquiries sent via email 2011

Mueller et a [33] Adultsliving in UK with undiagnosed symptoms potentially UK 97
related to lung cancer

Norr et al [34] Undergraduate students from alarge university in the Southern  USA 56
United States.

North et al [35] All symptom assessment callersto Ask Mayo Clinic (telephone  USA 70,370 cdlls; 2,059,299
triage) and al clicks to specific symptoms on the symptom- clicks
checker page of MayoClinic.com

Perez et al [36] Young adults aged 21-35 with experience of onlinehealthinfor- USA 78
mation and reported barriers to accessing health services

Powell et al [37] Users of the NHS Direct website UK 792 for survey, 26 for

interviews
Powley et a [38] Newly presenting patients with either clinically apparent syn- UK 34

ovitisor anew onset of symptoms consistent with inflammatory
arthritisbut without clinically apparent synovial swelling attend-
ing a secondary care based rheumatology clinic
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Author Study population Setting Sample size
Rice[39] US adults: respondents from studies conducted withinthe Pew  USA 13,978 respondentsin
Internet and American Life project 2000 who reported
health seeking online,
500 of these were tele-
phone interviewed in
2001
Teriaky et a [40] Patients awaiting appointments at a general gastroenterology ~ Canada 87
clinicin London, ON, Canada
Thomson et a [41] Newly diagnosed colorectal cancer patients (<6 months) USA 242

White & Horvitz [5]

White & Horvitz [42]

White & Horvitz [43]

White & Horvitz [44]

White & Horvitz [45]

White & Horvitz [46]

Ybarra& Suman [47]

Log datarelated to symptom queries (no mention of restriction
by locale) from al major Web search engines (eg, Google,
Yahoo!, or Live Survey): randomly selected employees of the
Microsoft Corporation who had performed at least 1 health-re-
lated online search; survey: Microsoft employees

5000 Microsoft employees were invited via email, from these
volunteers were chosen who indicated in a prescreening that
they searched the Web for medical information

Logs from windows live browser toolbar, English-speaking
USA relating to 6 basic symptoms

Logs from consenting Windows live toolbar users over a 6-
month period relating to 3 symptoms: chest pain, muscle
twitches, abdominal pain

Logs from consenting Windows live toolbar users over a 3-
month period

Log data related to symptoms queries generated in English-
speaking US locale

Americans living throughout the 50 states and the District of
Columbia

USA (survey with US residents,
no restriction mentioned regard-
ing locale for logs)

USA

USA (log dataissued from US
locale)

USA (log dataissued from US
locale)

USA (log dataissued from US
locale)

USA (log dataissued from US
locale)

USA

Logs: 8732 userswith
symptom-rel ated
queries; survey: 515
participants

515 survey respondents

“Many thousands of
logs were mined”

700 querieswith symp-
tom to HUI transition;

700 querieswith symp-
tomsto no HUI transi-
tion

169,513 queries

2070 symptom queries
from 714 users

Year 1=2104; year 4:
2010, 570 of thesewere
year 1 participants
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Table 3. Nature of measures and procedures of studies included in the review (N=32).

Author

Nature of measures and procedure

Attfield et al [6]

Briet et al [19]
Cartright et al [20]

chin[21]

Chin & Fu[22]

Cooper et a [23]

Cumming et a [24]

De Choudhury et a

[25]

Fiksdal et al [26]

Fox & Duggan [1]
Hay et a [27]

Keselman et al [28]

Lauckner & Hsieh
[29]

Luger [30]

Medlock et al [31]

Morgan et a [32]

Mueller et a [33]

Norr et a [34]

North et al [35]

Semistructured interviews, eliciting accounts of health information-seeking episodes and how they relate to ongoing health
care

Questions and answers to a health website were categorized and analyzed descriptively

Logswere mined and categorized as either evidence-directed, hypothesis-directed with diagnostic intent, or hypothesis-directed
with informational intent, according to defined algorithms

Participants were randomized to complete either anill-defined task (find possible causesfor alist of symptoms) or well-defined
task (find a specific medical term), using a health website; cognitive measures (working memory capacity, processing speed),
health literacy measures, medical knowledge measure, search performance for both tasks were measured

Participants were given asymptom vignette and asked to find possible causes. Partici pants were randomi zed to compl ete either
aparts task (described symptoms based on body parts) or a systems task (described symptoms by functional systems). Tasks
were completed either in the parts interface (categorized symptoms based on body parts) or systems interface (categorized
symptoms based on functional body systems). Measuresincluded Petients' Medical Background Knowledge, Mental Interface
Match Index, Broadness (no. of links), link decision time: time spent reading.

Discussion in focus groups: which symptoms from alist would be of most concern, why, and what could cause them, what
would be their hypothetical response to them, what were actual responsesin the past?

Participants viewed astorytelling video online and then compl eted a questionnaire eval uating the effect of the video on feeling
informed, planned future help seeking, etc

In the survey, participants were asked questions about their experiences using Twitter and search engines to share and seek
health information; on the log analysis, tweets and logs were categorized as relating to 4 categories: (1) symptoms of major
diseases, (2) benign explanations (nonlife-threatening illnesses), (3) seriousillnesses, and (4) disabilities; logs were then an-
ayzed descriptively

Moderators used a semistructured moderator guide to facilitate discussion in focus groups about: (1) participants’ perception
and understanding of health care information, (2) the process of information collection on the Internet, (3) understanding and
usage of information, and (4) implications of health care information for health and well-being

People were contacted via tel ephone for telephone interviews about online health information seeking

Beforetheir appointment, patientswereinterviewed about online health information (OHI) seeking, and compl eted the Wong-
Baker-Faces Pain Scale; the consultation was audio-recorded to determine whether OHI was mentioned and then patients
completed a satisfaction scale regarding the consultation

Participants read a hypothetical scenario describing arelative who experienced symptoms typical of stable angina and then
discussed possible causes of symptoms from the symptom vignettes in semistructured interviews; then Think Aloud while
they researched symptoms on MedlinePlus

The study took place online; participants were presented with a symptom vignette and then with a search engine result page
manipulated to show serious conditions either at the top or bottom, and low or high frequency of serious conditions; participants
then completed several scales: perceptions of severity and susceptibility using the Risk Behavior Diagnosis scale, history of
viewing online health information, their health status, how often they experienced each of the 4 symptoms, and their demo-

graphic information, health literacy using the Newest Vital Sign (NVS)

Participants were presented with 1 of 2 symptom vignettes and asked to diagnose them using Think Aloud, either on Google
or WebMD. Measures taken included Think Aloud, self-reported age, gender, ethnicity, education, and income, recent health
history, number of hours per week that they used a home computer as well as the number of years that they had owned a
home computer, whether or not they had previous experience with the Internet tool to which they were assigned (Google or
WebMD’s Symptom Checker).

Participants completed an online questionnaire, which included questions about health information resources used; the Au-
tonomy Preference Index was used to assess information needs and preferences for involvement in health decisions

A random sample of questions posted to the GARD website were analyzed thematically; collected dataincluded inquiry origin
(domestic), type of contact (email and Web-based form), gender, date received at theinformation center, the specific condition
for which they were inquiring, primary language (English), and their reason for inquiry

Participants first completed a survey about their symptoms and risk factors. They were then randomized to receive the inter-
vention (personalized, theory-based health webpages), or control conditions. Subsequently, participants completed aquestion-
naire which assessed demographic details, participants’ self-reported intention to seek help (scale 1-7), behavioral attitudes
and beliefs about help seeking.

Participants first completed the Anxiety Sensitivity Index (ASI), Intolerance of Uncertainty Scale (IUS), and ahealth anxiety
scale (SHALI). Participants were randomized to view either symptom-related websites or general health and wellness control
websites. Afterwards, they completed the ASI and SHAI.

For the MayoClinic website, click data was collected using Google Analytics; for the telephone triage, all completed calls
were counted and put into symptom categories based on the algorithm/guideline used during the call.
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Author Nature of measures and procedure

Perez et al [36] Parti cipants were randomi zed to one of two symptom scenarios and instructed to search the Internet while using Think Aloud;
participants’ Internet searches and think-out-loud vocalizations were digitally recorded using screen capture video-recording
software

Powell et a [37] Users of the NHS Direct website completed an online questionnaire survey. A subsample of survey respondents participated
in in-depth, semistructured, qualitative interviews by telephone or instant messaging/email.

Powley et a [38] Patients completed a brief survey on Internet use for symptom appraisal prior to attending clinic; patients were then asked to
complete the NHS and WebM D symptom checkers based on their symptoms and their answers and the outcomes were
recorded; demographic and disease-related data were obtained from clinic records.

Rice[39] Respondents were contacted via telephone for telephone interviews asking about online health seeking.

Teriaky et a [40]

Thomson et a [41]

White & Horvitz [5]

White & Horvitz [42]

White & Horvitz [43]

White & Horvitz [44]

White & Horvitz [45]

White & Horvitz [46]

Ybarra& Suman [47]

Patients awaiting gastroenterology consultation were asked to complete a questionnaire consisting of 16 multiple-choice
questionsto understand patient use of Web resourcesfor medical information. Abstracted information included patient demo-
graphics, level of education, reason for referral, preceding investigations, patient resources utilized, websites browsed, infor-
mation obtained, reasons for seeking information on the Internet, patient self-diagnosis, and lifestyle changes instituted.

Semistructured interviews focused on patient sociodemographi c and psychological factors, symptom recognition and appraisal,
and communication with HCPs, friends, and family.

Analysisof logs: Formulated alist of symptoms and associated benign and serious conditions. Recorded all queriesto search
engines and clicks on result pages, and identified those that included symptoms as search terms. Escalations. Observed in-
creases in medical severity of search termswithin a search session. Nonescalations. Search progresses to benign explanation
of the symptom; survey: Microsoft employeeswere sent a survey with open and closed-ended questions regarding participants’
medical history and online search behavior

Microsoft employees were sent a survey to elicit perceptions of online medical information, experiences in searching for this
information, and the influence of the Web on health care concerns and interests. The survey contained “around 70" open and
closed questions

Cases were identified where queries for symptoms were followed by a query about a related serious condition. Cases where
it led to abenign query or no change were termed nonescal ations. Using logistic regression, amodel was devel oped to predict
escalation using website features of the previously visited page; website features: structural features, title and URL features,
firs-person testimonials, page reliability/credibility, commercial intent

Log analysis: logs containing symptoms as search terms were filtered, and it was determined whether subsequent searches
showed health care utilization intent (HUI). Logistic regression was used to predict HUI based on search characteristics; log
entriesinclude a user identifier, atimestamp for each page view, and the URL of the page visited; HUI: queries that indicate
searching for contact information for medical facilities

Queries were |abeled to identify medical and symptoms related queries, and escalations. Subsequently occurring searches
were examined. Log entries included a unique user identifier, atimestamp for each page view. Search sessions on Google,
Yahoo!, and Bing. Escalation queries were categorized as within-session and between session

Log datarelating to symptom queries were filtered. Subsequent behavior on the search engine result page was examined, in-
cluding hovering, cursor movements, clicks, scrolling, as well as bounding boxes of areas of interest (AOIS)

Respondents were contacted via telephone and completed a telephone survey about online health information seeking and
help-seeking behavior (seeking help from ahealth professional or others)

As Table 4 shows, some studies explored Web use regarding
current symptoms (n=5) or symptomsthat had been experienced
previously (n=7), or both (n=1), whereas other studies examined
Web use for symptom appraisal by providing participants with
a symptom vignette and instructing them to imagine they have
these symptoms (n=8). In several studies (n=11), the exact
situation of participants was unclear because anonymous data

http://www.jmir.org/2017/6/e202/

were collected online. Table 4 aso highlights the variety and
nonspecificity of symptoms examined; most studies (n=15)
examined general symptoms and athough 10 studies examined
specific conditions, only two studies examined similar
conditions [27,38]. Finally, most studies (n=20) did not follow
up whether participants had received adiagnosis.
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Author, date

Were participants symptomatic,
asymptomatic, or previously symp-
tomatic®?

Type of symptoms examined

Did the study follow up whether Web use
was followed by a diagnosis?

Attfield et al [6]
Briet et al [19]

Cartright et a [20]

Chin[21]

Chin & Fu[22]

Cooper et a [23]

Cumming et a [24]

De Choudhury et a

[25]

Fiksdal et al [26]

Fox & Duggan [1]

Hay et a [27]

Keselman et al [28]

Lauckner & Hsieh
[29]

Luger [30]

Medlock et al [31]
Morgan et al [32]

Mueller et a [33]

Norr et a [34]

Previously symptomatic

Unclear, participantswere users asking
questions about symptomsb

Unclear, participantswere usersissuing
symptom-related queries to a search
engi ne”

Asymptomatic, participants were pre-
sented with a symptom vignette

Asymptomatic; participants were pre-
sented with a symptom vignette

Asymptomatic; participants were pre-
sented with alist of symptoms

Most symptomatic (448/492), but some
asymptomatic (44/492)

Unclear, participantswere usersissuing
symptom-related Tweets and queries

to a search engi neP

Previously symptomatic
Previously symptomatic

Symptomatic; participants were newly
diagnosed rheumatology patient

Asymptomatic; participantsreceived a
symptom vignette

Asymptomatic; participantsreceived a
symptom vignette

Asymptomatic; participants received a
symptom vignette

Previously symptomatic

Unclear, participantswere usersissuing
symptom-related Tweets and queries

to a search engi ne?
87 participants were symptomatic, 10

were asymptomatic but searching on
behalf of someone else

Asymptomatic; participants viewed a
list of symptoms

General (any symptoms)
Hand illness-related symptoms

General®

Symptom vignettes included: pain and
stiffnessin the body; burning, itching, and
sometimes tingling sensation on their
body; feeling feverish and chilly after an
overseastrip; fatigue, sudden weight gain
and difficulty dealing with cold; however,
results were not analyzed separately for
different symptoms

General (participants received 6 different
vignettes with different symptoms, not
assessed separately)

Symptomsrelated to gynecol ogic cancers

Menopausal symptoms

General, logs were filtered for references
to symptoms using a comprehensive list
of symptoms from the Merck medical
dictionary

Genera (any symptoms)
General (any symptoms)

Rheumatoid symptoms

Symptoms typical of stable angina

Symptom vignettes involved one of four
symptoms: headaches, chest pain, muscle
twitches, or abdominal pain, but the differ-
ent symptomswere not analyzed separate-
ly

Symptom vignettes involved either
mononucleosis or scarlet fever

Genera (any symptoms)

Symptoms related to any type of genetic
or rare disease

Symptoms related to lung cancer

General (“websitesfocused on symptoms
of medical conditions’)

Not assessed
Not assessed

Not assessed

Not applicable?

Not applicable?

Not applicabl ed

Not assessed

Not assessed

Not assessed

Participants were asked whether their di-
agnosiswas confirmed by ahealth profes-
sional; 45% said it was confirmed, 35%
did not present, 19% said it was not con-
firmed/inconclusive

Yes, patients’ diagnoses were gathered
after the appointment or at follow-up ap-
pointment

Not applicable?

Not applicable?

Not applicabl ed
Not assessed
Not assessed

Not assessed

Not applicabl el
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Author, date

Were participants symptomatic,
asymptomatic, or previously symp-
tomatic®?

Type of symptoms examined

Did the study follow up whether Web use
was followed by a diagnosis?

North et al [35]

Perez et a [36]

Powell et al [37]

Powley et a [38]

Rice[39]
Teriaky et al [40]

Thomson et a [41]

White& Horvitz[5]

White & Horvitz
[42]

White & Horvitz
[43]

White & Horvitz
[44]

White & Horvitz
[49]

White & Horvitz
[46]

Ybarra& Suman
[47]

Unclear, participants were users
searching the MayoClinic website or

using atelephone tri ageb

Asymptomatic; participantsreceived a
symptom vignette

Unclear, participants were users of the
NHS website
Symptomatic; participants were pa-

tients attending a secondary care based
rheumatology clinic

Previously symptomatic

Symptomatic; participants were pa-
tients awaiting gastroenterology ap-
pointments

Symptomatic; participantswere colorec-
tal cancer patients

Logs: Unclear, participants were users
issuing symptom-related queriesto a
search engi neb; survey: previously
symptomatic

Previously symptomatic

Unclear, participantswere usersissuing
symptom-related queries to a search

engi ne”

Unclear, participantswere usersissuing
symptom-related queries to a search

engi ne”
Unclear, participantswere usersissuing

symptom-related queries to a search
engine

Unclear, participantswere usersissuing
symptom-related queries to a search

engi ne°

Previously symptomatic

General (any symptoms)

One of two clinical symptom scenarios:
(2) fever, mild headache, dry cough, and
myalgia, suggestive of influenza, and (2)
fever, severe headache, and stiff neck,
suggestive of meningitis

Genera (any symptoms)

Either clinically apparent synovitisor a
new onset of symptoms consistent with
inflammeatory arthritis but without clinical-
ly apparent synovial swelling

General (any symptoms)
Symptoms related to gastroenterology

Symptoms related to colorectal cancer

Logs related to 3 common symptoms
(headache, muscle twitches, and chest

pain)

General (any symptoms)

Queries related to any of 6 common
symptoms: headache, chest pain, muscle
twitches, abdominal pain, nausea, and
dizziness

Queries related to one of 3 symptoms:
chest pain, muscle twitches, and abdomi-
nal pain

General®

General©

General (any symptoms)

Not assessed

Not applicable?

Not assessed

Yes, rheumatological diagnosis was
recorded after consultation

Not assessed
Not assessed

Yes; al participants were diagnosed with
colorectal cancer

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

Not assessed

@ Symptomatic: participants experienced the symptoms at the time of the study; asymptomatic: participants did not have symptoms and were surveyed
regarding fictional symptoms; previously symptomatic: participants were surveyed about symptoms they experienced previously.

b Partici pants were users asking questions about symptoms (could be own symptoms or asking on behalf of someone else).
€ Any queries related to a comprehensive list of symptoms from the Merck medical dictionary.
9 Patients were not Ssymptomatic.

What Proportion of Different Populations Usethe Web
to Appraise Symptoms?
Four studies, all surveys, reported the proportion of the study

sample that engaged in Web use for symptom appraisal (Table
5).

Quality Assessment and Risk of Bias

Quality assessment of the studies is shown in Multimedia
Appendix 3. Subsequently, we use thisinformation to critically
appraise evidence from the studies and assess risk of bias.
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Table 5. Percentage of people engaging in Web use for symptom appraisal reported by included studies (n=4).

Reference Study population Sample size Re)ported Web use for symptom appraisal, % (95%
Cl
Fox & Duggan [1] Adultsliving in the US 3014 35% (33%-37%)
White & Horvitz [42] US Microsoft employees 515 75% (71%-79%)
Medlock et al [31] Members of a senior church organization, 118 23% (15%-31%)
Netherlands
Thomson et al [41] Colorectal cancer patients, US 242 25% (20%-31%)

In Fox and Duggan’s [1] population-based survey with adults
living in the United States, 35% reported going online to attempt
self-diagnosis. Participants were sampled to mirror the
population in terms of demographics, but disproportionately
stratified to increase the incidence of nonwhite respondents.
This survey was conducted in the United States and istherefore
likely to reflect proportions in Western, high-income countries
with high Internet penetration.

White and Horvitz's [42] survey conducted among Microsoft
employees found that “three-quarters of subjects’ (the authors
do not provide absolute numbers; assuming the proportion is
75% of N=515, 95% Cl 71%-79%) reported searching for
information on symptoms. “ Two-thirds” reported researching
professionally undiagnosed conditions, at least once a month
[42]. It should be noted that this sample was biased toward
younger, male respondents with high educationa level and
socioeconomic status working within an industry that is very
Web-oriented.

Medlock et al [31] examined online health information seeking
in older people by surveying members of a senior Christian
organization. They found that 23% of participants reported using
the Web in the past 12 months to determine the cause of
symptoms. This shows that, although Web use for symptom
appraisal may be less common among older people than in the
general population (compared to 33%-37% found by Fox and
Duggan [1]), older people do engageinit.

While the previous surveys focused on diagnostic searches for
any conditions/symptoms, Thomson et al [41] conducted a
survey with colorectal cancer patients and found that 25% of
the sample reported prediagnosis Web use for symptom
appraisal.

To conclude, Fox and Duggan's [1] study with its large,
population-based sample size ismost likely to give an accurate
proportion for the genera population (in a Western, higher
income country), although the other included studies give an
indication of how this proportion can vary depending on the
population being surveyed (ie, depending on sociodemographic
variables and disease-related factors). It should also be noted
that the confidence intervals are wide in a number of these
studies reflecting considerable uncertainty about the true
proportion.

Which SymptomsAreL ikely to Be Researched Online?

Six studies examined characteristics of symptoms that were
searched for online[25-27,35,39,41]. Three of these were survey
studies [27,39,41], one was an interview study [26], and two
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involved analyses of data on usage of online resources such as
socia media, search engines, and health websites [25,35].

North et a [35] compared users of the Mayo Clinic website
with people who used a telephone triage system to appraise
their symptoms and found that tel ephone triage userswere more
likely to have acute and conspicuous symptoms requiring
immediate relief, whereas website users were more likely to
research chronic conditions. Hay et a [27] surveyed
rheumatology patients and found that some individualsin their
study sought help online because they had a history of
undiagnosed symptoms. Findings from both of these studies
suggest symptoms are researched online when they have been
present for a prolonged time.

In their study on colorectal cancer patients, Thomson et a [41]
found that neither symptom severity nor stage at diagnosis was
related to Web use for symptom appraisal, but Web users were
more likely to experience symptoms typically perceived as
embarrassing, such as change in bowel habits. Similarly,
Choudhury et a [25], who analyzed log data obtained from
Twitter and asearch engine, found that potentially embarrassing,
stigmatized, or sensitive symptoms such as “vaginal bleeding”
or “pelvic pain” were more likely to be searched for than
tweeted. Furthermore, Rice's [39] population-based telephone
survey conducted in the United States concluded that more
frequent online health seekers were more likely to look for
sensitive health topics that are difficult to talk about than less
frequent online health seekers.

Finally, in Fiksdal et al’s [26] focus group study with 19 US
adults, participants reported turning to the Web when symptoms
were perceived as trivial/nonserious and they wanted to avoid
“bothering” health professionals.

In conclusion, it appears Web use for symptom appraisal occurs
when symptoms are persistent, have a history of being
undiagnosed by hedth professionals, are potentially
embarrassing or stigmatized, and/or when they are perceived
as superficial/nonserious.

How IsWeb Use for Symptom Appraisal Conducted
(Search Strategies)?

Theme 1. Symptom-Based, Condition-Based, and
Treatment-Based Searches

Three distinct approaches to searching were identified: (1)
symptom-based searches, which used symptoms as search terms;
(2) condition-based searches, which involved searches for
particular conditions, and (3) treatment-based searches, which
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involved researching treatments for symptoms without prior
research on possible causes.

Log data from search engines suggest the majority (65%) of
exploratory hedth-related searches (ie, those aimed at
diagnosing a condition) are symptom-based rather than
condition-based [20], and remain symptom-based throughout
the search because search sessions tend to start and end with
purely symptom-rel ated queries[5,20]. One should bear in mind,
however, that log-based studies cannot ascertain searchers
actual intentions and motivations. The authors assume
occurrences of certain search terms signal certain intentions
(eg, asymptom and theterm “ cause” signal s diagnostic intent);
however, articles did not report any prior validation of these
algorithms.

An experimental study that observed people (N=79) as they
used Google or a symptom-checker tool to diagnose symptom
vignettes reported that most users conduct symptom-based
searches because most people began their search by entering
symptoms and only 24% began by specifying a condition [30].

In an experimental study conducted by Perez et a [36],
participants (N=78) were instructed to research the Web as if
they were experiencing a given symptom, described in a
vignette, while using Think Aloud. Think Aloud (also known
as “cognitive interviewing”) requires participants to vocalize
their thoughts while performing atask [48]. The authors found
that 19% of searches were treatment-based and the remainder
symptom- or condition-based (the authors did not report these
separately). It should be noted that the external validity of
vignette-based studies islimited because individuals base their
searches on the vignette descriptions rather than actual
perceptions or observations, and the search behavior observed
islikely to depend on the phrasing of the vignette.

Keselman et al [28] used interview and Think Aloud methods
to explore how a convenience sample of 20 lay individuas
interpreted a symptom vignette using the American consumer
health information service MedlinePlus. They concluded that
some parti ci pants conducted condition-based searchesand some
participants used asymptom-based approach. Additionally, they
identified a group of participants who used a condition-based
approach, but began their search with a broader hypothesis,
such as “heart disease,” and then attempted to narrow down
their search. Different barriers seemed to play a role in the
different search strategies: condition-based searcherswere prone
to confirmation bias, seeking out information that confirmed
their hypothesis and terminating the search before reviewing
further hypotheses. Those starting with abroad hypothesis often
terminated the search without coming to a conclusion. The
symptom-based searchers struggled to find the relevant results
due to the lack of specificity of their search terms[28].

Overall, it s;ems most Web use for symptom appraisal searches
are symptom-based and both log-based studies, which have
high external validity, and experimental studies, which have
high internal validity, confirm this finding. No validation was
reported for the algorithms used for the log-based studies,
however, and experimental and qualitative studies used to
observe search behavior have limited generalizability to
real-world contexts.
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Theme 2;: Selection of Search Terms

Keselman et a [28] examined the search behavior of 20 adults
using Think Aloud and discovered that partici pants often ignored
symptoms mentioned in the vignette if they perceived them as
irrelevant and exempted these from their search terms. The
authorstermed this“ sel ective perception bias.” The participants
also tended to ignore aspects of duration of the symptoms and
had difficulty discerning acute from chronic symptoms.
However, these findings stem from a single study with only 20
adults using fictional scenarios, thus further validation is
required.

Theme 3: Age Differences

Three studies reported on age differences in search behavior
[21,22,30]. Chin et a [21] (N=69) compared the search
performance of younger and older adultswhile performing either
awell-defined task (searching for a specific medical term on a
website) or an ill-defined task (using the website to diagnose a
set of symptoms). The study found that older adults performed
better in the ill-defined task, whereas younger participants
performed better in the well-defined task [21].

In another study (N=46), Chin and Fu [22] presented older and
younger adults with different interfaces of the same website:
one interface categorized symptoms based on the body parts
they occurred in and the other interface categorized symptoms
according to functional systems (eg, respiratory system).
Younger adultstended to click on significantly morelinkswithin
one category, suggesting they followed the interface of the
website, whereas older adults clicked significantly more
between-category linksregardless of theinterface. Chinand Fu
[22] conclude this was due to older adults using their existing
medical knowledge rather than the interface to guide their
search, which is supported by their finding that older adults
performed better in a medical knowledge task [22].

Luger at a [30] explored the search behavior of adults aged 50
years and older (N=79) in a Think Aloud study and found that
participants who accurately diagnosed the condition presented
in a symptom vignette were slightly younger (mean 61.72, SD
6.17 years) than those who were inaccurate (mean 65.51, SD
7.54 years), athough no inferential statistics were reported.

Thus, there are some indications that older adults perform
differently in Web searchesfor symptom appraisal than younger
adults, possibly due to medical knowledge. However, the
available studies used small sample sizes, thusinferencesto the
wider population may not be appropriate.

Theme 4. Selecting Information

Severa studies examined how users select information from
their search results. We identified four subthemes relating to
selection of information.

Number of Search Results Viewed

Lauckner and Hsieh [29] reported that participants in their
laboratory-based, experimental study with undergraduate
students (N=274) viewed approximately four links on results
pages, which wasthe number of resultsvisible abovethe“fold”
(ie, users would need to scroll down to view more results).
Corroborating thisfinding, Keselman et al [28] discovered that
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participants in their qualitative study (N=20) often ignored
relevant links while trying to diagnose a symptom vignette if
these were located below the fold. Luger et a [30] found that
older adults (N=79) in their experimental, laboratory-based
study tended to view approximately six conditions on the
WebM D symptom-checker tool after entering a set of symptoms,
although the authors do not clarify whether thiswasthe number
visible above the fold.

Thus, the top results returned by search engines will have
maximum impact on symptom appraisal, whereasthose located
below the fold may have little to no effect. Because these
findings all relate to laboratory-based studies, however, further
investigation in naturalistic settings would be beneficial.

Process of Elimination

In their study using Think Aloud with 79 adults aged 50 years
and older, Luger et a [30] found that 91% of participants used
a “process of elimination,” whereby the symptoms described
in the vignette were compared against those listed for a given
condition and the condition was discarded as a hypothesisif it
included symptoms not mentioned in the vignette. Thisfinding
suggests that a common search strategy is to narrow down the
hypotheses by discarding those with symptoms not matching
one's own. However, the mgjority of the sample was highly
educated (all had some university education), therefore
generalizability to the wider population is unclear.

Source Credibility

In Luger et a’s[30] study with adults aged 50 years and older
(N=79), source credibility was mentioned by only 25% of the
sample. They also found that one-third viewed user-generated
content such as discussion boards, which are not quality
controlled. White and Horvitz [46] found in their log-based
study that consumer sites such as MayoClinic.com or WebMD
(both well-known American corporations and health websites)
are positively related to click-through rates following searches
that contain symptoms as search terms, suggesting widely
known, established health websites are likely to be accessed
during Web use for symptom appraisal. White and Horvitz [5]
also suggest searchesthat “ escalate” (ie, progressfrom searching
for symptoms to serious conditions) contain more visits to
“trusted sources’ (eg, governmental websites, websites of health
organizations). It isimportant to note that although the authors
claim to research “diagnostic searches,” this was identified
through the presence of symptoms in search terms and may
therefore also include nondiagnostic searches.

Pages M entioning Serious I lInesses

White and Horvitz [46] filtered logs from a search engine and
examined how users issuing symptom queries subsequently
interacted with search results pages. They found that users
engage morewith captions on search results pagesthat mention
serious illnesses, hovering more frequently and longer over
these captions and clicking these more often than captions
mentioning benign causes. Terminology related to serious
illnesses such as “malignant” “severe” and “tumor”
significantly increased click probability, whereasterms such as
“benign” decreased click probability. Additionally, users were
morelikely to engage with sitesindicating they can help identify
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causes of symptoms (eg, by mentioning the words “learn” and
“causes’).

Although we do not know searchers' intentions or how they
used the information found, these findings suggest those
researching symptoms online are more likely to engage with
websites relating to serious causes.

To summarize, Web use for symptom appraisal typically
involves inputting information into a search tool and
subsequently narrowing down results returned by the search
tool. When inputting information, most users appear to choose
search terms based on symptoms rather than hypothesized
conditions, but users do not appear to utilize all information
available (eg, some symptoms may be omitted, as well as the
frequency/duration of symptoms). Furthermore, there is some
limited evidence that older adults perform differently in Web
searches for symptom appraisal than younger adults, and that
this may be due to medical knowledge. Once a selection of
results is provided by the search tool, users tend to narrow
results down by taking into account the results’ position on the
results page, the degree of seriousness of the condition, the
credibility of the source, and the extent of overlap between the
listed and the experienced symptoms.

Behavioral Consequences of Web Use for Symptom
Appraisal

Theme 1. Increased Help Seeking

In Fox and Duggan’s [1] population-based survey (N=3014),
46% (95% Cl 44.22%-47.78%) of online salf-diagnosersclaimed
that information found online led them to think they needed the
attention of a health professional. Thomson et a [41] found in
their survey with colorectal cancer patients that 25% (95% Cl
19.54%-30.46%) of online self-diagnosers were reportedly
persuaded by the information found online to see a health
professional. This suggeststhe proportion of people encouraged
to seek medical help based on Web use for symptom appraisal
may be significantly lower among colorectal cancer patients
than in the general population surveyed by Fox and Duggan
[1].

Using logistic regression with a survey sample of more than
2000 Americansaged 12 yearsand older, Ybarraet a [47] found
that online self-diagnosers were 2.5 times more likely to report
contacting a health professional than online health information
seekerswho did not try to diagnose symptoms online, suggesting
Web use for symptom appraisal is linked to increased health
care contact.

Some studies suggest that the mode of presenting information
on awehsite may affect users’ decisionsto seek medical advice:
in a UK-based qualitative study [24], participants reportedly
felt encouraged to seek help after viewing an online “digital
storytelling” video about urogenital atrophy; 73% who had
reportedly been too embarrassed to see a health professional
before and 87% who had not wanted to bother their doctor would
now seek help. In an online pilot randomized trial, Mueller et
al [33] examined whether addition of theory-based components
to online health information can increase intention to seek help.
Thetheory-based components appeared to significantly increase
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intention to seek medical help, although the sample sizein this
pilot study (N=97) was too small to allow firm conclusions.

Using log-based search engine data, White and Horvitz [44]
examined search behaviors related to health care utilization
intent. Health care utilization intent was assumed to be present
when users conducted searches for hedlth care
practitioners/clinics near their geographical area. They found
that users who displayed certain search behavior—such as
visiting websites that mention serious conditions before benign
ones—were more likely to show health care utilization intent
subsequently. This suggests online search behavior following
symptom queries is related to subsequent health care contact,
although mechanisms of causality are unclear based on this
data. Furthermore, the authors do not report whether/how their
algorithmswerevalidated; thus, it isunclear whether their proxy
measure of health care utilization intent is valid.

By observing how patients attending a rheumatology clinic
completed the NHS and WebMD symptom-checker tools,
Powley et a [38] found indicationsthat symptom-checker tools
provide information that can propagate unnecessary help
seeking. Of 34 patients, 15 wereinappropriately advised to seek
help from emergency services rather than primary care,
indicating potential issues with the algorithms used in
symptom-checker tools. One should bear in mind, however,
that this study does not allow any conclusion on whether real
users would follow this advice or not.

Theme 2: Decreased Help Seeking

In Powell et a’s [37] interview study of users (N=26) of the
NHS Direct website (the official website of the UK National
Health Service), some participants reportedly used online health
information as a form of “demand management,” to identify
trivial symptoms not warranting medical attention. Similarly,
some participants in Fiksdal et al’s [26] focus group study
reported using the Web to avoid “ bothering” health professionals
with trivial symptoms. In both studies, it was not followed up
whether users had correctly or incorrectly classified symptoms
as trivial. Finaly, in Attfield et a’s [6] interview study,
participants reported sometimes being reassured by Web
searches that help seeking was not necessary. Evidence for this
theme stems only from qualitative studies, thus, generalizability
is uncertain.

Theme 3: Communication with Health Professionals

Fox and Duggan [1] found that 53% of online self-diagnosers
reportedly discussed the health information found online with
a health professional. Two qualitative studies by Cooper et al
[23] and Attfield et al [6] found that patients used the Web to
appraise symptoms in order to prepare for consultations by
preparing questions, collating relevant information, and
enhancing their knowledge in order to understand the advice
received.

Two studies found indications that Web use for symptom
appraisal is related to reduced communication with a health
professional [27,41]. Hay et a [27] found that new rheumatol ogy
patients who engaged in Web use for symptom appraisal were
significantly less likely to want to challenge their health
professionals' advice than those who did not. The authors note
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that study participants were concerned about evoking the
impression of questioning health professionals’ advice. Thomson
et a [41] found that Web use for symptom appraisal was
significantly related to feeling hesitant about discussing
symptoms with a health professional. However, direction of
causality isunclear. It is possible that information found online
dissuaded individuals from communicating with health
professional s or that people chose to research symptoms online
because they were reticent about discussing their symptoms.

From the preceding findings, we can conclude that Web use for
symptom appraisal is used to inform the decision of whether to
present to health services and that online self-diagnosers are
more likely than other health information seekers to contact a
health professional. This can potentialy be increased, where
appropriate, with novel methods such as “digital storytelling”
or theory-based components. Some evidence also suggests that
online health information can potentially reduce help seeking
by calming users fears. It isunclear, however, what proportion
of users feel encouraged or discouraged to seek help
appropriately (ie, what proportion of userswho feel encouraged
to seek help actually have a condition warranting medical
attention, and what proportion of users who feel discouraged
to seek help actualy do not need medical attention).
Furthermore, it is unclear whether those engaging in Web use
for symptom appraisal are more or less likely to seek medical
advice than those experiencing the same symptoms without
researching online because this comparison was not made in
any of theincluded studies. Web use for symptom appraisal can
also play arole in communication with health professional s by
influencing how individuals prepare for consultations and
prompting discussion of online health information.

Emational Consequences of Web Use for Symptom
Appraisal

In White and Horvitz's [42] survey among 515 Microsoft
employees, 38.5% reported that online health information had
made them fedl anxious in the past, and 50.3% reported Web
use for symptom appraisal had made them feel less anxious.
The survey sample was biased toward younger, more educated,
and information technol ogy-literate respondents.

Powell et al [37], who examined the motivations of users of the
NHS Direct website using semistructured interviews, found that
participants sought health information online to obtain
reassurance about symptoms. The majority nevertheless
subsequently sought medical help, athough sometimes with
less urgency and anxiety.

Teriaky et a [40] surveyed patients (N=87) awaiting
appointments at a general gastroenterology clinic and asked
those who reported using the Web prior to their consultations
whether this had changed their anxiety levels. In al, 77%
experienced no change, 21% experienced an increase, and 2%
a decrease. One should note that this sample consists of those
who decided to report to health services (and who admitted Web
use for symptom appraisal); there may be a larger proportion
of userswho felt calmed by their searches and therefore did not
present to health services.
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Lauckner et a [29] found in their experimental |aboratory-based
study (N=274) that presenting search engine results relating to
serious conditions before benign conditions and a higher
frequency of results relating to serious conditions was related
to negative emotional outcomes such as fear. These findings
suggest acausal relationship between exposure to search results
during Web usefor symptom appraisal and increasesin anxiety.

Another experimental study conducted by Norr et al [34],
however, found no difference in the anxiety levels of their
participants (N=56) following review of either (1) websites
containing information on causes of symptoms or (2) websites
on general health and wellness (eg, exercise, healthy diet)
without reference to medical conditions or symptoms.

Therefore, some evidence suggests there is a relationship
between Web use for symptom appraisal and health anxiety.
Findingsfrom experimental studieswere mixed regarding causal
relationships.Surveys and interviewsindicate thereisapotential
for calming effects and decreases in anxiety, and that the
proportion who report feeling calmed by Web use for symptom
appraisal is higher than those reporting anxiety. It is aso
possible that those who engage in Web use for symptom
appraisal are more anxious about their health generally. It is
unclear when anxiety is warranted because participants’ actual
diagnoses were not followed up, and comparisons to those who
did not research symptoms was lacking.

Discussion

Thisisthefirst systematic review and synthesis of theliterature
available on Web usefor symptom appraisal. Our main findings
were:

1. Approximately 35% of the general population engage in
Web use for symptom appraisal, but the proportion can
vary considerably (25%-75%) depending on the population
under study.

2. Symptomstend to be researched online when they arelong
term, potentially embarrassing/stigmatized, have been
presented to health services previously with inconclusive
outcomes, and/or when they are perceived astrivial.

3. Searches tend to be based on symptoms rather than
hypothesized conditions; users seem to focus on particular
symptoms while disregarding other symptoms and aspects
such as frequency and duration.

4. Once a selection of results is returned by the search tool,
peopl e use specific techniques to narrow results down (eg,
taking into account the position on the results page or the
credibility of the source).

5. Evidenceindicatesthat onlineinformationisused toinform
the decision of whether to contact health services and is
related to (increased and decreased) anxiety, but the precise
impact cannot be discerned due to lack of follow-up and
appropriate comparison groups.

Subsequently, we discuss whether Web use for symptom
appraisal should be viewed as an asset or a liability in health
care delivery based on currently available evidence, and make
recommendations for the improvement of online health
information.
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Web Use for Symptom Appraisal: Assistance or
Hindranceto Health Promotion?

Criticisms of online sdlf-diagnoses include concern over
unnecessary anxiety and health care utilization [5,49]. Our
review confirms that the Web can increase anxiety and health
care contact among users [5,29,42,44], but revealsthat thereis
insufficient evidence to conclude this occurs unnecessarily.

First, it is important to note limitations of approaches used to
examine rel ationshi ps between Web use for symptom appraisal
and health anxiety or help-seeking behavior. Cross-sectional
surveys cannot show direction of causality. It is possible that
using the Web to appraise symptoms causes anxiety, or that
anxiety triggers Web use for symptom appraisal, or that athird
factor influences both. Furthermore, the surveys that reported
on anxiety among online self-diagnosers were biased toward
certain demographic [42] or patient groups [40], and did not
use validated measures of anxiety levels.

Log-based studies, which evaluate behavior based on search
engine log data, do not allow firm conclusions regarding users
actual behaviors and moativations. For example, White and
Horvitz [5] found that users who begin their searches for
symptoms often progress to researching serious conditions, but
it isnot clear whether usersare anxious or using theinformation
to reassure themselves. The authors assume certain search terms
signal certain intentions (eg, a symptom and the term “cause’
signals diagnostic intent), but no action was described to
determinethevalidity of these assumptions. Thus, insightsfrom
log-based studies are limited.

Experimental research showsthat users asked to research certain
symptoms may report feeling anxious following Web searches
[29], but it is not possible to infer whether this anxiety would
be unwarranted in a naturalistic setting (ie, if symptoms were
actually present).

Using the Web to apprai se symptoms may also decrease anxiety
in some cases [37,42] and Web searches are sometimes used to
identify alternativesto health care utilization [6,37]. Individuals
describe using online information to evaluate mild/superficial
symptomsto avoid wasting health professionals' time[26]. This
shows that Web use for symptom appraisal can also decrease
anxiety and help seeking. It is possible that Web use for
symptom appraisal discourages help seeking for trivial
symptoms, thus reducing pressure on health care resources.
However, itisalso possiblethat Web use for symptom appraisal
leads to complacency and prevents help seeking when it is
actually necessary.

There are also indications that Web-based information can help
individuals recognize their symptoms as signs of serious
conditions[41]. Indeed, our review highlightsthat online health
information isan important resource when obtaining information
from health professionals is difficult (eg, when symptoms are
embarrassing or stigmatized) [25,39,41] or when previousvisits
to health care have beenineffective[27,35]. Thissuggeststhere
is potential for the Web to be an assistance to health care.

Finaly, it should be noted that worry can aso have positive
effects on health behaviors [50]. The Protection Motivation
Theory suggests that fear will increase intention to perform a
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certain behavior if the individual feels able to perform the
behavior and believes that the behavior will reduce the threat
[51]. Similarly, according to the Health Belief Model, fear
should result in recommended health behavior if perceived
benefits of the recommended behavior are high and barriersare
low [51]. Overall, thisindicates anxiety induced through online
health information can enhance recommended health behaviors
if information is presented in away that enables concrete action
and decision making.

A limitation we discovered across different methodol ogies was
the lack of follow-up on participants help-seeking behavior
and diagnoses. Without this information, we cannot discern
whether individuals self-diagnoses and decisions regarding
help-seeking behavior are appropriate or not. We also cannot
determine long-term impacts on health care utilization.
Furthermore, essential comparison groups are generally lacking.
For example, it would be necessary to compare those who
research symptoms online with those who do not (rather than
surveying only online self-diagnosers), and to compare those
who present to health services with those who do not (rather
than surveying only patients presenting in clinic) to determine
impacts of Web use.

Recommendationsto Improve Online Health
I nformation

Based on the findings of this review, we suggest changes to
health websites, Web apps, and search engines such that they
can provide useful information to those researching symptoms.

Our analyses reveal that users tend to search inductively based
on symptoms. Search enginesand symptom-checker tools need
to ensure users are directed to useful information when
symptoms are entered. The review also shows that searchers
tend to omit dimensions such as duration and frequency of
symptoms in their search terms [28], and that symptom-based
searchers struggle to find relevant results due to lack of
specificity of their search terms. This suggests it is important
that usersaredirected to useful termsto narrow their search and
prompted to provide information on duration and frequency of
symptomsto improve specificity of searches. In support of this,
recent research suggests that incorporation of query expansion
techniques into information retrieval systems can improve the
search effectiveness of search engines for diagnostic symptom
searches [52].

Our review aso revedls that online health information can
impact on the decision to seek help and on communication with
health professionals. Health websites and apps need to ensure
they provide useful information to support searchers in their
decisionsand health careinteractions. Health websites providing
symptom information should, for example, provide clear
guidelines on when medical advice should be sought (eg, if a
symptom hasacertain quality or duration) and how help should
be sought (eg, immediately via emergency services or within
the next week via primary care).

Strengths and Limitations

Asthereview includes a diversity of study types and methods,
a guantitative synthesis or meta-analysis was not possible.
However, traditional forms of systematic review that do not
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make use of all forms of evidence often do not take differing
contexts into account, limiting their use to policy makers and
practitioners[15]. Moreinclusiveformsof review that combine
findings from different study designs allow a richer, more
holistic understanding of the phenomenon under study [15]. We
were able to combine real-world insights from observational
studies, such as analyses of search engine log data with data
from more controlled, experimental settings, thereby improving
external and internal validity. Furthermore, by incorporating
findingsfrom large, population-based studiesaswell assmaller
interview-based studies, we were able to gain an understanding
of the impact of Web use for symptom appraisal at the
population level, while also obtaining more detailed reports of
peoples’ perceptions and experiences. Moreover, by including
studies that cover a broad range of populations (eg, different
conditions/symptom profiles, age groups, socioeconomic status),
we have shown how Web usage can differ depending on context.

In this review, we considered a diversity of symptoms and
conditions; when more research in this area becomes available,
it would be useful to carry out more focused reviews because
the nature of the symptom islikely to influence Web use online
[25-27,35,39,41].

Finally, it should also be noted that this review did not examine
Web use for mental health symptoms. Web use for symptoms
related to mental health and itsimpact on help seeking represent
an important field of study and should be assessed in a separate
review of the literature.

Conclusions and Future Work

This systematic review indicates that the Web can disseminate
information to those worried about symptoms and can affect
their decisions to present to health services. It also suggests
Web use for symptom appraisal can impact on how patients
prepare for consultations with health care professionals. Thus,
we can conclude that Web use for symptom appraisal has the
potential to influence the timing of help seeking and the
communication between patients and health care professionals
during consultations.

At present, limitations of the reviewed studies mean it is not
clear when the Web plays a beneficia role in hedth care
delivery and when it is detrimental. Web use for symptom
appraisal has been linked to increased as well as decreased
anxiety and health care contact. However, the evidence does
not show when this is warranted because most studies did not
follow up whether participants ultimately sought help following
their Web searches and whether they received a diagnosis.
Furthermore, comparison groups are lacking to determine the
effects of Web use for symptom appraisal.

We need longitudinal research that follows up whether
participants seek help and are ultimately diagnosed following
Web searches, and compare Web searchers to non-Web
searchers. These data can then be used to weigh the benefits of
Web use for symptom appraisal (eg, reductions in delays to
diagnosis and avoidance of unnecessary health care use) against
the disadvantages (eg, unnecessary anxiety and health care use)
and relate these to health care costs. Research should focus on
real-world samples of people experiencing symptoms and could
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involve novel methods of tracking behavior, such as analysis
of search engine log data and mobile geotracking as used in
some of the included studiesto follow people over time. These
studies have the advantage of high external validity and large
sample sizes. However, the algorithms used to analyze these
datashould first be tested extensively for reliability and validity

Mueller et a

meaningfully be conducted. Moreover, further experimental
studies would allow a detailed analysis of search behavior.
Future research could examine how the different search
strategies identified here—symptom-based, condition-based,
and treatment-based—rel ate to cognitive biases and link thisto
theory.

before further work to evaluate cost effectiveness can
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Abstract

Devices and programs using digital technology to foster or support behavior change (digital interventions) are increasingly
ubiquitous, being adopted for use in patient diagnosis and treatment, self-management of chronic diseases, and in primary
prevention. They have been heralded as potentially revolutionizing the ways in which individuals can monitor and improve their
health behaviors and health care by improving outcomes, reducing costs, and improving the patient experience. However, we are
still mainly in the age of promiserather than delivery. Devel oping and eval uating these digital interventions presents new challenges
and new versions of old challenges that require use of improved and perhaps entirely new methods for research and evaluation.
Thisarticle discussesthese challenges and provides recommendations aimed at accel erating the rate of progressin digital behavior
intervention research and practice. Areas addressed include intervention devel opment in arapidly changing technological landscape,
promoting user engagement, advancing the underpinning science and theory, eval uating effectiveness and cost-effectiveness, and
addressing issues of regulatory, ethical, and information governance. Thisarticleisthe result of atwo-day international workshop
on how to create, evaluate, and implement effective digital interventions in relation to health behaviors. It was held in London
in September 2015 and was supported by the United Kingdom's Medical Research Council (MRC), the National Institute for
Health Research (NIHR), the Methodology Research Programme (Pl Susan Michie), and the Robert Wood Johnson Foundation
of the United States (Pl Kevin Patrick). Important recommendations to manage the rapid pace of change include considering
using emerging techniques from data science, machine learning, and Bayesian approaches and learning from other disciplines
including computer science and engineering. With regard to assessing and promoting engagement, a key conclusion was that
sustained engagement is not always required and that for each intervention it is useful to establish what constitutes “effective
engagement,” that is, sufficient engagement to achieve the intended outcomes. The potential of digital interventions for testing
and advancing theories of behavior change by generating ecologically valid, real -time objective datawas recognized. Evaluations
should include all phases of the devel opment cycle, designed for generalizability, and consider new experimental designsto make
the best use of rich data streams. Future health economics analyses need to recognize and model the complex and potentially
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far-reaching costs and benefits of digital interventions. Interms of governance, devel opers of digital behavior interventions should
comply with existing regulatory frameworks, but with consideration for emerging standards around information governance,

ethics, and interoperability.

(J Med Internet Res 2017;19(6):€232) doi:10.2196/jmir.7126

KEYWORDS

health behavior; psychological theory; mobile applications; behavioral medicine; mHealth; eHealth

Introduction

Programs and devices using digita technology (digital
interventions) have great potential to improve population health
and the efficiency and reach of health care delivery. Mobile
apps, SMS (short message service) messages, wearable and
ambient sensors, social media, and interactive websites can
improve health by supporting behaviors involved in disease
prevention, self-management of long-term conditions, and
delivery of evidence-based hedlth care practice. Such
interventions also have potential to do harm if they provide
inappropriate advice, involveinteractionsthat underminedesired
behaviors, inappropriately share data, or are used instead of
more effective behavior change interventions.

http://www.jmir.org/2017/6/e232/

RenderX

Many of these digital interventions seek to foster or support
behavior change on the part of hedth care professionals,
patients, or the general public. The challenges involved in
developing, evaluating, and implementing effective digital
behavior changeinterventions (DBCIs), and preventing the use
of counterproductive ones, have only just begun to be delineated,
let alone met [1]. Some of the challenges are similar to those
faced by other behavior change interventions, but many are
unique, including those of pace of development, engagement
with the intervention, measurement of effectiveness and cost
effectiveness, and compliance with regulatory, ethical, and
security requirements. These challenges are set out in more
detail in Table 1.
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Table 1. Challengesfor developing and evaluating digital interventions targeting behavior change.

Topics

Challenges

Pace and efficiency

Rapid technological change and iterative devel opment cycles make it necessary to continually update and adapt
interventions.

Existing development and eval uation cycles are slow and unsuited to dynamic systems and rapidly changing contexts.

Efficient, continuing relationships between academics and intervention devel opers are needed for implementation,
continued development, and evaluation.

Engagement

Engagement with digital interventionsis often too limited to support behavior change.

Engagement is multidimensional and cannot be evaluated simply by DBCI? usage.

Engagement with DBCIs may be unequal between different groups and at risk of reinforcing disparities or inequal-

ities.

Theory

Often, thereis alack of clarity around the mechanisms through which DBCls have their effect.

Methods of characterizing intervention components, mode of delivery, and contextsthat characterize their essential

features are required but limited.
Evaluation of effectiveness

Controlling the testing environment is made problematic by the ready availability of alternative interventions.

It isdifficult to specify comparator interventions or control conditions that allow meaningful evaluation of thein-

tervention of interest.

Better methods for structuring and analyzing very large, dynamic, and heterogeneous data sets are needed.

Reach and engagement can be low.

The complex multi-component nature of interventions requires an iterative design and testing cycle.

Evaluation of cost-effectiveness
ployment, and delivery cycle.

Thereisalack of techniques for economic and cost-effectiveness evaluation across the digital development, de-

Funding mechanismsare not aligned with the digital model of development, implementation, iterative improvement,

and evaluation.

Regulation, ethics, and informa-
tion governance

There are competing commercial and ethical demands on data ownership and intellectual property.

There are emerging and different standards around ethical or institutional review in the biomedical, psychological,
and digital development communities.

There are uncertain quality standards and regulatory processes for digital interventions (with standards either in
development or inappropriately adapted from other contexts).

@DBCI: Digital behavior change interventions.

There are also unique opportunities. For example, the type and
amount of data that can be collected creates unprecedented
potential to test and advance theories; understanding more about
human behavior will enable the development of more effective
DBCIs[2]. Rising to these challenges and making the most of
opportunities will require the expertise and collaboration of a
wide range of academic disciplines such as behavioral,
computer, and engineering sciences and user-centered design.

Given the explosion of development and use of DBCIs aimed
at improving health, there is a need for recommendations for
designing, evaluating, and implementing digital interventions
in health care. Such recommendations are needed to (1) identify
the scientific principlesrelevant to devel oping effective DBCIs,
making digital research more efficient and future interventions
safer and more effective and (2) to support key disciplines,
health care professionals, patients, and the public to work
together more effectively to advance research methods and the
understanding and techniques of behavior change through digital
technology.

To this end, an international workshop of experts in relevant
fields was convened to consider the challenges, opportunities,

http://www.jmir.org/2017/6/e232/

and strategies for advancement and to formulate principles for
developing and evaluating DBCIs. Theworkshop led to aseries
of publications[3-7]. Thispaper discusseskey recommendations
arising from the workshop and subsequent discussion.

Methods

Aninternational expert consensus-building two-day workshop,
supported by the United Kingdom’s Medical Research Council
and the National Institutes of Health and the Robert Wood
Johnson Foundation of the United Stateswas held in September
2015 in London. The 42 participants from four countries were
selected to include those who devel op, evaluate, use, and fund
DBCIs for both research and practical purposes. Participants
included health care professionals, popul ation health researchers
(eg, systematic reviewers, behavioral scientists, and health
economists), and intervention developers. The workshop
proposal (led by SM) and steering group are shown in
Multimedia Appendix 1.

The primary deliverable from thisworkshop was aset of journal
articlesthat would summarize key issuesfor researchin DBCls
and a synoptic paper setting out some key recommendations.
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Six topics were identified through discussion amongst the
participants. Leaders for each topic were identified and
participants were asked to sign up to one or more topics on the
basis that they would actively contribute to writing the papers.
The topics were (1) the pace of technological development, (2)
understanding and promoting effective engagement with users,
(3) advancing models and theories, (4) evaluation strategies,
(5) economic evaluation, and (6) regulation and governance.

Thewriting groups met by teleconference before the workshop
to write draft papers that were circulated to the whole group in
advance of the workshop. These drafts provided the structure
and basis of the discussions at the workshop. A formal consensus
process was not used, but the structured and open discussions
did not reveal any fundamental disagreements about the nature
of the recommendations, while at the same time supporting their
refinement and specificity. Scribes were appointed from the
writing groups to take and circulate notes of relevant points for
each paper and the proceedings were audio-recorded. The
writing groups devel oped five articles after the workshop, now
published in the American Journa of Preventive Medicine
(AJPM) [1,3-7].

The five articles informed the recommendations presented in
this article. All authors were workshop participants (SM was
Pl for the project and LY and KP were Editors of the AJPM
Special Section).

Results

The key recommendationsfor developing and evaluating digital
interventions are summarized in Table 2.
Achieving Rapid and Efficient Development

Behavior change interventions are moving rapidly from their
historical roots in interpersona counseling and mass
communicationtotheincreasingly pervasiveworld of ubiquitous

http://www.jmir.org/2017/6/e232/
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personal mobile and social technologies. Thus, the methods by
which we deploy, evaluate, and improve these DBCIs are
moving from relatively data-poor, infrequent, and typically
post-hoc assessments to methods that incorporate continuous
measurement of theintervention effectsin real time[3]. Related
to these issues, the following recommendations emerged from
the discussion.

Consider Adopting Methods From Engineering and
Other Data-1 ntensive Domainsin the Development Cycle

Rather than using deployment-evaluation cycles in which
successive measures are collected every few weeks or months,
a new type of rapid feedback approach is possible. Theories,
models, and methods to support this approach can be found in
systems engineering and related sectors, for example, control
theory [8], use of factoria or fractionated evaluation designs
[9], and system optimization strategies [10] (please refer to [2]
and Multimedia Appendix 2 for more details).

Use Bayesian and Related Approaches to I mprove the
Predictive Modeling Capabilities of Digital Behavior
Change I nterventions

In addition to enabling more agile evaluation of interventions
as they are deployed, sciences outside the traditional medical,
public health, and social or behavioral arenas can inform
modeling and prediction when multiple behaviors are addressed,
when these behaviors have consequences on other important
health-related parameters, and for all of these over time and
across populations. As with the previous recommendation, the
changein scale of the datanow attainable from new technologies
is analogous to the changes that happened in the field of
meteorol ogy when multi-scale and multilevel sensors, combined
with improved computing capabilities, enabled weather
prediction models to be rapidly built, tested, improved, and
retested [11].
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Achieving rapid and
efficient development

Understanding and
jpromoting engagement

Advancing modelsand
theories

Evaluating effective-
ness

Evaluating cost-effec-
tiveness

Ensuring regulatory,
ethical, and informa-
tion governance

Consider adopting
methodsfrom engineer-
ing and other data-in-
tensive domainsin the
development cycle.

UseBayesian and relat-
ed approachesto im-
prove the predictive
modeling capabilities
of DBCls.

Leverage advancesin
data science such as
machine learning, but
ensure that human in-
put isretained as need-
ed.

Specify and establish
empiricaly what consti-
tutes“ effective engage-
ment” for each DBCI?
that is, sufficient en-
gagement to achieve
theintended outcomes.

Identify and develop
valid and efficient
combinations of objec-
tive and subjective
measures to build and
test multidimensional
models of engagement.

Develop DBClswitha
person-centered and it-
erative approach, using
mixed methods to pro-
gressively refine the
DBCI to meet user re-
quirements.

Use the large amounts
of redl-time, ecological-
ly valid data generated
by DBClsto test and
advance models and
theories of behavior
change.

Develop methods able
to efficiently analyze
large, complex data
sets to test dynamic
theoretical propositions
and allow personaliza-
tion of DBCls.

Specify the circum-
stancesin which apro-
posed mechanism of
action of aDBCI will
produce atargeted ef-
fect and build an ontol-
ogy to organize knowl-
edge resulting from
this.

Develop DBClsusing
amodular approach.

Evaluate at all phases
in the devel opment cy-
cle.

Design evaluations for
generalizability.

Use methods of DBCI
evaluation that capital-
ize on their unique
characteristics.

Use features of DBCls
to optimize control and
access rich data

At every stage, includ-
ing concept develop-
ment, identify all the
relevant future costs
and benefits.

Take account of project-
ed uptake aswell as
reach.

Select amodeling
framework appropriate
for the complexity of
the projections.

Separately eval uate so-
cietal, personal, and
health care cost-effec-

Ensure compliance
with appropriate ethics
or institutional review
board processes.

Identify and adhere to
regulatory processes
that may be required
for digital medical de-
vices.

Ensure compliance
with national standards
for data handling, shar-
ing, and interoperabili-
ty, where appropriate.

Provide clear and
transparent information
on how data from the

Support interdisci-
plinary research collab-
orations and transdisci-
plinary thinking.

streams. tiveness. intervention will be
used and shared.

Choose comparators

that minimize contami-

nation.

3DBCI: Digital behavior change interventions.

Leverage Advances in Data Science Such As Machine
Learning, But Ensure That Human Input Is Retained
As Needed

Machine learning and related approaches areincreasingly being
used to solve big data challenges, including health behavior
assessment and interventions [12]. Thisis particularly the case
in the move beyond “ on average” effectsto personalized inputs
and outputs based upon each individua’s situation,
characteristics, and desired outcomes. However, we are in the
early phase of thisnew science, so the optimal balance between
computer-driven processes and human input is not yet clear: a
mix may be needed with the balance determined by both
gualitative and quantitative assessments of outcomes.

Under standing and Promoting Engagement

The novel ways in which interventions can be delivered using
digital technology result in new ways of engaging with them.
Face-to-face behavior change support typically requires users
to attend a set number of therapeutic or coaching sessions,
whereas users of DBCIs can access support when they fedl itis
necessary. Analysisof thisvery different pattern of engagement
requires careful consideration of the relationship between the

http://www.jmir.org/2017/6/e232/

“micro” level of immediate engagement with the digital
dimension of the intervention and the “macro” level of
engagement with longer-term behavior change (see next section)
[13].

Specify and Empirically Establish What Constitutes

“ Effective Engagement” for Each Digital Behavior
Change I ntervention, That | s, Sufficient Engagement
to Achieve the I ntended Outcomes

Acknowledgement of the complex relationship between
engagement with the behavioral and technological aspects of
the intervention challenges the common assumption that
engagement can be measured simply by technology usage.
Behavior change may or may not require sustained or in-depth
engagement with the digital intervention; hence, technology
usage correlates with behavioral outcomes. However, the
association is often not strong. For some users and contexts,
just one in-depth period of engagement with the DBCI may be
sufficient to initiate new habits or teach new skills, whereasfor
other types of behavior change or other users, brief but timely
context-triggered prompts may be needed long-term, whenever
the behavior is required [14]. It is therefore important to
empirically establish what the “ effective” engagement required
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to achieve behavior change is, in a particular intervention
context and for any particular user, asthisislikely to differ for
different types of interventions and target behaviors.

I dentify and Develop Valid and Efficient Combinations
of Objective and Subjective Measuresto Build and Test
Multidimensional Models of Engagement

M easuring effective engagement requires a multi-dimensional,
mixed method approach, combining objective assessment of
technology usage, behavior, and reactions to the intervention
with reports of subjective and offline experiences of users.
DBCIs promise exciting new opportunities to collect detailed
objective longitudinal data about the antecedents of behavior
change, but much work is necessary to develop and validate
reliable, non-intrusive means of assessing and analyzing user
behavior and its context. Qualitative methods are resource
intensive but provide vital complementary insights into user
views and behaviors [15]—for example, when not engaging
with the digital dimension of the intervention.

Develop Digital Behavior Change | nterventions With a
Person-Centered and I terative Approach, Using Mixed
Methods to Progressively Refine Them to Meet User
Requirements

To promote engagement with DBCIs, a*“ user-centered” [16] or
“person-based” [17] approach is essential to ensure that
interventions are responsive to users needs and preferences.
These approaches are useful in the development of any
intervention, but are particularly important for developing
DBCIs; human therapists can adjust their advice in real time
based on user reactions, whereas the content and delivery of
DBCIs must be pre-adapted during development to anticipate
arange of user reactions. This involves carrying out iterative
qualitative research and stakeholder consultation throughout
the design and devel opment process. Tailoring interventions to
different needs and preferences can improve engagement, but
a well-designed intervention that allows choice is often
accessible and engaging for a wide range of users. Adding
human support isalso known to promote engagement with many
interventions [18]. However, as tailoring and human support
both increasethe cost of interventions, it isimportant to establish
when and how interventions need to betailored to theindividual
or supplemented by human support.

Advancing Maodels and Theories of Behavior Change

Digital technology makes it much easier to collect datain real
time and places less reliance on self-report when it comes to
recording behavior and taking physiological or physical
measurements of study participantsor their environment. DBCls
generatelarge amounts of real-time, ecologically valid datathat
form digital traces that can be aggregated, connected, and
organized to gain greater understanding of how and why
behavior changes within an individual over time and how that
isinfluenced by internal physiological and psychological states
and the external world. To realize the potential of these datafor
understanding and changing behavior, a number of
recommendations emerged from the discussion (see [4]).

http://www.jmir.org/2017/6/e232/
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UsetheLarge Amountsof Real-Time, Ecologically Valid
Data Generated by Digital Behavior Change

I nterventionsto Test and Advance Modelsand Theories
of Behavior Change

Data should be collected at a level of granularity that enables
thetesting and advancement of model s and theories of behavior
change, accounting for individual variation and changes over
time. These data should be used to build dynamic theories of
human behavior, modeling not just causal and mediating
relationships, but accounting for how effects vary across
individuas, contexts, and over time. Theoriesand modelsshould
be continually tested by DBCI-generated data and the results
used to systematically refine models and theories.

Develop Methodsto Efficiently Analyze Large, Complex
Data Setsto Test Dynamic Theoretical Propositionsand
Allow Personalization of Digital Behavior Change

I nterventions

Achieving the promise of DBClsfor advancing behavior change
theories requires methods that allow vast amounts of complex
datato be analyzed and interpreted. For theories and modelsto
be useful in guiding dataanaysisand interpreting findings, they
should be as precise, quantitative, and testable as possible [19].
This alows the building of idiographic models of behavior
change and the personalization of DBCIs, that is, the tailoring
of the DBCI content and delivery to individuals. It allows DBCls
to adapt, as data are gathered about how the person respondsin
different contexts. It also enables DBCIs to intervene at
opportune moments (sometimes referred to as ecological
momentary interventions [20] or “just-in-time” adaptive
interventions [14,21].

Specify the Circumstancesin Which a Digital Behavior
Change I ntervention’s Proposed Mechanism of Action
Will Produce a Targeted Effect and Build an Ontology
to Organize Knowledge Resulting From This

DBCIs represent a qualitative leap in our ability to answer the
guestion posed by researchers, practitioners, and policy-makers:
“What works for whom in what settings to change what
behaviors, and how?’ To optimally organize knowledge about
the circumstances (when, where, for whom, and in what state
for that person) in which a proposed mechanism of action for
a DBCI will produce a targeted effect requires coherent
structures and uniform terminol ogies to describe constructs and
their inter-relationships [2,22]. Such knowledge-organizing
structures are called “ontologies’ [22,23]. Work is beginning
to develop an ontology of behavior change interventions. The
Human Behaviour Change Project is applying artificial
intelligence to refine an ontology for analyzing the up-to-date
world literature to answer the question “What works, how well,
with what degree of exposure, for whom, in what settings, with
what behaviors, and why?’ [24].

Develop Digital Behavior Change I nterventions Using
a Modular Approach
To optimize the effectiveness of DBCIs, theory should be

applied to their development and the data generated should be
analyzed in terms of the underlying theoretical propositionsin
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order to test and advance theory. This can be done by amodul ar
approach to DBCI development in which modules represent
one or more specific theoretical propositions[14]. An example
of this approach is “Drink Less,” a mobile app [25] to reduce
excessive alcohol consumption in which five theoretically
distinct modules were tested in afull factorial trial (Normative
feedback, Feedback and self-monitoring, Identity change, Action
planning, and Cognitive bias re-training) [26]. This allows the
linking of theory to intervention content, the investigation of
which techniques and mechanismsis doing the “ heavy lifting”
in effective interventions and enables the cumulative process
of advancing theory and developing more effective DBCls.
Testing and advancing theory is strengthened by supplementing
these quantitative data analytic strategies with qualitative
research methods.

Support I nterdisciplinary Research Collaborations and
Transdisciplinary Thinking

Ontologies help both to organize evidence and strengthen
interdisciplinary collaboration in developing and evaluating
DBCls informed by models and theories of behavior change.
Such collaborations, for example between behavioral scientists,
engineers, and computer scientists, will bring unique expertise
to bear upon the challenges described in this paper, but aso, in
the right circumstances, generate new understandings and
knowledge that cross disciplinary boundaries, with the whole
greater than the sum of the parts [27].

Evaluating Effectiveness

Evaluating effectiveness can be challenging for any behavior
change intervention because of problems obtaining valid
outcome measures and sufficient numbers of participants who
arerepresentative of the population of interest, fidelity in terms
of delivery of the intervention, varying levels of engagement
with the intervention, loss to follow up, and context sensitivity
of the findings. Evaluating DBCIs presents a particular blend
of challenges, some similar to other behavior change
intervention modalities and some different. Here, we highlight
some key recommendations (see [5]).

Evaluate at all Phasesin the Development Cycle

Evaluation must be built into the development cycle from the
initial concept, and then carried through to prototypes and the
final implemented version. This involves concept testing, user
testing, factorial experiments, randomized controlled trias
(where feasible and appropriate), and testing against baseline
after implementation (A-B testing) [2]. For an extensive list
with definitions of options for DBCI evaluation, please see
Multimedia Appendix 2, drawn from a published guide to
developing and evaluating DBCls in health care [2].

Design Evaluations for Generalizability

Given the high context sensitivity of DBCI effectiveness,
evaluations need to be set up in such a way that inference
beyond the strict testing conditions can be justified.
Generalization may be to different types of populations, the
same type of population at a later date, or a different
implementation of the DBCI. For example, rapidly changing
fashionswith regard to design and use of interactive components
means that studies need to be designed to allow plausible
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generalizations beyond specific DBCI features. Qualitative
research hasacontribution to makein identifying and informing
aspects of delivery and context that increase understanding of
generalizability.

Use Agile Methods of Digital Behavior Change
I ntervention Evaluation That Capitalize on Unique
Characteristics

The continuous and data-intensive nature of DBCIs, combined
with the rapidly changing technologies that support them,
challenge traditional research designs such as randomized
controlled trials (RCTs) with locked-down interventions and
research approachesthat involve lengthy recruitment, enrolment,
and study periods. While RCTs will continue to have value,
they should be complemented with adaptive research designs,
A/B testing, N-of-1 studies, and other research methods that
yield insightsin a shorter time frame or in waysthat reflect the
granular nature of the intervention effects [28]. DBCls aso
provide the opportunity to engage the user directly inthe design
of the intervention, including tailoring of preferences based
upon context and changing life circumstances.

Use Features of Digital Behavior Change I nterventions
to Optimize Control and Access Rich Data Streams

DBCIs can deliver complex personalized interventions with
high fidelity, and engagement with their components can be
assessed automatically. This provides an unrivalled opportunity
to undertake factorial experiments to assess the effectiveness
of components, but presents major challenges in terms of
conceptualizing and analyzing very large temporally structured
data streams. Analytical methods need to be devised to address
this challenge, but their value will be limited without a
theoretical underpinning to structuring and aggregating data.

Choose Comparators That Minimize Contamination

For many DBCls, such as smoking cessation or weight
management apps, highly developed products are readily
available to study participants. Therefore, researchers face a
difficult choice between a comparator that has sufficient active
components to be credible and deter searching for alternatives
and one that has so much active content that the “true” effect
of the intervention cannot be measured. In practice, for many
DBCIs, we have to accept that we may never be able to assess
their full impact, only their impact relative to another active
intervention.

Evaluating Cost-Effectiveness

Rigorous economic evaluation is required to inform decision
makers about allocation of their scarce resources. A central
motivation for DBCls is that they may be cost effective—and
certainly cheaper than their face-to-face counterparts—because
they can rapidly increase scale at minimal cost. Generating
accurate evidence of cost effectiveness will be essential in
gaining support from health system payers, but it requires
additional consideration beyond conventional analysis(see[7]).
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At Every Stage, I ncluding Concept Development, | dentify
all the Relevant Future Costs

As with al interventions, economic evaluation should be
considered from the start of intervention development to ensure
that all cost data are collected. However, existing economic
approaches (eg, |SPOR guidance [29]) will need to be adapted
to take into account the way digital health interventions are
delivered, covering thewholelife cycle of theintervention. This
may include devel opment, implementation, update, and eventual
obsolescence. While scaling interventions may be cheap, with
alow additional unit cost, development costs can be high at the
start of the processand need to be fully included in cal culations.
Therapid cycle of development for many DBCIs, with multiple
versions of a product that evolves with small iterative and
incremental improvements, isdifferent from that of therelatively
fixed products common in the pharmaceutical and medical
devicesindustries. The cost of theseiterations must be captured
and included acrossthe lifespan of theintervention. In addition,
as many DBCls may be more effective when supplemented
with human interactions, eval uations may need to consider these
less cheaply scaled human costs.

Take Projected Uptake and Reach into Account

Economic evaluations will need to understand issues of uptake,
reach, and retention of the intervention, asthese will be central
factorsin any projection of benefit. Consideration will also need
to be given to the effects of interventions around those
immediately engaged, including effects on wider social
networks. For example, given the typically high development
costs of aDBCI, the cost-effectiveness can depend critically on
getting a large number of users. Economic evaluations need to
be able to draw on evidence as to the likely uptake of a DBCI
to assess this, which may include costs incurred in promoting
the DBCI to help drive uptake.

Select a Modeling Framework Appropriate for the
Complexity of the Projections

DBClsare complex interventions by nature; they areresponsive,
with multiple components. Economic appraisals will need to
recogni ze this complexity—in terms of interventions, outcomes,
and causal pathways [30]—and use appropriate methods [31]
to assess them. More complex interventions may require the
use of sophisticated modeling techniques, including agent-based
approaches, which capture dynamic interactions between the
intervention, the population it is applied to, and the wider
environment.

Separately Evaluate Societal, Personal, and Health Care
Cost-Effectiveness

Finally, cost effectiveness analysismust be diligent in measuring
effect across its forms. This might include benefit (1) to an
individual, for example, in improved quality of life, (2) to
society, for example, inimproved productivity of theworkforce,
and (3) to the health care system, for example, in reduced
referrals to conventional face-to-face settings or hospital
admissions. Ideally, disaggregation of these separate components
should be attempted, if possible.
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Ensuring Regulatory, Ethical, and Information
Governance

Beyond the practical and measurable aspects of development
and evaluation, DBCI s present new questionsin terms of ethics
and regulation asthey challenge existing frameworks and rules
often designed in a pre-digital era.

Ensure Compliance With Ruleson Ethicsor | nstitutional
Review Board Processes

Thediversity of disciplinesinvolved in the development of new
DBCIs is challenging as the expectations and approaches of
different cultures involved may not be immediately aligned.
The notion of a minimum viable product and “fail fast, fall
often” might be encouraged in an engineering world view, but
it standsin sharp contrast to the “first do no harm” spirit of the
health care profession and the risk-averse nature of clinical
governance and patient safety. Developers may need to adjust
to the more stringent regulatory frameworks of the biomedical
sector and local ethics or institutional review processes. At the
sametime, regulatorswill need to makeimprovementsin terms
of speed and responsivenessin order to be ableto meet the needs
of fast evolving technologies. Thiswasemphasized in the United
Statesin a 2016 report from the National Academies of Science,
Engineering, and Medicine [32], which advocated reflecting
the contemporary realities of new research contexts, including
accessibility and use of personal data.

I dentify and Adhere to Regulatory Processes That May
Be Required for Digital Medical Devices

DBClswill need to navigate the complex landscape of regulation
and governance. Many of theseinterventionsfall at the blurred
edges of existing regulatory frameworks, which evolved in a
pre-digital and less software-intensive era. Depending on their
nature, many DBCIs will be classified as medica devices. A
lack of consistency of approach between countries means that
those developing interventions will need to carefully monitor
and engage with the emerging frameworks of the jurisdictions
they work within. Regulatory organizations include the United
Kingdom's Medicines & Hedthcare Products Regulatory
Agency, which has issued specific guidance on apps [33] and
the US Federal Trade Commission, which has released similar
advice [34]. In addition, although several frameworks for
assessment exist, there is diversity in views about what the
necessary domains of quality are for DBCIls. Developers will
need to understand this variation and create the appropriate
evidence to match these specifications. Devel oping assessment
frameworksin the United Kingdom include the National Health
Service (NHS) app assessment model [35] and the European
Union mHealth assessment guidelines [36].

Ensure Compliance With National Standardsfor Data
Handling, Sharing, and I nteroperability, Where
Appropriate

There are unique challenges of information governance, as
DBCIs may produce large amounts of personal, identifiable,
and potentially valuable data. Asdataisoften collected directly
from mobile devices, thismay include geographical information
or information related to contacts and social networks. Those
developing interventions will have to comply with local
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legislation that varies in scope and detail. Relevant legislation
includes the Health Insurance Portability and Accountability
Act (HIPAA) [37] inthe United States, the Data Protection Act
[38] (together with the Caldecott principles) in the United
Kingdom, and the General Data Privacy Regulation in the EU
[39]. In addition, DBCls may have more benefit if they are able
to formally interact with health care delivery systems and, in
particular, with electronic health records, requiring compatibility
with local (and often highly variable) standards.

Provide Clear and Transparent I nformation on How
Data From the I ntervention Will Be Used and Shared

Beyond the essentia regulatory frameworks, there are wider
societal questions that have not yet been definitively answered
regarding acceptability of data collection and sharing with
competing commercial and ethical demands on data ownership.
Some interventions are provided on afee-for-use basis. Others
have more complicated business models where a product is
provided for free, but data is made available to the provider.
There may be a trade-off that the public is willing to make
between sharing their own data, effectiveness of interventions,
and cost. As the threshold of acceptability is till being
understood—and asthisthreshold may vary between populations
and individuals—developers will need to tread cautiously and
transparently. In addition, ownership of the data produced by
DBClsis not always clear and may vary by jurisdiction. These
data have the potential to be avaluable resource for health care
research and service planning [40], but the public may not be
aware of these potential uses and may have reservations about
how the data are used [41]. Developers should provide clarity
about how and with whom they share their data. They may also
wish to make sure that the business model for provision of their
intervention is openly reported.

Discussion

Future Research

The approaches used to address the compelling health problems
of our times should be based in state-of-the-art science in
medicine, public health, and the socia and behavioral sciences.
They must aso reflect advances in other disciplines such as
engineering, data science, systems science, human-computer
interaction, and communications technologies, in particular if
these promise to improve the means by which we both
understand the determinants of health and improve health
behaviors. Innovations in digital health are now emerging on
several fronts that demonstrate the utility of methods drawn
from these fields. This should not surprise anyone who is
engaged as a digital citizen in the increasingly smart and
connected world in which we now live. The mobile in our
pockets, purses, or backpacksis becoming both anincreasingly
important window on the potential of digital health and an
enabler thereof. Thus, there is a need to consider severd
implications of these developments and optimally shape them
asthey go forward.

The ways in which users engage with digital interventions are
changing as fast as the technol ogies for delivering them, and it
isimportant that our methods of conceptualizing and assessing
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engagement keep pace. Earlier, PC-based digital interventions
often replicated a series of therapeutic or coaching “sessions,”
and engagement was defined simply as completing sufficient
sessions to receive the full therapeutic program. However,
mobile users of just-in-time adaptive interventions may just
engage briefly at the crucia time-point with precisely the
required behavior change support. The “ effective” engagement
required for behavior change support istherefore likely to differ,
depending on the users and their contexts, and can only be
determined by analyzing complex patterns of relationships
between usage, user experiences, and outcomes. A challenge
for future research into DBCls is to find the most valid and
efficient combinations of methods of measuring engagement
with the intervention, both on the Internet and offline.
Technology can provide detailed, unobtrusive assessment of
behavior and its context, while complementary qualitative
methods are crucial to fully understand and interpret user
experiences. These qualitative approaches are centra to
participatory user-centered design, which is the key to
developing and evaluating DBCIs in order to ensure that they
are engaging and effective [16,17].

With respect to theory, DBCIs provide an unprecedented
opportunity to test and advance our understanding of how
behavior changes. However, this requires the application of
more “agile’ science [42]. This includes designing DBCIs on
amodular basis with a clear understanding of which behavior
change techniques [43] constitute that module and how they
link to the theoretically postulated mechanisms of action.
Collaborations between behavioral scientists and computer
scientists are enabling theories of change to be specified in
precise detail as sets of constructs and specified relationships
between them. Computational models can define and test not
just interactions between modules, mechanisms of action, and
behaviors, but also how these vary across individuals and
populations, settings, and time. Thisis spawning afruitful area
of “ontology” development, ontologies being well specified
structures for organizing knowledge [22]. By combining this
with computational algorithms and machine learning, the
promise is that we can advance theoretical understanding of
behavior change so that we can answer with confidence the
questions put by health practitioners and policy makers: “What
works, how well, for whom, inwhat settings, for what behaviors,
and why?’ [24].

With respect to evaluation, one key effectiveness question for
policy makers and practitioners is whether purchasing or
commissioning agiven intervention will improve outcomes for
their population compared with current practice or another
innovation that they may be considering. Another is whether
digital interventions can reduce the cost of health care provision
without a significant loss of effectiveness. Ideally, this would
involve pragmatic randomized trials (individual or cluster)
comparing the different forms of care. However, the analysis
in this paper indicatesthat thisis often impracticable. Moreover,
there are so many unknowns in the development of these
interventions that a much more iterative cycle of development
and testing is needed before getting to the point of a pivotal
evaluation. Even when an intervention has been found to be
effective in a pivotal evaluation, there are no guarantees that it
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will continueto be effectivein arapidly changing context. This
means that the evaluation strategy for DBCIs needs to be fully
integrated into every phase of devel opment and implementation
and needsto take advantage of the wide range of methodol ogies
that are available, both experimental and observational, while
also taking into account the exposure as well as effect in those
exposed. The evaluation needs to take advantage of statistical
techniques, particularly Bayesian analysesthat promote ongoing
accumulation of evidence.

With respect to the economic evaluation, policy makers and
service providers will be hungry for the potential to deliver
interventions at scalewith only small increasesin margina cost,
often in comparison with face-to-faceinterventions. This creates
a requirement for evaluators to adapt existing economic
approaches and develop new ones to accurately capture cost
across the full digital development cycle, measure the reach of
theintervention, and consider the complexity of theintervention
to alow meaningful comparison. In evaluating both
effectiveness and cost effectiveness, policy makers and
organizations that consider purchasing these serviceswill need
to compare them with conventional delivery models and
evaluation approaches. Thus, developers and evaluators will
need to ensure that they produce evidence that allows this
comparison to be made.
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With respect to ethical, regulatory, and policy issues, standards
for DBClsare still emerging, and people devel oping and testing
them will have to pick a cautious path through rules not often
designed with this new category of interventionsin mind. They
will need to ensure that new, agile approachesto testing DBCls
demonstrate that they meet the exacting expectations of the
clinical and biomedical community. Possibilities to develop
common standards for intra-operability between interventions,
with electronic health records and health care delivery systems,
and in common behavioral datarepositories should be explored.

The advice provided here is specific to DBCIs, but it should
also build on the good practice of reporting general mHealth
interventions published el sewhere to ensure adequate description
of the technical components of the intervention [44,45].

Conclusions

DBCIs present unique methodologica challenges. New
techniques and approaches are becoming available that offer
opportunitiesto accelerate both the development and eval uation
of theseinterventions, taking advantage of the speed and volume
of data they generate, their potential adaptability, reach, and
cost. These new methods have implications for changes within
other fields of health care.
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Abstract

Background: Web-based interventions for individuals with depressive disorders have been arecent focus of research and may
be an effective adjunct to face-to-face psychotherapy or pharmacological treatment.

Objective: The aim of our study was to examine the early change patterns in Web-based interventions to identify differential
effects.

Methods: We applied piecewise growth mixture modeling (PGMM) to identify different latent classes of early change in
individual s with mild-to-moderate depression (n=409) who underwent a CBT-based web intervention for depression.

Results:. Overal, three latent classes were identified (N=409): Two early response classes (n=158, n=185) and one early
deterioration class (n=66). Latent classes differed in terms of outcome (P<.001) and adherence (P=.03) in regard to the number
of modules (number of moduleswith aduration of at least 10 minutes) and the number of assessments (P<.001), but not in regard
to the overall amount of time using the system. Class membership significantly improved outcome prediction by 24.8% over
patient intake characteristics (P<.001) and significantly added to the prediction of adherence (P=.04).

Conclusions; These findings suggest that in Web-based interventions outcome and adherence can be predicted by patterns of
early change, which can inform treatment decisions and potentially help optimize the allocation of scarce clinical resources.

(J Med Internet Res 2017;19(6):€206) doi:10.2196/jmir.7367
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Introduction

Web-based interventions for individuals with depressive
disorders have been a recent focus of research and may be an
effective addition to faceto-face psychotherapy or
pharmacological treatment. For example, such interventions
may be appropriate for individual swho have difficulty accessing
psychological treatment or do not want to utilize face-to-face
treatment [1-5]. Severa studies suggest that some forms of
Web-based interventions may be as effective as face-to-face
therapy [6], although various methodol ogical limitations of this
body of research have also been noted [7]. One limitation of
Web interventions is that they are not accepted by al patients
and some drop out early or do not adhere to the treatment
protocol [8]. Especially in unguided Web interventions, the risk
of dropout is high [9,10] and results of studies on prereatment
predictors of outcomein Web interventions remain inconsi stent
[11]. Additionally, not all Web interventions are equal with
regard to their quality or evidence base [12]. So far,
investigations of Web interventions have mainly focused on
treatment efficacy and short-term symptom change in
comparison with treatment-as-usual control groups, in which
participants were only able to access the Web intervention after
adelay of severa weeks or months [13,14].

Whereas a good database has been established regarding the
general effectiveness of several Web-based interventions for
the treatment of psychological problems, thereis till alack of
research investigating the process and shape of change[15]. On
the other hand, this area of research has a certain tradition in
individual therapy. In recent years, interest in the investigation
of early change patterns and their relation to outcome has grown.
The basic ideabehind thisresearch isto use early change of the
target behavior (eg, depressive symptoms) to predict treatment
outcome[16,17]. Early change patterns have been shown to be
associated with outcome across different diagnoses [18,19],
different treatment approaches [20,21], and different measures
[22].

For example, arecent study investigated early change patterns
in patients with panic disorder (n=326), who underwent
manualized cognitive behavioral therapy (CBT) [23]. Using
growth mixture modeling (GMM), 4 latent subgroups were
identified, showing clusters of change trajectories over thefirst
5 sessions. One of the subgroups consisted of patients whose
symptoms decreased rapidly and who also showed the best
outcomes (early responders). Thisinformation on early response
improved treatment prediction by 16.1% over patient intake
characteristics. Early change patterns also significantly predicted
early dropout. Likewise, afurther study focused on early change
patterns during low intensity interventions[24]. This study used
data from patients with anxiety disorders or depression, who
accessed the Improving Access to Psychological Therapies
(IAPT) service in the United Kingdom (n=511). This service
comprised between 1 and 8 sessions and was often delivered
viatelephone. Early response, defined as reliable improvement
until session 4, was predictive of clinically significant recovery
after treatment termination. It was noted that attrition was
highest in early sessions, so that early attempts to engage
patients should be made.

http://www.jmir.org/2017/6/e206/
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This example emphasizestheimportance of also studying early
change patternsin low intensity and Web interventions. Whereas
conclusions drawn from efficacy and effectiveness studies are
limited to the average patient after treatment, knowledge about
early change patterns may help to answer clinical questions.
For example, such knowledge could be used to predict whether
the treatment in question will work for a particul ar subgroup or
to decide whether users should continue treatment [25,26]. Such
guestions have become increasingly relevant in the face of the
recent implementation of stepped-care models, where patients
are matched to atreatment with the option of being “ stepped-up”
to more intensive care [27,28]. Knowledge about predictive
determinants may add to the devel opment of empirically based
rulesthat support cliniciansin their decisions[28] and may help
to prevent dropout or low adherence. In addition, investigating
change patterns promotes the understanding of change processes,
which is necessary for treatment devel opment efforts [15].

Although early change patterns are important predictors of
treatment outcome [23,29], to date only one study has looked
at early change patterns in patients undergoing Web-based
interventions. Schibbye and colleagues [30] examined change
patterns during a CB T-oriented Web-based intervention, which
was provided to patients with panic disorder, socia phaobia, or
depression (n=112) by the Internet Psychiatry Clinicin Sweden.
Outcome of the Web intervention was predicted by estimation
of early change. The prediction was best when the rating of a
disorder-specific measure at week 4 was used.

In the present study, we analyzed data from a multicenter trial
testing the efficacy of a CBT-oriented web-based intervention
for individuals with mild to moderate depression. Based on the
existing literature on individual therapy, we predicted the
existence of distinct early patient response clusters in this Web
intervention. We further hypothesized that these clusterswould
add to the prediction of treatment outcome aswell as adherence.
This study also examined whether initial impairment, attitudes
toward Web-based interventions, and email support predict
early change patterns.

Methods

Participants and Treatment

This study was conducted from January 2012 to December 2013
and approved by the local ethics committee (DGPs, reference
number SM 04_2012). Written informed consent was obtained,
and the study was registered at Clinical Trials.gov (identifier:
NCT01636752). Several settings were used to recruit
participants: (1) In- and outpatient medical and psychological
clinics, (2) internet forums for depression, (3) health insurance
companies, and (4) the media (eg, newspaper). Participantswere
directed to the study’swebsite. In total, 2020 participants signed
up for the study and were screened for inclusion and exclusion
criteria. Inclusion criteria consisted of (besides Internet access)
mild-to-moderate depressive symptoms defined by scores
between 5 and 14 on the Patient Health Questionnaire-9 (PHQ-9)
and ages between 18 and 65 years. Participants who fulfilled
these criteriawerefurther screened by telephone using the Mini
International Neuropsychiatric Interview (M.I.N.I. [31]). Also,
a baseline assessment was conducted using several self-report
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measures (see below). If PHQ-9 scores were above 14, acute
suicidality was determined or a lifetime diagnosis of bipolar
disorder or schizophrenia was identified in the interview [32],
participants were excluded from the study, and professional
help was suggested to them. Included participants (n=1013)
were then randomized into either an intervention group (1G),
in which a CBT-oriented Web-based intervention (Deprexis)
was delivered in addition to care as usua (1G; n=509), or into
a control group (CG), which solely consisted of care as usual
(CG; n=504). During the study, participantsin the care as usual
group did not receive any Web intervention. The use of other
interventions initiated by the participants in the care as usual
group was measured during the course of the study. At
posttreatment, participants reported having utilized the following
treatments during the course of the study: medication, treatment
by a psychotherapist, treatment at an outpatient clinic, and
treatment at an inpatient clinic. There were no significant
differences between participantsin the | G and the CG regarding
the use of medication (P=.54), treatment by a psychotherapist
(P=.38), treatment at outpatient clinics (P=.68), and treatment
at inpatient clinics (P=.29).

Asincentive, all participants were entered into alottery for 12
iPods after the last assessment. Furthermore, participantsin the
CG received accessto the Web intervention 1 year after baseline
assessments.

In addition to the pre- and post-treatment PHQ-9 assessments,
which all participantsfilled out, participantsin the |G filled out
PHQ-9 assessments every 2 weeks during the course of the
study. Furthermore, participants in the IG who had mild
symptoms of depression (PHQ-9 scores between 5-9), received
the Web-based intervention without any guidance, whereas
participants who had moderate depressive symptoms (PHQ
scores between 10-14) received the same Web intervention in
combination with weekly email support [33,34]. Studies have
shown that unguided Web interventions are also effective in
the treatment of depression (eg, [35]). However, considering
safety and efficacy, more intensive support seemed appropriate
for patients with moderate depression.

After randomization into the G, participants had to register on
the study’s website and were then able to use the Web-based
intervention (Deprexis) for aperiod of 12 weeks. It isbased on
a cognitive-behavioral approach and consists of 10 modules
that are presented in the form of a dialogue or “chat.” The
modules contain classic CBT elements such as behaviora
activation, but also broader therapeutic elements such as
mindful ness, emotion-focused interventions, and interpersonal
skills. Information as well as advice on the application of the
relevant concepts in daily life were combined in the modules,
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which included text, illustration, and audio. This content was
presented in dialogue form, where the user was asked to select
one of several response options to the program’s explanations.
In total, several published randomized controlled trials have
provided evidencein support of the program’s efficacy, typically
with small-to-medium effect sizes [35,32,3].

In this study, our main interest was to examine the change
patterns of participantswho received theintervention. Therefore,
we focused on participants for whom not only pre- and
post-assessments were available, but also several PHQ-9
assessments from during participation. This condition was
fulfilled by participantsin the IG (PHQ-9 every 2 weeks), but
not by participantsin the CG (pre and post PHQ-9 assessments
only). In total, 483 of the 509 participants randomized into the
| G registered on the study’swebsite. A total of 409 participants
filled out at least one PHQ-9 during the first 4 weeks of the
intervention (assessment at week 2 or assessment at week 4,
see flowchart in Figure 1) and were therefore included in our
study sample. Participants without any assessment during the
intervention were excluded, as no meaningful course of change
could be model ed for those cases. Participants (n=409) included
in the study, and participants who did not register (n=26) or did
not complete any assessment during theintervention (n=74) did
not differ with regard to age (F,s0=1.18, P=.31), gender
(X?%=2.2P=.34), or initial impairment (PHQ-9 at screening,
F,506=1.47, P=.23).

On average, 2 weeks passed between screening and registration
(standard deviation, SD=1.36). The first assessment took place
2 weeks after registration. Most participants were recruited by
online forums (n=82), health insurance companies (n=134), or
learned of the study by other means, commonly by news in
media (n=236). Other participants |earned of the study whilein
treatment (n=57). Attrition (n=100) did not differ between the
recruiting options described previously (x?,,=18.0, P=.12).

On average, participants were 43.16 years old (SD=11.10,
range=18-65) and approximately 70% of participants (287/409)
were women. Close to 50% of participants had a high-school
diploma qualifying for university entrance (204/409). Most
participants (n=264) suffered from moderate depression and
therefore received the Web intervention as well as additional
weekly brief support via email. In this study, early response
was estimated based on PHQ-9 score changes between
Web-based registration and week 4 of the intervention. In
addition to the PHQ-9, other impairment measures and
participant attitudes were assessed at screening and
posttreatment (see questionnaires below).

JMed Internet Res 2017 | vol. 19 | iss. 6 €206 | p.42
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. Flowchart of participants.
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Assessed for eligibility (N=2020)
PHO-9 at screening

Inclusion criteria not met: n=1007

PHO-9 <5: n=54

PHO-9 =14: n=748

Mo informed consent: n=91

=65 years:n=9

Mot available fordiagnostic interview: n=98

Randomized (n=1013)

Otherreasons:n=7

Allocated to intervention (n=509)
Mo registration (n=26)

Registration (n=483)
PHQ-9 at registration

v

PHQ-9 at week 2 and week 4 ofthe intervention
No PHQ-9 until week 4 of the intervention (n=74)

Analysed (n=409)

M easures

Diagnostic I nterview

Diagnoseswere made usingtheM.I.N.I.[31], and clinician-rated
severity of depression was assessed with the 24-item version
of the Hamilton Depression Rating Scale (HDRS-24). The
M.I.N.1. isashort structured diagnostic interview for Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition
(DSM-1V) and International Classification of Diseases, Tenth
Edition (ICD-10) disordersthat has been trand ated into multiple
languages. In several studies, it has shown good interrater
reliability (eg, [36]). Acute suicidality was assessed based on
current suicidal ideation and past suicide attempts. In this study,
trained raters (postgraduate students) conducted the interviews
via telephone. Before they were permitted to rate tria
participants, raters were trained to conduct the interview either
face-to-face or via telephone modules and had to demonstrate
adequate interrater reliability on an audiotaped interview.

Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 consists of 9 items that reflect the criteria of
depressionin DSM-1V [37]. Answersare provided on a4-point
Likert scale (0-“not at al” and 3-“nearly every day”). Thus,

http://www.jmir.org/2017/6/e206/

Allocated to CAU (n=504)
Mo PHQR-9 during waiting period

total scores range from 0-27, with scores between 5 and 9
indicating mild depression and scores between 10 and 14
indicating moderate depression. The instrument has a good
test-retest reliability (r,;=.84) and internal consistency (Cronbach
alpha=.86-.89; [37]). To operationalize reliable improvement,
the reliable change index (RCI), which reflects the pre- post
treatment difference ARC large enough to not be attributable
to measurement error, was calculated following Jacobson and
Truax (see[38]): wherer isthereliability of the PHQ-9 (r=.86)
and SD the standard deviation of the PHQ-9 intake score
(SD=2.37). The RCI scorefor the PHQ-9 was 2.46 total points.

Short-Form Health Survey-12 (SF-12)

The SF-12 assesses|limitationsin role functioning with 12 items.
It consists of two subscales measuring physical health
(SF-12p1ysical Health scale) @Nd mental health (SF-12yental Health scale)
[39]. Presence and severity of different impairments over the
last 4 weeks are rated. Subscal e scores can vary between 0-100,
with higher scores indicating less impairment. Reliability is
good with a Cronbach apha of .76 [40] and test-retest
correlations of r=.76 for the physical component and r,=.89
for the mental component [39].
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Questionnaire for the Evaluation of Psychotherapeutic
Progress-2 (FEP-2)

The FEP-2 comprises 40 items and measures 4 dimensions of
therapeutic progress and outcome (well-being, symptom distress,
incongruence, and interpersonal problems) [41]. Answers are
provided on a 5-point Likert scale (1-“never” and 5-“very
often”) with higher scores indicating higher impairment.
Reliability is high for the global scale (Cronbach alpha=.96;
Retest between r,=.69-.77) and sensitivity to change has been
demonstrated [41].

Attitudes Toward Psychological Online I nterventions
(APQI) Questionnaire

The attitudestoward psychological online interventions (APOI)
[42] measures attitudes toward online-based interventions with
16 items. Thefollowing subscal es are assessed: (1) Confidence
in Effectiveness, (2) Skepticism and Perception of Risks, (3)
Technologization Threat, and (4) Anonymity Benefits. Answers
are provided on a 5-point Likert scale (1-“1 disagree entirely”
and 5-“1 agree entirely”) and subscal e scores range from 4-20.
Higher values on the APOQI total scoreindicate amore positive
attitude toward psychological online interventions (POI).
Reliability is good with a Cronbach apha of .77.

Adherence

Adherenceto theintervention was defined asthe extent to which
participants used the intervention. A number of modules were
calculated by summing up al modules that were accessed for
at least ten minutes. Usage time was defined as the number of
hours participants spent using the Web intervention. At
screening, at registration, every 2 weeks during the 12-week
Web intervention period, and after theintervention, participants
were asked to fill out the PHQ-9. The number of completed
PHQ-9 assessments after week 4 of the intervention was used
as an additional indicator of adherence.

Data Analytic Strategy

Patterns of early change in depressive symptoms, measured by
the PHQ-9 over thefirst 4 weeks of the Web intervention, were
identified using piecewise growth mixture modeling (PGMM)
[43]. GMMsare considered aconservative method of identifying
early change patterns in comparison with rational definitions
such as reliable or clinical significant change [44]. Individual
variance of intercepts (intake scores) and slopes (change) are
captured in terms of a latent class variable that is added to the
growth model [43], which allows the identification of
subpopulations of participants with similar growth curves. In
contrast to conventional growth models, which assume that
there is only one underlying population with a single change
pattern, GMMs alow the investigation of an a priori unknown
number of latent subpopulations, which can differ with regard
to intercepts and slopes (in the case of alinear model) as well
as class specific variations around these parameters. In GMM,
cases with amissing value in the PHQ-9 over the first 4 weeks
were not excluded, but rather al available data was used to
estimate growth curves within clusters.

Inthisstudy, we applied aPGMM, modeling the change pattern
as 2 digtinct phases (phase 1. time between screening and
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registration; phase 2: time between registration and assessment
at week 4 of theintervention). Therefore, we used amodel with
3latent growth factors: anintercept indicating initial impairment
and 2 slopes (one for each phase of change). To model change
before theintervention (phase 1), thefirst slopeloadings, which
represent change in phase 1, were fixed to 0 at screening and
to 1 at registration and later assessments. To model change
during thefirst 4 weeks of the intervention (phase 2), the second
slope loadings, which represent change in phase 2, were fixed
to O at screening and registration and for the following 2
assessments, the log-linear transformation (base 10) of 2 and 3
were used respectively. According to the Bayesian information
criterion (BIC; [45]), the log-linear transformation of factor
loadings for the second slope improved the model fit compared
with the linear transformation and was therefore used in
subsequent analyses (linear: 6826.98, log-linear: 6820.20).

In order to model early response while taking potential
spontaneous remission into account, we implemented one
categorical latent classfactor based on the 3 growth parameters
(intercept, first slope, and second slope). Severd fit criteriahad
been discussed to determine the optimal number of latent
trajectory classes. In this study, we applied the BIC and the
bootstrapped likelihood ratio test (BLRT) as proposed by
Nylund et al [46] to determine the optimal number of latent
trajectory classes. Thus, the model determination process was
2-fold. To identify the model with the lowest BIC value, the
estimation procedure started with a 1-class solution and then
one more class was added in each subsequent run. As mixture
models are sensitive to class overextraction, in the second step
an additional criterion (BLRT) was used to balance against this
potential bias. Once the BIC value no longer decreased from a
model with k classes to amodel with k+1 classes, this solution
was then tested against a solution with k-1 classes using the
BLRT. If the BLRT revealed asignificant P value (P<.05), the
model was chosen as the best solution. If, however, the BLRT
was not significant, the model was rejected and the solution
with one class less (k—1) was tested against a model with two
classesless (k-2). Thisprocedure was repeated until the BLRT
resulted in asignificant P value.

In the final analysis, we fixed the variances around the
class-specific slopes to zero in both phases, whereas intercept
variances were freely estimated but constrained to be constant
between classes. Therefore, heterogeneity in change had to be
captured by the difference in mean slopes of different latent
classes completely. Thus, in line with our main interest, we
forced the estimation procedure to be more sensitive to patterns
of change over time rather than to differences of initial levels
of impairment. Thisapproach can be seen asahybrid of models
inwhich all parameters variances arefixed to zero (latent class
grownth models) and in which the free estimation of all
parametersisallowed (for similar approaches, also see[22,47]).

Asthe purpose of this study wasto evaluate the impact of early
change on overall treatment response, we examined the effect
of early change patterns on change from pre- to post-treatment
in terms of effect sizes as well as reliable change. To evaluate
change on the PHQ-9, within-group effect sizeswere calculated
by subtracting the PHQ-9 score at post from PHQ-9 at screening
and dividing the result by the SD of the PHQ-9 score at
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screening. Asdescribed previoudly, reliable change criteriawere
applied to the change scores to classify patients into 3 groups:
reliably improved (preto post improvement larger than the RCI
of the PHQ-9, which equals 2.46 total points), reliably
deteriorated (pre to post deterioration larger than the RCI), and
not reliably changed (pre to post change remained under the
RCI).

Subsequently, the identified latent change patterns were used
to predict outcome and adherence, while controlling for initial
impairment (PHQ-9 at screening, HRSD-24 at screening),
patient characteristics (FEP-2, SF-12pnqca Hedth Status @Nd
SF-12\entd Hedth saws): and  attitudes toward the online
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intervention (APOl,y) in stepwiseregression analysis. Finally,
we examined whether initial impairment, patient characteristics,
and attitudes toward the online intervention predicted early
change patterns using analysis of variances (ANOVAS) and
multinomial regression analysis.

Results

Patterns of Early Change

Following the 2-old model determination process, the 3-class
solution showed the best model fit, as suggested by the BIC and
BLRT (see Table 1). As aresult, the 3-class solution was used
for further analyses.

Table 1. Information criteria, entropy, and P valuesin a bootstrapped likelihood ratio test for up to 4 latent classesin a 2-piece model.

# Classes BIC? SABICP AIC® Entropy BLRTIP value
1 6855.68 6830.30 6823.57

2 6782.91 6744.84 6734.75 0.74 <.001

3 6773.41 6722.64 6709.19 0.65 <.001

4 6777.33 6713.87 6697.06 0.66 <.001

3BIC: Bayesian information criterion.
bSABIC: sample size adjusted BIC.
CAIC: Akaike information criterion.
dBLRT: bootstrapped likelihood ratio test.

Graphical inspection revealed 2 early response groups and 1
early deterioration group. As shown in Figure 2, patients in
classes 1 and 3 were characterized by higher PHQ-9 scores at
screening that were above the cut-off score of 9 for clinical
samples (C1: mean=12.08, C3: mean=11.27). Class 2 started
treatment with lower (mild) depressive symptom severity (C2:
mean=8.44).

The first subgroup labeled “early response after registration”
(C1.: 38.6%, 158/409) showed rapid early decreasein depressive
symptom severity after registration. The early change effect
size (between screening and week 4) in this group was d=1.35,
reflecting rapid improvement. In the second subgroup which
was labeled “early response after screening” (C2: 45.2%,
158/409), depressive symptoms decreased significantly not only
during phase 2, but already during phase 1. The early response
effect sizewithin thislatent classwaslarge (d=0.98). In contrast
to these 2 groups, a third subgroup of participants (C3: 16%,
66/409) showed a significant increase of depressive symptoms
from screening to registration and from registration to
assessment at week 4. This was the only class with a negative
early change effect size (d=—1.78) and was therefore labeled
“early deterioration.”

As some participants received additional treatment during the
Web intervention and some were provided with email support,

http://www.jmir.org/2017/6/e206/

we compared these variables between classes to control for
differential influences. The number of patients who were in
therapy at the beginning of the Web intervention did not differ
across classes (x2,=4.4, P=.11), and there was no difference
between classes in regard to reported change in additional
treatment status at the end of the Web intervention (x?,=10.6,
P=.39). Also, at the beginning of treatment, there was no
difference between classes with regard to the number of patients
receiving medication (x2,=1.4, P=.50). At the end of treatment,
classesdid not differ with regard to number of patientsreporting
change in medication (x2,=0.9, P=.64) or use of medication
(X22= 4.1, P=.13). Also there was no difference regarding use
of psychotherapy (x2,=0.2, P=.92). Only 9 patients reported
being treated in outpatient clinics, and only 5 reported being
treated in inpatient clinics, so no meaningful difference between
classes could be established.

Furthermore, the number of patients receiving email support
during the Web intervention differed significantly between
classes (P<.001). Whereas almost all participantsin C1 (96.2%,
152/158) and C3 (83%, 55/66) received email support, only
31% (57/185) of participants in C2 exceeded the cut-off of 10
on the PHQ-9 at screening and thus received email support.
Therefore, email support was included as a predictor variable
in the following analyses.
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Figure 2. Mean latent growth curves for piecewise growth mixture modeling (PGMM) solution with 3 latent classes within the first 4 weeks and
observed mean scores (Patient Health Questionnaire-9, PHQ-9) in the respective classes after the Web intervention.
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=—+—C1: Early response after registration (38.6%, 158/409)

—&—C2: Early response after screening (45. 2%, 185,/409)

C3: Early deterioration (16.1%, 66,/403)

Patterns of Early Change and Treatment Outcome

Table 2 shows the relative frequency of reliable improvement
and pre-post effect sizes on the PHQ-9 depending on class
membership. The relationship between reliable improvement
of depressive symptoms and class membership was analyzed
with a chi-sguare test, which revealed a significant association
(X239 =74.8, P<.001).

As can be seen in Table 2, 62% (99/158) of participantsin C1
(early response after registration) showed reliable change
(standardized residual=1.5) and, on average, participantsinthis
group showed the largest pre-post effect size (d=1.63). Only
3% (5/158) showed a reliable negative development at the end
of treatment.

In C2 (early response after screening) the rate of reliable
improvement (56%, 104/185) and the pre-post effect size
(d=1.25) were dightly lower than in C1. The rate of reliable
deterioration was 7% (12/185) for this class.

http://www.jmir.org/2017/6/e206/
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In C3 (early deterioration) only 27% (18/66; standardized
residual=—3.00) of participants showed reliable improvement,
yet in 39% of cases (26/66; standardized residual=7.2),
participantsin this class showed reliable deterioration. Thiswas
also theonly classwith anegative pre-post effect size (d=-0.47).
All 3 classes had similar rates of lacking reliable change (C1:
34.2%, 54/158; C2: 37.2%, 69/185; C3: 33%, 22/66).

To identify potential relevant predictors beyond impairment at
screening (PHQ-9, HRSD-24), we first correlated patient
characteristics (FEP-2, SF-12pygica Health status A SF-12y et
Health statue) @Nd attitudes toward online interventions (APOl )
with PHQ-9 postscores. Only initia attitudes toward online
interventions (r=-.12, P=.01) were significantly correlated with
outcome.

Subsequently, the estimation of the additional predictive power
of early change patterns beyond variables at screening was
conducted via a stepwise regression anaysis. Impairment at
screening (PHQ-9) was added into the model first, followed by
HRSD-24 and APOl 4. The dummy coded class membership
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variables were added to the model in the last stage of the
analysis (see Table 3). The inclusion of the PHQ-9 score at
screening explained 7.6% of the variance of PHQ-9 at post
(P<.001). Participants with higher scores at the beginning of
treatment tended to end with higher scores after treatment.
HRSD-24 was also included and significantly increased the
amount of explained variance by 3.4% (P<.001). Similarly,
participants with higher impairment scores tended to end with

Lutzetd

higher scores. The addition of APOl, significantly increased
the amount of explained variance by a further 1.5% (P=.008)
resulting in atotal of 12.5% of explained variance. A higher
score at intake, indicating a more positive attitude toward the
intervention, was significantly associated with lower PHQ-9
scores after treatment (see Table 3). Email support was not
significant and therefore excluded in the next step (t49,=—0.05,
P=.96).

Table 2. Relative frequencies of reliable improvement of the Patient Health Questionnaire-9 (PHQ-9), pre-post change on the PHQ-9 (effect sizes) and

adherence by patient group of early change.

Sample Outcome Adherence
n Religbleimprove-  pra post ESP on Usagetime (in Number of modules  Number of assess-
ment PHQ-9 hours) of theWebinterven-  yeni<d
on PHQ-9% (d) (95% Cl) mean (SDY) tion mean (SD)
mean (SD)

n (%)
All patients 409 221 (54) 1.12(0.94-1.30)  7.89(4.81) 9.10 (4.38) 2.52 (1.25)
Class 1° 158 99 (62) 1.63(1.39-1.86)  8.36 (4.08) 9.84 (3.90) 2.80 (1.16)
Class 2f 185 104 (56) 1.25(1.04-1.47)  7.32(4.69) 8.64 (4.52) 2.37 (1.25)
Class 39 66 18 (27) -0.47 (-1.05to 8.33(6.39) 8.65 (4.85) 2.27 (1.36)

0.12)

P vaue <.001" <.001' 10 03 <.001'

3PHQ-9: Patient Health Questionnaire-9.

PES; effect size.

CsD: standard deviation.

dNumber of assessments: Number of PHQ-9s after week 4.
€Class 1: Early response after registration.

fClass 2: Early response after screening.

9Class 3: Early deterioration.

hx2 tests were performed, testing the association between class membership and categorized treatment outcome.

i1-Waty analysis of variances (ANOVASs) were performed, testing the association between class membership and mean d for pre-post change, usage
time, number of modules of the Web intervention, and number of assessments.

Adding the dummy coded variables for class membership
resulted in a further increase of 21.5% explained variance of
treatment outcome (P <.001). Thus, in total, 34% of variability
of PHQ-9 change during the course of treatment was ableto be
explained by the model that contained initial PHQ-9, HRSD-24,
and APOl,, scores, aswell as early change patterns (see Table

3).

Patterns of Early Change and Adherence

Adherence assessed via the number of modules and number of
assessments (number of completed PHQ-9s) was significantly
associated with class membership (see Table 2). A 1-way
ANOVA reveal ed significant associ ations between mean number
of modules of the Web intervention and class membership
(F2406=3.65, P=.03). A post hoc test using Bonferroni correction
showed that participantsin C1 had accessed significantly more
modules of the Web intervention than participants in C2
(d=0.28; pooled SDs between clusters were used to calculate
between group effect-sizes). Concerning the number of
assessments (F3 405=6.91, P=.001), similar results were found

using Bonferroni corrected P values: Participants in C1 filled

http://www.jmir.org/2017/6/e206/

out more assessments than participantsin C2 (d=0.36) and C3
(d=0.44). There was no significant difference between the
subgroups regarding usage time (F; 405=2.32, P=.10).

For adherence measured by the number of modules of the Web
intervention used and the number of assessments compl eted,
the predictive power of early change patterns was examined
using stepwiseregression analysis (see Table 3). Inthefirst step
of theanalysis, impairment at screening (PHQ-9) wasincluded
in the equation. It was significantly associated with number of
assessments (Fj 40=15.21, P<.001) and explained 3.6% of
variance. HRSD-24 at screening was excluded (t,5;=—0.44,
P=.66) and neither attitudes toward Web interventions
(t407=—0.03, P=.98) nor email support (t4,0;=0.83, P=.41)
enhanced predictability. In the second step, class membership
was entered in the model. The addition of class membership
explained an additiona 1.5% of variance of number of
assessments (P=.04). Thus, a total of 5.1% of variability of
number of assessments was able to be explained by the final
model, which included PHQ-9 at screening and class
membership.
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Table3. Stepwise multiple regression anayses predicting outcome and adherence by patient characteristics, email-support, and patterns of early change.

Steps Predictors® Outcome Adherence
PHQ-9° at post No. of assessment<® No. of modulesin intervention
AR? Beta P AR? Beta P AR2  Bea P
Step 1 0.125 .008 0.036 <.001 0.024 .002
PHQ-9 216 <.001 .190 <.001 .155 .002
HRSD-24¢ 199 <.001 -0043 41 051 33
APOI® -0.124  .008 .005 92 082 10
SUPPOrtEmail -0.004 96 .066 45 .002 .98
Step 2 0.215 0.015 .04 0.006 31
PHQ-9 -0.040 .50 192 .007 .146 .04
HRSD-24 045 32 -0.024 .66 .068 .22
APOI -0.129 .002 .001 .98 .080 A1
SUPPOrtEmail -0.068 36 073 41 .003 97
c2'-dummy -0.346  <.001 -0030 .69 -0.033 66
caf-dummy 342 <.001 -0132 .01 -0.082 13
Total R 34 05 03
N 409 409 409

Predictors included Patient Health Questionnaire-9 (PHQ-9) at screening, 24-item Hamilton Rating Scale for Depression (HRSD-24) at screening,
attitudes toward Web-based intervention, email support, and early change patterns.

PPHQ-9: Patient Health Questionnaire-9.

®No. of assessments = No. of PHQ-9 assessments after week 4.
9HRSD-24: 24-item Hamilton Rati ng Scare for Depression.
EAPOI: attitudes toward psychological online interventions.

fc2 and c3 are dummy coded class membership variables with Class 1: early response after registration, used as reference class.

Prediction of Early Change Based on Patient Intake
Characteristics

Next, we investigated the relationships between class
membership, initill impairment, participants intake
characteristics and attitudes toward Web interventions via
separate ANOVAS (APOl s, SF-12pnysical Health scler SF-12venta
Health scaeand FEP-2). Using Bonferroni corrected P values,
baseline scores on the FEP-2, SF-12pgca Heath scaer @
SF-12)ental Health scale SHOWeEd significant relationshipswith class
membership.

With regard to the SF-12p ey Heath scaer C3 PArtiCipants showed
significantly lower values than C1 (d=0.40) and C2 (d=0.43)
participants, indicating a higher level of physical impairment
in C3 participants. On the SF-12;enta Health scaler C2 Participants
reached significantly higher values than C1 (d=0.76) and C3
(d=0.49) participants, indicating that participants in C2 were
less mentally impaired than participants in C1 and C3.
Impairment measured by the FEP-2 differed significantly
between C2 and C1 (d=0.42) as well as C2 between and C3

http://www.jmir.org/2017/6/e206/

(d=0.44), with C2 showing the lowest values, indicating the
lowest level of impairment.

When adding these significant variables and email support to
multinomial logistic regressions, depressive symptoms measured
by the PHQ-9 (x?,=75.4; P<.001) and HRSD-24 (x?,=34.8;
P<.001) as well as physical hedth (SF-12py5ca Hedth scde
X%,=6.6; P=.04) demonstrated specific predictive power for
class membership. Results of multinomial logistic regression
analyses with patient characteristics as predictors of class
membership are presented in Table 4.

PHQ-9 intake scores significantly discriminated between classes.
Higher scores were associated with a lower probability of
belonging to C3 or C2 compared with C1 and a higher
probability of belonging to C3 compared with C2. In addition,
HRSD-24 intake scores al so discriminated between classeswith
higher scores associated with a lower probability of belonging
to C2 compared with C1 and a higher probability of belonging
to C3 compared with C2. Higher SF-12p gcq Health scae INtake
scores, indicating lower impairment, were associated with a
lower probability of membership in C3 compared with C1.
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Table4. Prediction of class membership by patient intake characteristics viamultinomial logistic regression analyses. R?=51 (Cox &amp; Snell) and
0.588 (Nagelkerke). Model x28=284.3. For each comparison, the class mentioned first isused as the reference classin the multinomial logistic regression.

Variables 95% ClI for odds ratio
regression coefficient B P Lower Oddsratio Upper
(standard error)
Class 12 versus class 2°
Intercept 14.84 (2.96) <.001
PHQ-9¢ -1.31(0.19) <.001 0.18 0.27 0.39
HRSD-249 -0.12 (0.03) <.001 0.84 0.89 0.94
FEP.2° 0.19 (0.67) 78 0.32 1.20 4.46
SF'lszhys'c A Health -0.01 (0.02) .73 0.95 0.99 1.03
SF-12\tental Health 0.02 (0.03) 44 0.97 1.02 1.08
Email support 0.07 (0.65) 91 0.30 1.08 3.83
Class 1 versus class 39
Intercept 3.65(2.72) .18
PHQ-9 -0.26 (0.13) .04 0.60 0.77 0.98
HRSD-24 0.04 (0.02) .08 0.99 1.04 1.09
FEP-2 0.37 (0.60) 54 0.45 1.45 4.68
SF-12physical Hedlth -0.05 (0.02) 01 0.92 0.96 0.99
SF-12\1ental Health 0.01 (0.03) .70 0.96 101 1.06
Email support -0.77 (0.68) .26 0.12 0.47 175
Class 2 versus class 3
Intercept -11.19(3.12) <.001
PHQ-9 1.05 (0.20) <.001 2.55 2.87 4.21
HRSD-24 0.16 (0.03) <.001 1.07 1.18 1.25
FEP-2 0.19 (0.73) .80 0.29 121 5.07
SF-12physical Hedlth -0.04 (0.02) .07 0.92 0.96 1.00
SF-12\ental Health -0.01 (0.03) .70 0.93 0.99 1.05
Email support -0.84 (0.65) 20 0.12 0.43 1.56

8Class 1= early response after registration.

BClass 2= early response after screening.

®PHQ-9: Patient Health Questionnaire.

9HRSD-24 = 24-item Hamilton Rati ng Scale for Depression.

®FEP-2: Questionnaire for the Evaluation of Psychotherapeutic Progress-2.

fSF-12: 12-item short form health survey.
9Class 3: early deterioration.

Discussion

Principal Findings

This study examined patterns of early change during thefirst 4
weeks of a 12-week CBT-oriented Web-based intervention for
depression by applying a PGMM analysis. We were able to
identify 3 early change patterns: The first was characterized by
early improvement after screening, the second by early
improvement after registration, and the third by early

http://www.jmir.org/2017/6/e206/
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deterioration. Furthermore, latent classes differed with regard
to outcome and adherence measured by the number of
assessments (number of completed PHQ-9s) and number of
modules used (for a duration of at least ten minutes), but not
with regard to the overall amount of time spent using the system.
Class membership improved outcome prediction by 21.5% over
impairment at intake (PHQ-9 at screening, HRSD-24) and
attitudestoward onlineinterventions (APOI). In addition, initial
impairment on the PHQ-9 and class membership significantly
predicted the number of assessments. Furthermore, group
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membership of patients was significantly predicted by initial
impairment on the PHQ-9 and HRSD-24 as well as by
impairment on the SF-12 scale physical health.

The early response and deterioration patterns identified in this
study of aCBT-oriented Web-based intervention have also been
found in studies of individual face-to-face therapy [23]. In this
study, amore differentiated investigation of early response was
made possible by including the phase from screening to
registration in the analysis. The identification of a subgroup
that improved before treatment started may be indicative of a
regression to the mean or “spontaneous remission” effect for
some patients. Yet spontaneous remission may only explain
part of the effect in this group. The decision to start treatment
and the knowledge of being screened and accepted for the Web
intervention may have aready created a positive effect by
inducing hope and positive treatment expectations, therefore
leading to continuous positive changesin outcome, reaching to
the end of treatment. I nterestingly, participantsin this class had
significantly lessemail support than the other 2 classes. Clearly,
more studies, which consider the pretreatment phasein the study
of early change patterns, are necessary.

In contrast, early response after registration may correspond to
a response pattern, which has recently been described as the
pliant response pattern [48]. For this patient group, the impact
of the specific treatment is essential: response to treatment is
excellent, if the treatment provided is excellent and poor and if
the treatment provided is poor. In line with the results of
previous studies[24,23], participants with early positive change
werelikely to beimproved (reliably) at the end of the treatment
and, on average, showed a higher mean effect size than other
participants.

In our study, therate of participants showing early deterioration
(16.1%, 66/409) was somewhat higher than in other studies
(4.6%, [23]; 2.4%, [43]), yet more studies are required before
conclusions regarding the risk of deterioration during Web
interventions can be drawn. Participants who deteriorate early
may be facing crisis and be in need of more immediate help
than can be provided by an Web intervention. They may
especially benefit from treatment selection and the combination
of face-to-face and Web interventions [49]. In any case, email
support was not lower in this group than in the early response
after registration group.

One possible explanation of the mixed findings regarding the
frequency of early negative response patterns could be the
varying settings, with different early response rates in
face-to-face, medication, and Web interventions. However,
further studies must also investigate the influence of varying
(outcome?) instruments and definitions of early responsewithin
this area of investigation [23].

Although email support did not predict outcome, initial PHQ-9
and HRSD-24 scores as well as attitudes toward Web
interventions remained significant predictors of outcome after
controlling for class membership. Thefinding of an association
between attitudes toward Web interventions and outcome fits
well with findings concerning the contribution of treatment
expectation to treatment outcome [50]. In Web interventions,
one of the first aims should therefore be to promote positive
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attitudes and motivation with regard to the intervention, making
improvement more likely, while preventing dropout.

With regard to adherence, it could be shown that participants
with early symptom deterioration completed fewer modul es of
the intervention and fewer assessments than the early response
after registration group. However, class membership predicted
number of assessments only. Participants who experience
improvement may feel moreinclined totrack their progressand
to make maximum use of thelimited time available (12 weeks),
whereas participants who show less early improvement may be
discouraged from using theintervention moreintensively. While
early response is often associated with shorter treatment length
[51], it has also already been reported that in time-limited
treatment protocols, early response participantstend to complete
the protocol and are less likely to drop out of treatment [23].

Somewhat surprisingly, there was no difference between early
response groups with regard to usage time. A possible
explanation could be that the Web intervention was tailored to
patients, resulting in individual patients taking different paths
within the Web intervention. These paths varied in length,
presenting participantswith critical problemswith more content
and longer paths, which took more time.

Physical health was associated with a higher probability of
belonging to the early response after registration group
compared with the early deterioration group, indicating that
physica hedth may be an important factor not only in
face-to-face treatment but also in Web interventions. In addition,
Web interventions may be needed, which take poor physical
health into account, for example, by providing psychoeducation
and/or special coping strategies for patients with symptoms of
pain. This could increase adherence by addressing a possibly
important concern of some participantswho may otherwisefeel
like the intervention is not adequately targeting their problems
[52]. Furthermore, poor physical health may decrease motivation
and increase negative expectations such as “nothing is going to
change” or “l can't do this’ leading to dropout or lack of
improvement. In this case, theinitiation of motivation and hope
may be especially crucial. Similar to face-to-face settings, early
change patterns during Web interventions may have important
implications for treatment selection, the continuation and
adaptation of treatment, aswell asthe devel opment of new Web
or blended interventions. Early response monitoring may support
the decision-making process with regard to the addition of
special content (eg, coping with physical impairment and
enhancing positive treatment expectations) or the necessity of
higher intensity treatments. Furthermore, physica health and
attitudes toward Web interventions may be important factors
that influence early response or early deterioration and may be
useful indicators when deciding whether a specific Web
intervention should be applied. Although some interventions
target multiple problems [53], it is still unclear whether such
interventions can raise the early positive response rate. Also,
given that the participants in the early response after screening
and early response after registration groups showed
improvement, it may be that varying factors contribute to early
response.
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Conclusions

Clearly, hope and positive expectations have an impact on early
response; however, we don’'t yet know much about specific
personal characteristics such as self-efficacy. It would be
interesting to investigate whether participants that improve or
show an early positive change differ with regard to self-efficacy
and whether high or low self-efficacy influences outcome in
the long-term.

To summarize, more research is till necessary to understand
which factors contribute to early response, which factors are
indicaterisk of early deterioration or dropout, and how clinicians
or devel opers of Web interventions can best adapt interventions,
particularly in routine care settings [53,54].

In summary, identifying patterns of early change can have
implications for treatment outcome and treatment completion
rates. Session-by-session monitoring and feedback of this
information may increase awareness of these early change
patterns and be applied as part of a stepped-care treatment
approach [49].

Limitations

The following limitations of this study should be considered
when interpreting the results. Unfortunately, number of modules
of the Web intervention and usage time could not be assessed
on aweekly basis, limiting what can be said about the progress
of adherencein relation to the progress of symptoms. Also, due
to economic considerations, the PHQ-9 was used as the sole
outcome measure over the course of treatment. In future studies,
abroader range of outcome measures (eg, an anxiety measure)
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and usage variables could be regularly monitored, improving
the estimation and investigation of outcome and adherence. In
future studies, additional predictors of adherence should also
to be studied.

In addition, only participantswith at | east one assessment during
the intervention were included in the analyses. We addressed
this issue by testing for differences between included and
excluded participants. Although we did not find any differences,
these results should not be generalized to participants who, for
whichever reason, did not complete any assessments during the
first weeks of treatment.

In addition, it must be mentioned that the application of GMM
and the associated selection of an optimal number of groupsis
not without disadvantages [55,56]. One disadvantage is the
possibility of specification errors, which can result in the
overextraction of trajectory classesthrough GMM [57]. For this
reason, after examining 2 common fit indices (BIC and BLRT),
we decided to take the 3-class model into account only. When
interpreting early change patterns extracted using GMM, it
should not be forgotten that the result is a simplification of a
more complex reality, which warrants caution [55]. GMM
remains just one possibility to identify early change patterns
and other identification possibilities should be considered.

Degspite these limitations, this study underlines the potential of
early change patterns as predictors of treatment outcome aswell
as adherence, which, in the future, may guide treatment
decisions regarding the content and continuation of Web
interventions.
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Abstract

Background: Providing feedback is a technique to promote health behavior that is emphasized by behavior change theories.
However, these theories make contradicting predictions regarding the effect of the feedback sign—that is, whether the feedback
signals success or failure. Thus, it is unclear whether positive or negative feedback leads to more favorable behavior change in
a health behavior intervention.

Objective: Theaim of this study was to examine the effect of the feedback sign in a health behavior change intervention.

Methods: Datafrom participants (N=1623) of a6-month physical activity intervention was used. Participants received afeedback
email at the beginning of each month. Feedback was either positive or negative depending on the participants' physical activity
in the previous month. In an exploratory analysis, change in monthly step count averages was used to evaluate the feedback
effect.

Results: The feedback sign did not predict the change in monthly step count averages over the course of the intervention
(b=—84.28, P=.28). Descriptive differences between positive and negative feedback can be explained by regression to the mean.

Conclusions. Thefeedback sign might not influence the effect of monthly feedback emails sent out to participants of alarge-scale
physical activity intervention. However, randomized studies are needed to further support this conclusion. Limitations aswell as
opportunities for future research are discussed.

(J Med Internet Res 2017;19(6):€192) doi:10.2196/jmir.7012

KEYWORDS
feedback; internet; physical activity; health behavior; activity trackers

reduce the burden of NCDs on the worlds health and health

Introduction care systems, researchers have focused on the devel opment of

Background

In 2012, noncommunicable diseases (NCDs) such as diabetes,
cardiovascular diseases, chronic respiratory diseases, or cancer
were responsible for 68% of deaths worldwide [1].

Physical activity plays a crucia role in the prevention and
management of NCDs, as it has been found to affect the
incidence and course of NCDs such asdiabetes[2], asthma[3],
and cancer [4], as well as associated risk factors such as
hypertension [5], overweight [6], or high blood sugar [7]. To

http://www.jmir.org/2017/6/€192/
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effective physical activity interventions among others.

Physical activity interventions often use feedback as a method
to change behavior [8-11]. For example, in a review of
technology-enabled health interventions [11], feedback was
employed in 55 out of approximately 110 (50.0%) reviewed
interventions targeting physical activity and was identified as
the second-most used behavior change technique. Abraham and
Michie[12] defined feedback as* providing data about recorded
behavior or evaluating performancein relation to a set standard
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or others’ performance” (p.382). Despite its widespread usein
physical activity interventions however, detailed analysis of
feedback and its characteristics has so far been limited to
behavioral domains other than health behavior, such aslearning
[13], professional care practice[14], or employee performance
[15]. Research in these areas has indicated positive, yet highly
variable effects of feedback on behavior [13-18]. For example,
in their meta-analysis, Kluger and DeNisi [18] found a general
positive effect of feedback on performance of mostly cognitive
and motor tasks (d=.41), but in over one-third of all considered
studies, feedback decreased performance. In aCochranereview
examining the effect of feedback on the compliance of health
care professionals with desired practice, Jamtvedt et al [17]
found amedian increase in compliance of 5%. However, results
varied from -16% to 70%. These results suggest the existence
of further variables that may mediate or moderate the effect of
feedback on behavior.

Behavioral theories provide a detailed specification of causal
processes that lead to behavior change and can thus help to
understand how feedback affects behavior [19]. Two different
theories, control theory (CT) [20] and social-cognitive theory
(SCT) [21], advocate the use of feedback, but both define
different underlying processes. A better understanding of these
processes can facilitate the design of feedback in physical
activity (and other behavioral) interventions and can help to
explain the variability of results of past research.

Feedback According to Control Theory

CT provides a model of self-regulation for intentional (or
goal-directed) behavior (eg, walking 10,000 steps a day).
Self-regulation is vital for physical activity promotion as it
constitutes the basis for self-directed change[21], and physical
activity interventions based on CT strategies have been found
to be more effective than other physical activity interventions
[22]. According to CT, people regulate their behavior by
periodically comparing the perceived qualities of their own
behavior with a salient reference value (eg, a goal) [23].
Whenever adiscrepancy between one's performance and agoal
is recognized, a behavior is triggered in order to reduce the
discrepancy (negative feedback loop). Thus, feedback affects
behavior viathe comparison with a set goal or standard, which
has important implications for feedback design: performance

Figure 1. Effect of feedback according to control theory.
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is likely to be increased after negative feedback, as negative
feedback informs the recipient that a goa or standard has not
been met. In turn, performance is likely to be maintained or
decreased after positive feedback, as positive feedback signals
that the recipient exceeded the goal, which can thus be reached
with lesseffort aswell. Figure 1 illustrates the underlying causal
processes of the effect of feedback according to CT.

Feedback According to Social Cognitive Theory

In contrast to CT, SCT assumes that the mere perception of
behavior and standards is insufficient to regulate behavior. It
rather posits that cognitions such as self-efficacy beliefs are
central factorsthat impact goal pursuit and self-regulation [24].
Self-efficacy beliefs are personal beliefs about the capability to
exercise control over one's actions and constitute the foundation
of human motivation and action [24]. More precisely, unless
one believesthat a desired health outcome (eg, walking 10,000
steps a day) can be produced by one's own actions, he or she
has no incentive to act in the first place. Furthermore,
self-efficacy beliefs influence the regulation of behaviorsin a
variety of ways. According to SCT, self-efficacy directly
influences how goal s are set and how strong one feels committed
to achieving them, what outcomes one expects to realize, and
how impediments are viewed [24]. It further affects how failures
are attributed and how one reacts to setbacks [25]. People
holding strong self-efficacy beliefs tend to be more motivated
to reach set goalsasthey are convinced of their own capabilities,
expect to realize favorable outcomes with their actions, and
view impediments as surmountable.

Understandably, a major source of self-efficacy includes
personal experiences of successand failure[26]. Sincefeedback
usually contains an evaluation of one's performance with regard
to a set goal, feedback conveys successif it is positive, that is,
the recipient has achieved or exceeded the goal. In turn,
feedback conveys failure if it is negative, that is, the recipient
has not met the goa. Following the reasoning of SCT,
performanceislikely toincrease after positive feedback because
self-efficacy (and in turn performance) is increased.
Conseguently performanceis decreased after negative feedback,
which can undermine one's confidence in the ability to reach a
set standard. Figure 2 illustrates the underlying causal processes
of the effect of feedback according to SCT.
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Figure 2. Effect of feedback according to socia cognitive theory.

Sucess

Feedback

Failure

Research Question

Both CT and SCT contradict each other in their implications
for feedback design. Whereas CT predicts that negative
evaluation of performance |leads to favorable behavior change,
SCT predicts the same for positive evaluation of performance.
Whether the feedback contains a positive or a negative
evaluation of performanceis often referred to as the sign of the
feedback message [18]. Past research has so far produced
inconclusive results regarding the effect of the feedback sign.
In their meta-analysis, Kluger and DeNisi found no significant
effect of the feedback sign, thus favoring neither of the two
theoretical positions [18]. Both authors suggested later that the
effect might be moderated by the regul atory focus of participants
[27,28]. A more recent meta-analysis looking at the effect of
feedback [29] could not eval uate the effect of the feedback sign,
since too few studies directly compared positive and negative
feedback. Consequently, it is unclear whether positive or
negative feedback is more likely to change behavior when
incorporated in physical activity interventions. Summarizing
the line of reasoning above, we therefore pose the following
research question: Does positive or negative feedback lead to
more favorable behavior change in a physica activity
intervention?

Methods

Procedure

In order examine the effects of positive and negative feedback,
we exploratory analyzed data from a cluster-randomized trial
that primarily focused on the effects of different incentives on
the acceptance of a digital physical activity intervention [30].
This paper specifically examinesthe effect of monthly feedback
emails that were sent out over the course of this intervention.
The study was approved by the ethics committee of the authors’
university.

A total of 26,773 customers of alarge Swiss health insurance
company wereinvited through email, along with eligible family

http://www.jmir.org/2017/6/€192/
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Self-efficacy Performance
increases Increase

Self-efficacy Performance
decreases Decrease

members, to participate in aphysical activity intervention that
was conducted from July 2015 to December 2015. In order to
participate, customers had to be at least 18 years old, be
registered in a complementary insurance program, accept
participation conditions and privacy terms, and declare to be
free of any medical condition that does not permit increased
physical activity.

Before invitation, potential participants were clustered based
on their state of residence and clusters were then randomly
allocated to one out of threeincentive conditions: Inthefinancial
incentive condition, participants received CHF10 (US $10) for
each month they walked >10,000 steps a day on average. To
prevent frustration, participants received CHF5 when their
monthly step count average was below 10,000 but over 7500
steps, which matches the approximate minimum
recommendation for daily physical activity [31]. Thecharitable
incentive condition was equal to the financial incentive
condition, except that participants could choose to donate an
amount of choice of their earned money to a charitable
organization. The control group received no incentives. To
ensure fair treatment of all participants, the control group was
entitled to financial incentives of CHF20 (for monthly averages
above 10,000 steps) and CHF10 (for monthly averages below
10,000 and above 7500 steps) for the second half of the
intervention. Participants completed a\Web-based questionnaire
at the beginning (T,) and at the end of the intervention (T,) to
measure demographic and control variables relevant for the
primary purpose of the study. A detailed description of the
intervention as well as of all variables measured is availablein
Kowatsch et al [30].

Inlinewith recommendationsfor health promotion, participants
were advised to perform at least 150 min of moderate-intensity
activity aweek, which on average trandatesto agoal of 10,000
steps a day [31]. Via the Web-based customer account,
participants could at any time gain insight into their physical
activity dataaswell astheir degree of achievement with regard
to their goal of 10,000 steps a day.
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Figure 3. Exemplary feedback email (authors' translation). A: Feedback message with positive or negative feedback depending on the performance
of the participant. B: Season-based tip on how to increase physical activity (here: recommendation to participate in a geocaching activity).

Dear Mr [Name of Customer]

+ Congratulation! You achieved at least 10.000 steps per day on average
+ last month. So you did a lot for your health and thus, have earned
E 10 CHF. Keep it up! The following tip may help you.

-
LRI B N I B N O N NN NN N N RN NN NN RN N NN RN N NN NN RN N RN NN R RN NNENNENNNENNERNRN]

2880 0ANSRRRINSNRNRNRRNNANRRERNINNNNRNNRNRNNRERNSRENNRAREPRRERSeRsRRARANSY

Your Steps in August

A

saesassaaRBRRRRERRRRES

.'.-'.'..'.".'.'."..'-'-l..'.'.."'..'..'".’l.'....'.".'l'..l..'.'-."

: Tip of the Month

+ Are you aware of the thousands of treasures of Switzerland waiting
for you? Geocaching is the name of a game that allows you to find
extraordinary treasures with the help of a GPS device while discovering
the beauty of your country. [ + additional details about geocaching ]

Health Insurance
Contact Details

Feedback Emails

Starting after the first month, every participant received a
feedback message by email at the beginning of the month that
contained information on goa achievement of the last month.
Consequently, every participant received 5 feedbacks over the
course of the intervention. If participants failed to reach an
average step count of at least 7500 steps a day, a negative
feedback was provided (eg, “Unfortunately you did not reach
the goal of 7500 stepsaday on averagelast month”). In al other
cases the feedback was positive (eg, “Well done, you have
achieved at |east 7500 steps aday on average over thelast month
and did alot for your heath”). In the financial and charitable
incentive condition, feedback emails also contained information
about the amount of money earned in the past month. Moreover,
and in line with theory [18], all feedback emails contained a

http://www.jmir.org/2017/6/€192/
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season-based tip on how to increase physical activity over the
next month (eg, winter specific activities like snow shoe hiking
or visiting Christmas markets were recommended in winter
months, and outdoor activities like hiking or geocaching were
recommended in summer and autumn months). Feedback emails
were sent out by the insurance company. Figure 3 provides an
example of afeedback email that was sent out in September.

Analyses

Descriptive Statistics

Data from the baseline questionnaire was used to describe the
sample of this study. We calculated means and standard
deviations (SDs) for continuous variables and absolute and
relative frequencies for categorical variables. Data on age and
gender of the participants was provided by the insurance
company. Statistics on monthly average step counts were

JMed Internet Res 2017 | vol. 19 | iss. 6 |€192 | p.59
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

obtained by calculating the mean of all participants mean step
counts for each month.

Effect of the Feedback Sign

Because feedback on participants' physical activity referred to
monthly average step counts, we used the change in monthly
step averages as the outcome variable to compare the effect of
positive and negative feedback. Specifically, we calculated the
difference between monthly step count averages before and
after dispatch of the feedback email. Since each participant
received 5 feedback emails, we consequently obtained 5
difference measures per participant. This difference indicates
whether a participant increased or decreased his or her average
monthly step count in the month after receiving feedback.
Differences with an absolute value of more than 10,000 steps
are likely to be the result of irregular recorded step counts (eg,
very few and very low recorded step counts in 1 month) and
wereregarded as outliersand excluded from analysis. Exclusion
of outliers resulted in the removal of 26/8115 (0.03%)
observations and did not affect the results of the analyses.

To determine what analyses should best be used to examinethe
effect of the feedback sign, a 2-level hierarchical linear model
with measurements as level-1 unit of analysis and participants
as level-2 unit of analysis was fit to the data. However, the
comparison of an intercept-only and arandom-intercept model
revedled that modeling the nested data structure did not
significantly improve the model fit (x%=0.0, P=.99). Hence,
measurements were treated as independent, and a linear
regression model was fit to the data in order to examine the
effect of the feedback sign. Because the feedback emails
informed participants in the incentive groups also about the
reception of a financial incentive, the main effect of the
experimental group was included in the model. To further
account for confounding effects of seasonality and regression
to the mean, the model was adjusted for the effects of time and
participants' baseline physical activity [32]. In linewith Barnett
et a [32], baseline physical activity was defined as the average
step count of the month preceding the dispatch of the feedback
mail.

Results

Descriptive Statistics

In total, 1410 directly invited customers and 213 family
members participated in the program resulting in a sample of
N=1623 participants. On average, participants were 42.66
(SD=13.06) yearsold and dightly more men (848/1623, 52.25%)
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than women (770/1623, 47.44%) participated in the prevention
program. Five participants (0.31%, 5/1623) did not disclose
their gender. Compared with the Swiss population [33], people
aged 20-39 years were overrepresented in the sample (46.40%
[753/1623] vs 33.45% [2,225,129/6,651,623]), whereas people
aged 64 years and above were underrepresented (7.64%
[124/1623] vs 22.48% [1,495,052/6,651,623]). Moreover,
program participantswho filled out the Web-based questionnaire
at T, (n=1220) tend to have higher net income (between CHF
5000 and 10,000: 61.4% [593/966] vs 33.5%, more than CHF
10,000: 13.2% [127/966] vs 3.5%; no absolute values were
availablefor the different income categories) and alower chance
of not obtaining a high school degree (2.30% [27/1172] vs
12.09% [564,889/4,671,164]; education data from the Federal
Bureau of Statisticswas available only for persons aged between
25 and 64 years and participants’ characteristics were adjusted
accordingly). Additional participant characteristics obtained via
the baseline questionnaire are outlined in Table 1.

Over the course of the intervention, participants walked on
average 10,410 steps aday (Table 2), which can be considered
high [31] but comparable with the results of other studies
conducted with Swiss samples[34]. Monthly average step counts
showed adlight negative trend over time. Naturally, step counts
were higher for participants receiving a positive feedback mail
because a positive feedback was sent out only if the average
step count of the previous month exceeded 7500 steps. The
attrition rate (23.35%, 379/1623) was comparable with previous
pedometer-based interventions [35].

Effect of the Feedback Sign

Descriptively, a clear pattern emerged from the data as it is
apparent from Table 3. For every feedback mail, step count
averages decreased after apositive feedback and increased after
a negative feedback. In absolute terms, the average increase
after negative feedback (450 steps, SD=2032) was comparable
with the average decrease after positive feedback (-425 steps,
SD=1858). For emails 2 and 3, the negative change after a
positive feedback was|ess pronounced whereasfor those emails
the positive change after a negative feedback was almost twice
the amount of steps when compared with emails 1, 4, and 5.
However, mean changes in step counts were accompanied by
large SDs, calling into question whether positive and negative
feedback indeed led to significantly different changes in step
counts. Moreover, the observed pattern of results can possibly
be explained by aregression to the mean due to the dependency
of the feedback sign on the participants’ physical activity.
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Table 1. Participant characteristics.
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Characteristics

T1 questionnaire, n (%)

(n=1220)
Education
University 548 (44.92)
Professional school 208 (17.05)
High school 389 (31.89)
Secondary school 23(1.89)
Primary school 4(0.33)
Not declared 48 (3.93)
Place of residence
Town 142 (11.64)
Outskirts of town 300 (24.59)
Village 598 (49.02)
Countryside 180 (14.75)
Incomein CHF
<2500 62 (5.08)
2501-5000 184 (15.08)
5001-7500 383 (31.39)
7501-10,000 210 (17.21)
>10,000 127 (10.41)
Not declared 254 (20.82)
Nationality
Swiss 1098 (90.00)
German 55 (4.51)
Other 53 (4.34)
Not declared 14 (1.15)
Pedometer brand
Fitbit 782 (64.10)
Fitbit app 249 (20.41)
Garmin 130 (10.66)
Jawbone 59 (4.84)
Pedometer bought for participation
Yes 673 (55.16)
No 511 (41.89)
Not declared 36 (2.95)
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Table 2. Descriptive statistics of monthly average step counts by feedback sign.
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Monthly step count average (SD) Dropout, n (%)
Positive feedback? Negative feedback? Total?
Month 1 - - 10967.02 (3744.64) 53 (03.27)
Month 2 11581.79 (3273.48) 6293.99 (2668.99) 10710.19 (3732.68) 68 (04.19)
Month 3 11639.40 (3145.38) 6470.87 (2298.96) 10714.99 (3597.49) 65 (04.00)
Month 4 11533.57 (3326.82) 6450.72 (2269.40) 10657.20 (3717.10) 53(03.27)
Month 5 11216.21 (3395.22) 6046.97 (1945.79) 10366.47 (3742.52) 91 (05.61)
Month 6 11308.43 (4283.81) 5968.97 (2144.36) 10299.51 (4479.57) 49 (03.02)
Total 11462.60 (3489.37) 6252.79 (2291.78) 10409.96 (3427.29) 379 (23.35)
3/al ues represent monthly average step counts depending on the feedback at the beginning of the month.
Table 3. Descriptive statistics of change in monthly step count averages by feedback sign.
Mean difference in step counts (SD)
Positive feedback? Negative feedback? Total?
Mail 1 -482.71 (2035.95) 363.30 (2114.51) —349.37 (2070.88)
Mail 2 -328.77 (1858.73) 717.76 (2153.88) -148.82 (1952.29)
Mail 3 -399.11 (1869.87) 587.71 (2012.82) -234.52 (1929.12)
Mail 4 -497.77 (1854.33) 215.26 (1654.28) -382.55 (1842.09)
Mail 5 -422.96 (1607.90) 329.19 (2112.57) -285.12 (1735.20)
Total -425.34 (1858.38) 450.29 (2032.06) -279.51 (1916.24)
3/al ues represent the mean change in monthly average step counts after dispatch of the feedback mail.
Table4. Summary of multiple regression results predicting change in average step counts.
Model parameter b Standard error (b) Beta P
Intercept -139.97 98.39 - .16
Time —24.98 15.84 -0.018 12
Basdline physical activity® -0.13 0.01 -0.239 <.001
Group: financial incentives” 37 80.30 002 96
Group: charitable incentives? 5.42 81.85 001 95
Feedback sign® -84.28 78.74 -0.062 28

3Baseline physical activity was centered before entering the model.

bGroup membership was represented as 2 dummy variables with the control group serving as the reference group.
CFeedback sign was represented as 1 dummy variable with negative feedback serving as the reference group.

Results of the multiple regression analysis of changein monthly
step counts on time, baseline physical activity, group, and
feedback sign are presented in Table 4. Overall, thelinear model
significantly predicted the changes in monthly average step

counts (Fs gg35=90.84, P<.001) with R°=.062. Baseline physical
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activity emerged as the only significant predictor of changein
step counts. The feedback sign did not significantly predict the
changein monthly average step counts when controlling for the
effects of time, group, and baseline physical activity (Figure 4,
right plot), indicating that the descriptive patterns in Table 3
were caused by regression to the mean.
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Figure4. Left: Scatterplot of changesin monthly step counts against baseline physical activity for thefirst feedback email; the dark solid line represents
perfect agreement (no change) and the colored lines are regression lines for positive and negative feedback. Right: Overall difference between negative
and positive feedback emails adjusted for baseline physical activity and other covariates.
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Figure 4 helpsto further disentangl e the effects of the feedback
sign and baseline physical activity. The scatterplot in Figure 4
plots the dependent variable against participants baseline
physical activity to illustrate the influence of regression to the
mean using datafrom thefirst feedback email [32]. The colored
lines represent separate regression lines for participants that
received positive and negative feedback. The slopes of the
regression lines indicate that the change in physical activity
following the feedback mail is dependent on physical activity
in the previous month for both positive and negative feedback.
More specifically, changes in physical activity occurred
predominantly for individuals with extreme baseline values. In
line with the assumption of regression to the mean being the
cause of the observed change, participants with very low
baseline activity levelsincreased their activity in the following
month, whereas participants with very high baseline levels
showed a decrease in the following month. The descriptively
observed difference between positive and negative feedback
vanisheswhen controlling for baseline physical activity (Figure
4, right plot).

Discussion

Principal Findings

In this paper we analyzed the effect of positive and negative
feedback emails on physical activity of participants of a
large-scale physical  activity intervention. Using a
quasi-experimental approach, we found no difference between
the effect of positive and negative feedback emails. Substantial
differences found on a descriptive level could be explained by
regression to the mean. Contrary to the theory outlined in this
paper, our results might suggest that the feedback sign does not
influence the effect of feedback. Similar results have been found
by previousresearchin other behavioral domains[18]. However,
due to the quasi-experimental setting and possible alternative
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explanations for our results, we refrain from drawing firm
conclusions regarding our research question.

Both frequency and rel evance of the feedback could have limited
the general effect of feedback on participants’ physical activity
levelsin our study, thereby, explaining the missing effect of the
feedback sign. Feedback in our study was only provided once
at the beginning of each month, which might have not been
frequent enough to affect monthly physical activity levels.
Indeed, meta-analyses of feedback interventions in the area of
health care demonstrate that feedback is more effective if it is
delivered more frequently, for example, weekly [14]. Moreover,
although the feedback messages contained novel and potentially
interesting information (such asthefinal confirmation of earning
areward or tipson how to increase physical activity levels), the
relevance of the feedback messages may have been
compromised due to the permanent opportunity for participants
to receive information on their step counts viatheir Web-based
customer account or their activity tracker. Because irrelevant
feedback islesslikely to be processed by therecipient [36], this
as well could have limited the effectiveness of the feedback
emails. Including further personal information that is not yet
provided by the activity tracker (eg, social comparisons) could
enhance relevance of the feedback messages and might reveal
differences between positive and negative feedback.

Limitations

Some methodol ogical issues arise as part of the practical setting
of our study. Participants were not randomly alocated to a
negative feedback and a positive feedback condition. Rather,
positive and negative feedback was dependent on participants
physical activity. Asaconsequence, we must not infer causality
as inherent group differences beyond the included control
variables may have affected our results. Furthermore, the
internal validity of our resultsislimited as we were not able to
check whether participants actually read the feedback emails.
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If asubstantial proportion of participantsignored the feedback,
we might be able to observe an effect of the feedback sign only
within a subgroup of our sample that read the feedback emails.
Finally, we were not able to include a true control group that
did not receive any feedback emails. However, providing
evidence for the general effectiveness of feedback was not the
primary focus of this paper as this has been investigated and
confirmed in other studies [8,14,18]. Feedback represents a
widely used technique of physical activity interventionsand is
likely to be continuously used in the future due to the central
role of self-regulation for both theoretical models of behavior
change [20,21,37] and the practical effectiveness of physical
activity interventions [22,38]. We therefore chose to focus on
the comparison between positive and negative feedback to
explore the way to best incorporate feedback into physical
activity and health behavior change interventions.

Future Research

Research regarding the effect of feedback in health behavior
change interventions is in its infancy. Thus, we urgently call
for the conduction of randomized controlled trials examining
the effects of feedback on health behavior as well as related
mediators and moderators. Results of those studies can help
researchers and practitioners to decide how to best incorporate
feedback in their heath behavior interventions and thereby
ensure a positive effect of feedback. In this context, digital
technology might be a promising resource to maximize the
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effect of feedback [29]. Digital technology not only allows the
delivery of automated and personalized feedback [39], sensors
incorporated in mobile phones and wearables al so facilitate so
called just-in-time adaptive interventions (J TAIs) [40]. J TAIs
are digital interventions that provide support to the user
considering his or her state of vulnerability, opportunity, and
receptivity. In other words, J TAls provide support only to those
persons who need it at the exact moment when they need it and
can most benefit from it. Using the mobile phone, for example,
feedback messages could be sent out only when the recipient
is likely to actively process the feedback message (eg, when
sheisat home and no activities are scheduled in her calendar).
Identifying the right conditions and context for feedback to be
most effective holds great potential for health behavior change
interventions.

Conclusions

There is no difference between the effect of positive and
negative feedback emails that were sent out on amonthly basis
in a large-scale physical activity intervention. Framing of the
feedback in terms of success and failure may not be crucia
when the feedback is given infrequently and in situationswhen
individuals are likely to be aware of their levels of behavior.
However, feedback characteristics, including the feedback sign,
should be carefully considered when designing feedback to
change health behaviors.
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Abstract

Background: Adolescents and young adults (AYAS) are of specia interest in a group of children exposed to family violence
(FV). Past-year prevalence of exposure to FV is known to be highest in AYAs and has severe consequences. Peer support is an
effective approach to behavior change and the Internet is considered suitable as a mode of delivery.

Objective: The study aimed to evaluate both effectiveness and feasibility of arandomized controlled trial (RCT) and feasibility
study of the Internet-based self-support method “Feel the ViBe’ (FtV) using mixed-methods approach to fully understand the
strengths and weaknesses of a new intervention.

Methods: AYAs aged 12-25 years and exposed to FV were randomized in an intervention group (access to FtV + usual care)
and acontrol group (minimally enhanced usua care) after they self-registered themselves. From June 2012 to July 2014, participants
completed the Impact of Event Scale (I1ES) and Depression (DEP) and Anxiety (ANX) subscales of the Symptom CheckList-90-R
(SCL-90) every 6 weeks. The Web Eval uation Questionnaire was completed after 12 weeks. Quantitative usage datawere collected
using Google analytics and content management system (CM S) logsand datafiles. A univariate analysis of variance (UNIANOVA)
and mixed model analysis (intention-to-treat [I TT], complete case) were used to compare groups. Pre-post t tests were used to
find within-group effects. Feasibility measures structurally addressthe findings. The CONsolidated Standards Of Reporting Trials
of Electronic and Mobile HEalth Applications and onLine TeleHeath (CONSORT-EHEALTH) checklist was closely followed.

Results: Intotal, 31 out of 46 participants in the intervention group and 26 out of 47 participants in the control group started
FtV. Seventeen participants (intervention: n=8, control: n=9) completed all questionnaires. Mixed model analysis showed
significant differences between groups on the SCL-90 DEP (P=.04) and ANX (P=.049) subscales between 6 and 12 weeks after
participation started. UNIANOVA showed no significant differences. Pre-post paired samplet tests showed significant improvements
after 12 weeks for the SCL-90 DEP (P=.03) and ANX (P=.046) subscales. Reported mean Web-based time per week was 2.83
with a session time of 36 min. FtV was rated amean 7.47 (1-10 Likert scale) with a helpfulness score of 3.16 (1-5 Likert scale).
All participants felt safe. Two-thirds of the intervention participants started regular health care.

Conclusions: No changes on the |IES were found. SCL-90 DEP and ANX showed promising results; however, the calculated
sample sizewas not reached (n=18). FtV functions best asafirst step for adolescents and young adultsin an early stage of change.
FtV can be easily implemented without extensive resources and fits best in thefield of public health care or national governmental
care.
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Introduction

Family violence (FV) mostly affects women and
children—about 30% of al women in a relationship reported
to have experienced some form of violencein their relationship
[1,2]; and in approximately 60% of the cases, children areliving
in these violent households [3,4]. Nowadays, it is widely
acknowledged that children in violent homes are almost always
exposed to this violence. The most common form of exposure
to FV isexposureto intimate partner violence, including assaults
by parents on siblings or among siblings. There are many
possible forms of exposure that vary from direct exposure
(seeing or hearing the violence) to indirect exposure (having to
deal with the consequences of the violence for daily life) [5].
Recent studies show that 8-12% of all children were exposed
to some form of FV in the preceding year [4,6,7]. In the last
two decades, numerous studies were published on the effects
of exposure to FV on children. Exposure to violence is
associated with emotional, behavioral, and adjustment problems
asinternalizing and externalizing behavior, educational dropout,
and mental health disorders such as post-traumatic stress
disorder (PTSD), affective and depressive disorders, and suicidal
attempts. It is associated with adolescent dating violence,
high-risk sexual behavior, teenage pregnancy, and
intergenerational  transmission—becoming a victim or
perpetrator of FV in adult life [8-20]. These consequences
closely resemble those of direct victims of physical abuse. In
the Netherlands, exposure to FV istherefore considered aform
of child abuse [21].

Adolescents and young adults (AYAs) are a group of specia
interest in a group of children exposed to FV. Hamby (2011)
showed that the past-year prevalence of any exposure to FV
was highest in 14-17 year olds (13.8%) [6]. Adolescenceis an
important and life-altering period in human lifewith tremendous
physical and psychological changes[22,23]. Inthisperiod, peers
are highly important and are considered, more than family,
significant others when facing problems.

The transtheoretical stages-of-change model by Prochaska and
DiClemente [24] describes the process of intentional behavior
change and can be used to describe the situation of AYAsS
exposed to FV. We hypothesize that AYAs exposed to FV to
be in a precontemplation phase. In this phase, they are not yet
ready to take action to change their situation. AYAsS in a
precontempl ation phase may be unaware of the abnormality of
their living situation and therefore unable to change it. In this
phase, education focusing on what isand what is not normal in
families could help move AYAs from precontemplation to a
contemplation phase. This could make AYAs aware of the
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abnormality of their home situation and thus help them move
from precontemplation to contemplation.

In the contemplation phase, AYAs exposed to FV are aware of
the abnormality of thisviolence but are not committed to change
this: they might be hesitant to share experiences with peers or
significant others out of shame or fear that their home situation
may harm their status (peer pressure) [25,26]. Besides, knowing
that AYAs often support their mother by trying to protect her
instead of being protected, they are not likely to seek help for
themselves [27-29]. To induce change to a preparation phase,
in which someone is ready to initiate change, it is needed to
educate a person in a general and nonprovocative manner.
Therefore, it isimportant to identify and reach AYAS exposed
to FV as soon as possible.

Several reviews have addressed adolescent help-seeking
behavior for mental health problems, including being a victim
of violence. Barriers include attitude toward health care;
confidentiality and trust issues; fear or stress about help-seeking;
and lack of knowledge, accessibility, or recognition by others
[30-32]. Having detected them, it is challenging to provide
health care that is appropriate to both the age group and their
specific problems [32-34]. Traditional programs are often not
ready for participantsin aprecontemplation phase—directed at
immediate change, they are not suitable for participants who
are still weighing the pros and cons of changing their situation.
Besides, most interventions need parent involvement, are
regional, or do not offer specialized care.

In need of alternative ways to provide low threshold care to
AYASs exposed to FV, the Internet could be an effective way to
deliver care. In 2013, 100% of the adolescents between 12-25
yearsold in the Netherlands had accessto the Internet [35]. The
Internet is used by AYAS to retrieve health information and to
self-disclose problems to peers on the Web, rather than asking
for help el sawhere [36-38]. eHealth isarapidly devel oping and
upcoming mode of therapy. Internet-based intervention have
been shown to be cost-effective in different health problems
[39-43], including mental health in an adolescent population
[44-46]. Provision of information, sharing experiences, and peer
modeling are known to increase self-management [47-49] and
peer- and social support are effective methods to change
behavior, both offline and on the Web [49-55]. Furthermore,
social support has proven to be effective in adults exposed to
violence and is associated with good mental and physical health
outcomes [56-58].

Itislikely that AYAsexposed to FV will search for information
on the Internet too. Therefore, an Internet-based self-help
intervention targeted at this group could be a way to reduce
barriers to help-seeking and help AYAs exposed to FV to
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become ready for change. To the best of our knowledge, there
areno eHealth interventionsfor AYAsexposed to FV. Therefore
in 2011, “Feel the ViBe" (feel the violence beaten) was
developed as an aternative way to reach and support AYAS
exposed to FV.

This study first describes a randomized controlled trial (RCT)
and then, a feasibility study performed with the following
research question: “Is Feel the ViBe an effective and feasible
way of reaching and delivering support to adol escents and young
adults exposed to family violence?’

Methods

Intervention

Fed the ViBe (FtV) is a freely-available, Internet-based
self-support method for AYAs exposed to FV (self-assessed)
[59,60] with three main goals: (1) providing information, (2)
offering (peer) support, and (3) lowering the threshold to regular
health care services by supporting participants to move to a
higher level of change and to find health carefitting their needs.
Theintervention comprises avariety of el ements, being among
others a forum, a chat function, informational pages, and an
“ask the expert” function (Table 1). A community manager
(CM) moderates the intervention, answers questions, assesses
safety, and supports participants when needed, both on demand
when asked for, and actively when they judge a participant could
use support of additional information. The CM is a
semiprofessional with abackground in health care and additiona
training on FV.

eHealth interventions often suffer from the law of attrition: the
phenomenon of participants stopping usage or being lost to
follow-up [61,62]. To facilitate exposure, we used expert
literature and interviews with AYAs exposed to FV to compose
the intervention and information on the Web, performed a
search-engine optimization (SEO), and included genera
information about FV on the website of FtV to facilitate
exposure for first-time visitors.

Participants could access FtV from any computer; they needed
only their login name and password. FtV isto be used ad libitum
without endpoint to the intervention; however, to facilitate
exposure for returning visitors we included structured events
and reminders [63-65]. FtV is described in detail in the study
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protocol of FtV [60]. The CONSORT-EHEALTH checklist was
closely followed [66].

Participants

Participantsincluded were AYAs aged 12-25 years, exposed to
FV as defined previously, and who registered themselves at the
homepage of FtV (feel-the-vibe.nl). Participants were included
from June 2012 to January 2014. We did not actively recruit
participants; all participants found FtV on Google or through
other websites. In this early phase, inquiring participants about
thetype and severity of the violence would enlarge the threshold
for participation. Therefore, we choseto consider every potential
participant eligible astarget group. All participants who started
to use FtV were exposed to FV, including 2 participants who
were excluded after randomization because of their age.
Excluded were participants not in command of the Dutch
language, as FtV isin Dutch.

If participants read the patient information letter available on
the homepage and had no further questions, they were eligible
to participate and were randomized in 2 parallel groups with a
1:1 allocation ratio: an intervention group, having accessto FtV
+ usual care (UC), and a control group, having access to
minimally enhanced usua care (mMEUC), meaning that they
were placed on awaiting list for 12 weeks with accessto 24 h
emergency care. Both groups have been extensively described
in the study protocol of FtV (Figure 1) [60].

Ontheir first login, participants and parents of participants aged
12 to 16 years gave informed consent electronically. Multiple
identities were prevented by making the registration a manual
process, including an Internet protocol (IP) address check and
email contact, and the informed consent process.

A safety protocol ensured participant safety: FtV isbased on a
secured server and participants had to use a nickname. All
persona data on the Web was removed by a CM, who aso
monitored the intervention. Participants could contact the CM
in case of emergency, independent of their randomization group
and electronic consent. All participants were obligated to give
contact details of any adult they trust. In case of severe danger,
the CM could contact this person with consent of the participant;
or, if a participant was below 16 years, the CM could aso
contact without consent. Participants could not be blinded due
to the nature of the study. Participants, recruitment,
randomization, consent, and intervention are al described in
detail in the study protocol of FtV [60].
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Table 1. Overview of “Feel the ViBe" elements.
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Element Extrainformation Restrictions
General information onexpo-  Information by age (under 12 years, 12-17 years, 18-25 years, and parents) and by subject. Public
sure to family violence
Research information and Information for participants and parents about research, safety, and privacy. Public
disclaimer
Information on sponsoring Homepage, bottom | eft. Public
Contact page Option to register or ask questions to the community manager or researchers. Public
News page Twitter newsfeed included. The news page states important information for participantssuch ~ Public

as major bug fixes, changesin content, and scheduled maintenance.
Emergency exit A button on every page directing participants to a search engine without option to go back in ~ Public

Electronic consent for partici-
pants
Electronic consent for parents

Questionnaires

Personal menu

User profile

Digital testament

Ask the expert

Forum

Chat

Information

Facts and figures

the browser.

Consent is necessary to get access to other elements behind login

Consent is necessary for participants under 16 years old to get access to other elements behind
login

Questionnaireswill be activated in the personal menu. Questionnaires can befilled out one-by-
one. Whenever possible, adaptive questioning is being used to make the burden as low as pos-
sible. There is amaximum of 15 questions per page. All items need to be filled out to submit
aquestionnaire. Participants cannot review their answers.

Menu for the participants with overview to al the available elements, access to the participants
profile, digital testament, research information, and contact information.

The profile contains information on the participant, being: full name, nickname, avatar, sex,
age, contact details, and contact person. Only the nickname is available for other participants.
The participant can choose a theme for the layout.

The digital testament is required to fill out and lets participants choose how their data must be
handled if they stop their participation.

Optionto ask questionsby email to several experts, including ageneral practitioner, asexologist,
apsychologist, and an expert in the field of family violence. Participants can also contact the
community manager for general questions and questions regarding regular health care services.
Response is given within 72 h.

The forum is meant to stimulate peer support. The community manager moderates the forum
and stimulates contact.

Every 2 weeks we will offer a chat session for the participants with a specific theme and sup-
ported by an expert and the community manager. Every other week there will be an unguided
chat.

Depending on the age in the profile, participants have access to tailored information about
partner violence, sexual health, reproductive health, relations, and health care.

In a 12-week cycle, participants receive a 1-sentence fact of figure about family violence, sex-
ual health, or reproductive health every day on their mobile or by email.

Available after first
login.

Accessible by email
with a code.

Available after first
login, and every 6
weeks.

Login needed

Login needed

Login needed

Login needed

Login needed

Login needed

Login needed

Consent needed

Primary Outcomes

The Impact of Event Scale (IES) was chosen to measure PTSD
symptoms. The I[ESisashort set of 15 questions measuring the
impact of events and the amount of distress associated with
events. It comprises the subscales Intrusion (8 items, mean
alpha=.86) and Avoidance (7 items, mean alpha=.82) [67-70].

The Depression and Anxiety subscales of the Symptom
CheckList-90-R (SCL-90-R DEP and ANX) were chosen to
measure an improvement in symptoms of depression and
anxiety. The SCL-90-R DEP and ANX subscales measure
symptoms of depression and anxiety during the previous week
on a 5-point Likert scale. Both subscales showed good
convergent and divergent validity and high internal
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consistencies. The SCL-90-R is validated for participants aged
12 yearsand older. The Depression subscale comprises 16 items
(alpha=.90), and the Anxiety subscale comprises 10 items
(alpha=.88) [71].

Feasibility and General Measures

The Genera Questionnaire (GQ) collected dataon demographics
and other (health) care and support received.

The Web Evaluation Questionnaire (WEQ) contained questions
about content, layout, and the perceived effectiveness and
usefulness of the website. The WEQ was meant to identify
issues for further improvement of FtV, collect possible
facilitators and barriers for implementation, and evaluate if the
website met the expectations of the target group.
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“Use” was measured by the collection of quantitative data (login
frequency and duration, visited pages, and visitor numbers) and
qualitative data (forum and chat entries and questions asked to
the experts) and was monitored on a continuous base [63,72].

Qualitative data were collected from open-ended questions in
guestionnaires and from CM reports, including their daily
activitiesand actions [73-75].

Data Collection

Participantsin both groups were asked to complete the IES and
SCL-90 DEPand ANX at baseline (TQ) and every 6 weeksuntil
24 weeksafter inclusion (T1-T2-T3-T4). The GQ wascompleted
at baseline and after 12 (T2) and 24 (T4) weeks. The WEQ was
completed 12 weeks after receiving full access to FtV, T2 for
the intervention group and T4 for the control group. According
to protocol, participants received up to 2 reminders if they did
not complete aquestionnairewithin 1 week. All outcomeswere
self-assessed through Web-based questionnaires. All other data
were collected on a continuous basis from Google analytics,
content management system (CMS) logs, and datafiles (Figure
1).

Sample Size

As described in the study protocol, we calculated the sample
size from studies on eHealth also using the IES as primary
outcome measure [44,45,76,77]. From these studies we
estimated that we needed 9 participants in each group after 12
weeks. Considering the relatively high effect sizes found in
these studies and the expected loss to attrition, we aimed to
include 50 participants for each group. We managed to include
93 participants within the inclusion period, of which 40
participants completed their baseline questionnaires and 17
participants (8 intervention, 9 control) completed at least their
T1and T2 questionnaires. This meansthat we did not reach our
estimated sample size of 9 participants in each group.

Changesto Protocol and Unexpected Events

No changes were made to the intervention. During the study
period, every month between 1:00 AM and 6:00 AM therewere
brief (5-15 min) security updates. There were 5 bug fixes, three
for the chat function, one for the login procedure, and one for
the firewall. Bug fixes were planned in the night and lasted a
maximum of 30 min. No content was changed. The procedure
book for the intervention had minor changes 2 times during the
intervention, none of which had visibleimpact for participants.

In the study protocol, we stated that al questionnaires were
obligatory. In practice, however, due to ethical concerns, we
did not exclude participantsif they didn’t complete all baseline
guestionnaires. We were not able to report results on routine
outcome measurements (ROM); participants often used the
emergency exit instead of logging out, making results on ROM
unusable. The adapted version of the “Seks onder je 25¢”
(Sex-under-25) questionnaire was hardly completed by
participants because they did not feel comfortable with the
subject. Therefore, we could not use the questionnaire and
excluded it from analysis.
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van Rosmalen-Nooijens et al

Data Analysis

Effectiveness

Participant characteristics were coll ected from the contact forms
and GQ. To maximize feelings of safety and anonymity, data
on FV exposure was not actively collected. Therefore, data on
FV exposurewas collected from qualitative data. Characteristics
of the intervention and the control group were compared to
check whether randomization resulted in similar groups.

Initially, we planned an intention-to-treat (ITT) anaysis, in
which theintervention group, irrespective of Web-based activity
and adherenceto protocol, was compared with the control group
at TO, T1, and T2. However, imputing missing data, which is
essential to performafull ITT analysis, isanimportant problem
we expected to happen in an Internet-based self-support
intervention for AYAs because of loss to attrition. After
consultation of a medical statistician, we decided not to use
imputation techniques for missing data, as thiswould lead to a
too large level of uncertainty in the relatively small group.

Therefore we primarily performed a complete case analysis
using univariate analysis of variance (UNIANOVA) and mixed
model analysis in statistical package for the socia sciences
(SPSS version 22; IBM Corp) to analyze any effects of using
FtV in the first 12 weeks, based on the randomization in the
initial group (ITT).

Second, we performed a pre-post t test anaysis for all
participants being an active user during 12 weeks, independent
of their original randomization group. P values <.05 were
considered statistically significant. Whenever relevant,
age-related differences were included.

Feasibility

Feasibility studiesaim to study several areas of focusto be able
to fully understand the strengths and weaknesses of a new
intervention: the potential for success when implementing itin
the real-world. Feasibility was analyzed using several areas of
focus, as suggested by Bowen et al (2009) [78,79]. Participant
characteristics and Google analytics were used to assess
expressed interest. Quantitative usage data were used to assess
demand. First we focused on intention to use, followed by an
analysis of actual use to assess continued use. Both individual
elements as total usage time were included. Quantitative data
were supported by self-reported qualitative data on use.

Quantitative and qualitative satisfaction assessed acceptability.
Appropriateness was evaluated comparing user’s wishes and
needs, including safety, with expected goals as reported in the
GQ. CM reports and a costs analysis were used to investigate
possibilities for implementation in an uncontrolled design.

All qualitative data were analyzed using a thematic coding
approach. Two researchers (KRN and SLFW) read and coded
al qualitative log files. Consensus was reached in mutual
discussion. Coded fragments were grouped in themes using
feasibility measures as overall guideline. Any disagreementsin
coding were discussed in the supervising research team. Quotes
are given a quote number corresponding with the number in
Table 6.
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eligibility (n=194)
RS

h 4
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Table 2. Participant characteristics as measured in the General Questionnaire (n=40).

van Rosmalen-Nooijens et al

E’a”[icipant characteris- Intervention Control P value
tics (N=20) (N=20)
Age (years)
Mean age 18.40 (SD 3.62) 18.20 (SD 3.02) .85
12-17 8 10 54
18-25 12 10
Sex .32
Male 1 0
Female 19 20
Country of birth .04
Netherlands 20 16
Belgium 0 4
Country of birth .24
mother
Netherlands 17 12
Belgium 0 5
Other 3 3
Country of birth .55
father
Netherlands 17 13
Belgium 0 3
Other 3 4
Religion .29
Christianity 11 9
Islam 1 1
No religion 5 8
Other 3 2
Importance of religion .06
Not important 11 16
A bit important 7 4
Very important 2 0
Employment .54
Full time education 10 11
Employed 3 3
Both studying and job 6 5
Disabled 1 1
Education .65
Lower education 3 3
Middle education 9 5
Higher education 8 12

http://www.jmir.org/2017/6/e204/

RenderX

JMed Internet Res 2017 | vol. 19 | iss. 6 [€204 | p.73

(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

van Rosmalen-Nooijens et al

Ea‘[icipam characteris- Intervention Control P value
tics (N=20) (N=20)
Current relationship .38
Boyfriend 5 7
Girlfriend 0 1
Dating 1 1
None 14 11
Living situation 71
At home with parents 14 15
With partner 1 0
Alone 3 4
Sheltered housing 2 1
Alcohol use .90
Daily 1 0
>1 time/week 3 5
<1 time/week 6 6
Never 10 9
Smoking .67
Yes 1 2
Before 3 1
No 16 17
Use of drugs .35
>1 time/week 1 0
<1 time/week 1 1
Never 18 19
Ethics baseline questionnaires and wereincluded intheanaysis (Figure

This study was conducted in the Netherlands and was registered
in The Netherlands National Trial Register (NTR3692).

The Committee on Research Involving Human Subjects of the
Radboud University Nijmegen Medical Centre (Dutch initials:
CMO) has assessed this study and judged that the study does
not fall within the remit of the Medical Research Involving
Human Subjects Act (WMO). Therefore, the study could be
carried out (in the Netherlands) without approval by an
accredited research ethics committee (2011/053. NL nr
35813.091.11. March, 16th, 2012).

Results

Effectiveness

100 participants, of which 9 male and 91 female participants
with a mean age of 18.55 (SD 4.23) were included. After
randomization, 7 participantswere excluded. Fifteen participants
in the intervention group and 21 participantsin the control group
did not give electronic consent, meaning that 31 out of 46
participants in the intervention group and 26 out of 47
participants in the control group started to use FtV. Of these
participants, 20 participants in each group completed their

http://www.jmir.org/2017/6/e204/

1). All these participants were exposed to FV. Eight participants
intheintervention group, compared with 7 in the control group,
were not only exposed but also a direct victim of FV. Overal
participant characteristics are in Table 2.

Of the 40 participants who completed their baseline participants,
17 participants completed all questionnaires. There were no
significant differencesin age, sex, and type of violence between
the participants who completed TO (n=40, mean age 18.38 [SD
3.23]) and the participants who did not (n=17, mean age 16.94
[SD 3.49]) (P=.14). There were no significant differences in
patient characteristics between the intervention and the control
group at TO (Table 2), except for country of birth and baseline
measurements. The intervention group scored significantly
lower scoreson the IESwith amean score of 33.95, interpreting
as “powerful impact event,” whereas the control group scored
45.60, interpreting as“ severeimpact event” (P=.01). Dropouts,
participants who completed TO but not T2 (n=15), were
compared with completers (n=25); there were no significant
differences at TO for the intervention group, but in the control
group, dropouts scored higher on the |ES avoidance subscale
(not significant, ns) and significant lower on the IES intrusion
subscale (16.67 [SD 9.69] vs 24.64 [SD 5.40], P=.03).
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We performed a UNIANOVA to correct for the differences on
baseline scores. This showed no overall significant differences
between TO and T2 (Table 3).

A mixed model analysis showed that the course of intervention
participants is significant different for control participants on
the SCL-DEP and ANX subscores. Repeating the analysis for
separate age groups, results follow the same course, although
results are no longer significant (Figure 2).

According to the protocol, the control group received full access
to FtV after 12 weeks (Figure 1). Considering their T2-T4
measurements as TO0-T2, we performed pre-post test
measurementsto further investigate the af orementioned findings.
Considering them as two separate intervention groups, we saw
that both groups improve on the SCL-90 DEP and ANX
subscales between TO and T2. For group 2, who had been on a
waiting list for 12 weeks before receiving access, these
differences were significant for all measurements (Table 4).

van Rosmalen-Nooijens et al

Qualitative Effectiveness

Of the participants who completed the WEQ, 58% (11/19)
answered to an open-ended question that they were doing
okay-to-fine at that moment. To investigate subjective efficacy,
we asked participants whether FtV was helpful for them: on a
1-5 Likert scale, the helpfulness score was 3.16, with 42% (8/19)
of participants saying that FtV was helpful or very helpful and
26% (5/19) saying that FtV was partly helpful. Additionally,
5% (1/19) said that FtV was not helpful at all. Being asked to
motivate, participants said that “ meeting otherswho experience
violence” (58%, 11/19), “recognizing other's stories’ (58%,
11/19), and “being able to ask questions about violence” (58%,
11/19) was helpful. “Talking about their personal situation”
(53%, 10/19) and “finding out if something was normal or not”
(53% 10/19) were aso indicated as helpful. Forty-two percent
(8/19) of all participants said that giving support to others was
also helpful for themselves.

Figure 2. Coursein time for intervention compared with control group participants, gray area meaning that course differenceis significant (P<.05).
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Demand and Use

Google analytics data showed that 18,534 visitors visited the
public website of FtV from June 1, 2012 to January 1, 2014.
About 65.00% (12,047/18,534) of the users visited FtV only
once with a bounce rate (percentage of users that leaves
feel-the-vibe.nl after the first page they visit) of 58.00%

http://www.jmir.org/2017/6/e204/

45
40

Interventio 35 Interventio
n (n=5) 30 n (n=5)
Control 25 Control
(n=3) 20 (n=3)

15
TO T1 T2

(6987/12,047), whichis considered good. The remaining 35.00%
(6487/18,534) were recurrent visitors, visiting an average of
7.5 pages in 7 min per visit in the public part of the website.
Most visitors accessed FtV either directly (32.00%,
5930/18,534) or by Google (47.00%, 8711/18534). A minority
accessed FtV trough links on websites giving general
information on child abuse or FV. Furthermore, 84% (16/19)
of all participantswho completed the WEQ agreed that FtV was
easy to find on Google. A total of 194 visitors submitted a
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contact form. From these, 100 concerned eligible participants.
Seven participants were excluded after randomization.
Additionally, 31 out of 46 participantsin theintervention group
and 26 out of 47 participantsin the control group started to use
FtV (Figure 1). Participants under 16 years (needing parental
consent), did not give less consent compared with older
participants (65% [13/20] compared to 62% [44/71],
respectively). Young adults (18-25 years) tend to give less often
consent (55%, 27/49) than adolescents (12-17) (71%, 30/42),
however, not significant (P=.13). After giving consent, 29

van Rosmalen-Nooijens et al

participants (among which all male participants) did not usethe
intervention. Four users used the intervention for 12-24 weeks.
Theremaining 24 users used FtV for 24 weeks or longer. There
were no significant differences between adolescents (12-17)
and young adults (18-25) in login count or session time, but
adolescents (12-17) used the chat significant more than young
adults in their first 12 weeks of access. Overall participant
activity can be found in Table 5. Table 5 shows usage data of
participants during their first and second 12 weeks on the Web.

Table 3. Effect of “Fedl the ViBe" after 6 weeks (T1) and 12 weeks (T2) controlling for TO (intention-to-treat, complete case). UNIANOVA calculating

mean score, controlling for TO to correct for differences between groups.

Qutcome Time Intervention (n=8) Control (n=9) B P
Mean (95% Cl) Mean (95% Cl)
Impact of Event Scale
T12  42.34(34.71-49.97) 38.59 (31.44-45.73) 3.75 48
T2 42.89 (34.38-51.40) 44.54 (36.57-52.51) -1.65 .78
Symptom CheckList-90-R, De-
pression subscale
T1P 56.44 (48.60-64.29) 43.61 (36.21-51.00) 12.84 .02
Tob  47.70(38.73-56.67) 52.60 (44.15-61.05) -4.90 41
Symptom CheckList-90-R, Anx-
iety subscale
T1¢  34.67(28.16-41.18) 8.60 07
26.07 (19.96-32.18)
T2¢ 29.18 (25.64-32.71) 28.73 (25.41-32.05) 45 .85
3\lean score at T1 and T2 corrected for the overall mean score at TO = 39.76 (n=17).
PMean score at T1 and T2 corrected for the overall mean score at TO = 52.18 (n=17).
“Mean score at T1 and T2 corrected for the overall mean score at TO = 30.29 (n=17).
Table 4. Pre-post test analysis (n=14).
QOutcome Group 1 Group 2 All
Mean (SD) (n=8)2 Mean (SD) (n=6)° Mean (SD) (n=14)
TO0 T2 P TO T2 P TO T2 P
IE<C sum 31.38(18.25) 37.25(15.12) .07 52.83(9.77) 36.33(10.78) .02 4057 (18.37) 36.86(12.94) .36
SCL-90DEP! 50.38(17.70) 46.38(15.93) .47 57.17 (11.99) 42,50 (10.71) .01 53.29 (15.36) 44.71(1359) .03
SCL-90 26.00(9.18)  25.00(8.91) 54 34.00(9.82) 27.67(8.34) .045 29.43(9.97) 26.14(8.45) .046
ANX®

0riginally randomized to intervention group.

bOrigi nally randomized to control group, considering T2-T4 measurements (after receiving full access) as TO-T2.

IES: Impact of Event Scale.
dsCL-90 DEP: Symptom Checklist-90 Depression subscale.
€SCL-90 AUX: Symptom Checklist-90 Anxiety subscale.

Actual use measured on the Web corresponded well with
self-reported data by participants. The 19 participants who
completed the WEQ reported a mean Web-based time of 2.83
(2-3 times aweek), with a mean Web-based session time of 36

http://www.jmir.org/2017/6/e204/

min. Participants said they visited the forum and chat most and
information on sex and relations | east often, which corresponds
with the quantitative usage data.

JMed Internet Res 2017 | vol. 19 | iss. 6 [e204 | p.76
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH van Rosmalen-Nooijens et al

Table 5. Participant activity for al active users 224 weeks (n=24). It shows usage data of participants during their first and second 12 weeks on the

Web.
Activity 0-12 weeks 12-24 weeks P value
access access
Mean (SD) Mean (SD)

Total sessions (n)
All ages (n=24) 16 (15.63) <.001
50 (45,57)
Age 12-17 years (n=11) 43 (45.56) 19 (15.29) .05
Age 18-25 years (n=13) 55 (46.72) 13(15.89) .001
P 54 32

Session duration

minutes
All ages (n=24) 27 (14.12) 23 (14.37) 35
Age 12-17 years (n=11) 31(13.46) 24 (14.14) .32
Age 18-25 years (n=13) 24 (14.36) 21 (15.00) 71
P .23 .59

Chat per session
All ages (n=24) 0.54 (0.28) 0.61 (0.34) .16
Age 12-17 years (n=11) 0.73(0.21) 0.69 (0.26) 31
Age 18-25 years (n=13) 0.37 (0.22) 0.55 (0.40) .04
P <.001 34

Forum per session
All ages (n=24) 0.69 (0.32) 0.65 (0.38) 56
Age 12-17 years (n=11) 0.59 (0.35) 0.49 (0.45) .09
Age 18-25 years (n=13) 0.78 (0.27) 0.79 (0.24) 86
P 15 .06

Chat and/or Forum per session
All ages (n=24) 0.91 (0.12) 0.91 (0.15) .99
Age 12-17 years (n=11) 0.95 (0.06) 0.91 (0.09) 18
Age 18-25 years (n=13) 0.89 (0.15) 0.91 (0.19) .66
P 21 .98

Information per session
All ages (n=24) 0.10 (0.09) 0.05 (0.07) .02
Age 12-17 years (n=11) 0.11 (0.11) 0.05 (0.07) .09
Age 18-25 years (n=13) 0.09 (0.07) 0.05 (0.08) 12
P .64 .78

Ask-the-Expert per session
All ages (n=24) 0.05 (0.05) 0.05 (0.11) 91
Age 12-17 years (n=11) 0.06 (0.06) 0.04 (0.07) 27
Age 18-25 years (n=13) 0.04 (0.04) 0.06 (0.14) .60
P .33 .65
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Acceptability

Results from the baseline GQ and WEQ show that first
impressionsof FtV were positive—participantswere enthusiastic
(47%, 9/19) or felt that FtV was made especialy for peoplein
their own situation (32%, 6/19). At TO, “contact with fellow

sufferers’ was said to be both the most important wish and the
most important need for their participation in FtV, followed by

“someone listening without taking action right away.”
“Gathering information” and “ receiving support or advice” were
other frequently named wishes, also expressed as need.
“Receiving help from Web-based health care providers’ was
indicated third most expressed wish for FtV but was not named
as a need. Asked to goals, both in open and multiple-choice
guestions, the same 5 categories were named as most important

(Table 6, Q1).
Table 6. Qualitative quotes by participants and community managers.

Question num-  Participant number  Age  Source Quote

ber

Q1 290 19 GQ? Giving peopleinformation and helping or supporting. And chatting with people who have
gone through the same en by doing this helping each other.

Q2 209 20 WEQb Keep up the good work. | wish there were more people like you guys.

Q3 204 24 WEQ | think the website is super, good initiative. You can find good and clear information.
For me though | am not feeling areal connection or click with the others, which | think
is because of the age difference. | pity that.

Q4 241 17 WEQ The professional and the other participants answer your questions directly and help you
immediately, and it feels like arelieve when you had a conversation like that.

Q5 207 21 WEQ | don't think thisis relevant, sex has, to my opinion, not always something to do with
domestic violence. Sometimes it seems that, if it concerns adolescents, there always has
to be a part about sexual education

Q6 228 17 WEQ | feel safe because there is an emergency exit and your contact details are being stored,
so when you really need help they can help you and they answer your questions person-
aly.

Q7 209 20 WEQ The Community Manager is very committed and gives you awarm fegling. | am not
scared at al that she will tell anybody or forces me to do anything (which | know from
my own experience).

Q8 CcM®1 51 CM report A strength of FtV is the time for participants to build atrusting relation and | fear thisis
not possible with a student.

Q9 CM3 26 CM report | feel that FtV works, because it is not seen as healthcare by the participants, being not

linked to any kind of organisation (...) thus feeling safe.

3GQ: general questionnaire.
bWEQ: Web evaluation questionnaire.
°CM: community manager.

Whereas support and information were very important, direct
action was less asked for: Only one in five participants wished
the violence at home would stop because of their participation
and no participants identified it as a need. “Stopping the
violence” (21%, 4/19) and “getting someone to receive help
from a health care provider” (16%, 3/19) were chosen least
often as goals of FtV.

After being on the Web for 12 weeks, participants expressed
mostly joy about the existence of FtV (58%, 11/19) but only
16% (3/19) felt FtV had aready helped them solve their
problems. FtV was rated a mean score of 7.47 (range 6-9) on a
1-10 Likert scale (Q2, Q3). Overdl, content, language, structure,
user interface, and layout were rated good. Guided chat (42%,
8/19) and forum (37%, 7/19) were chosen the best parts of FtV
because of the possibility to share stories and ask questions
(Q4). All theme chats were valued positively, including the
professional contact options and information about FV. Least
valued were the unguided chat and informational pages,
especially on sex and relations (Q5).

http://www.jmir.org/2017/6/e204/

Safety

Safety was named second most frequently as need for FtV,
direct after “ contact with fellow sufferers.” All participantssaid
they felt safe, because of the relative anonymity (26%, 5/19);
the emergency exit (21%, 4/19); acknowledgement and
recognition by peers and professionals (21%, 4/19); the
enjoyable, pleasant, and cozy environment (16%, 3/19); the
approach and availability of the CMs (11%, 2/19); reliability
of RtV (5%, 1/19); the technical security protocols (5%, 1/19);
and/or having a safety protocol with contact detailsin case of
participant danger (5%, 1/19) (Q6, Q7).

Seventy-four percent (14/19) of the participants thought that a
personal message with the results of their questionnaireswould
make them feel even safer and 16% (3/19) thought that a better
explanation of the safety protocolsor 1 phone call with the CM
could improve safety. In general, however, participants would
not want more of their details to be known. Parent consent was
perceived negatively.
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I mplementation and Practicality

CMs spent an average of 14 h a week on FtV. A guided chat
lasted amean 100 min, an individual chat, held only in case of
danger or request for immediate help, 70 min. Around 70%
(136/194) of dl contact forms were answered within 36 h, the
remaining 30% (58/194) within the maximum 72 h. All

Table 7. Essentialsfor successful implementation of “Feel the ViBe.”

van Rosmalen-Nooijens et al

emergency messageswere answered within 24 h, mainly within
6 h. CMs were asked to name essentials for success (Table 7).
If these cannot be met, risks indicated concerned mainly harm
for the participant and suboptimal care, but also a risk of
burn-out for the CM, when time investment and commitment
aretoo high.

General essentials?

Community manager characteristics”

Unrestricted access to the Internet for community managers
Unrestricted access to the internet for participants

Safety protocols to handle the variety of problems and participants

Computer and Internet skills
Trained in giving Web-based support and help
Trained in assessing safety during Web-based communication

24/7 availability in case of emergency (ICE) from pool of community Flexibleand ableto adapt quickly in time, nature, and language of help provided

managers

Colleagues to discuss participants’ situation

8Community managers were asked to name elements essential for FtV.

bCommunity managers were asked to identify personal characteristics of community managers essential for FtV.

An estimation of costs of development, execution, and future
implementation was made calculating the costs from 2012 to

2014 (Table 8). Costs were calculated using actual costs for
2012, 2013, and 2014 (mean score is given when applicable).

Table 8. Estimation of costs for implementation of “Feel the ViBe.” Costs were calculated using actual costs for 2012, 2013, and 2014 (mean score is

given when applicable).

Category Necessity Costs (US $) Recurrent?
Intervention Development only? 50,000 One-time only
Mobile app Optional 10,000 One-time only
Hosting, security, and updates Essential 12,000 Yearly
Internet, mobile and office resources, Essential® 2000 Yearly

for example, computer, mobile phone, subscriptions.

Sdary costs: Essential &9 48,000 Yearly
community manager (20h/week), coordinator (8h/week)

Professionals on consultation base Essential 6000 Yearly

3Adaptation will cost about 10-25% of development costs, depending on need for translation.

BCosts based on minimal ly needed resources.

CCosts are calculated for Dutch salary norms, meaning that the actual costs can vary across countries depending on the salary norms.

dcosts could be lowered usi ng trained volunteers or medical students.

CMs agreed that their work might be done by a student or
volunteer with abackground in health care, although they feared
that the continuity of care would be endangered (Q8). Above
that, they felt that the strain on personal life and the risk to
become too personally involved were rather high.

Toidentify the position of FtV within the current field of health
care, we asked participants in the baseline GQ to identify all
possible sources of help when encountering FV. The mentor
(73%, 29/40) and the school counselor (60%, 24/40) were the
most named persons. The family physician was the most
well-known health care provider—55% (22/40) knew how to
get help there. One third of the participants did not know they
could ask for help at the national emergency lineand the police.
At baseline, 18 participants received another form of health
care, being mostly informal care from a mentor (15%, 6/40) or
school counsdlor (13%, 5/40), or formal carefrom apsychologist

http://www.jmir.org/2017/6/e204/

(10%, 4/40). After the first 12 weeks of the intervention, 24
participants filled out the follow-up GQ. Two-thirds of them
(15/24) started regular health care: mental health care (10/15),
general practice (1/15), counselor or mentor (4/15), youth care
(2/15), other Web-based help (2/15).

CMs agreed that FtV should be integrated within public health
care or as part of the national services for FV and child abuse
instead of existing health care institutions: they feared limited
availability and accessibility, lack of anonymity, legal rules
and/or regulations, and insurance requirements. CMs thought
this would lower fedlings of safety and enlarge the threshold
for participation (Q9).
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Discussion

Principal Findings

AYAs exposed to FV need health care in an early phase to deal
with the consequences of this exposure. FtV was developed as
a low-threshold, Internet-based, self-support intervention to
provide AYAs exposed to FV with (peer) support and
information, to lower the threshold to regular health care for
those who need this. This study investigated first, the efficacy
of FtV and second, thefeasibility of FtV using a mixed methods
approach. To our knowledge, we are the first to use this
approach for the evaluation of an eHealth method in the field
of FV. No strict conclusions on efficacy could be drawn as the
participant rate was rather low. We conclude that the
acceptability for FtV, including satisfaction and safety, was
good. In the following paragraphs we would like to highlight
some of the most important findings.

Effectiveness

Overall wefeel that FtV isasuitable and satisfying intervention
for the target group. However, in asmall population with large
differences in characteristics, it is difficult to find meaningful
effects. Besides, we did not reach the sample size (17 instead
of 18 participants). In our study sample, mean scores at baseline
were very high, indicating a potential post-traumatic stress
disorder in almost all participants. Intervention participants
worsened in their scores before improving to levels above their
start level. Control group participants showed the other way
around. Further research exploring possible explanations is
needed: One could hypothesize that control group participants
improve because they are happy to have sought help, stepping
up to ahigher level of change, whereasintervention participants
become aware of their situation and the abnormality of it.
Depressive thoughts could increase as well as anxiety out of
fear for the consequences of seeking help for their situation.

Overall, it iswell known from literature that AYAs exposed to
FV suffer from mental health problems, comparable with being
avictim of child abusethemselves|[6,8,25,80-82]. Treating this
may take much longer than 6 or 12 weeks. Considering that,
results indicating that SCL-90 ANX and DEP scores improve
significantly within the second 6 weeks of access are promising.
The subjective effect is high: participants feel helped by their
participation and two-thirds of all participants started other
health care while being a participant of FtV. Therefore, wethink
that FtV is a promising intervention, although future research
should study prolonged effects over time.

Stages of Change

Characteristics of participants registering for FtV are diverse.
All participants were exposed to FV. Fifteen participants were
not only exposed but also a victim themselves, which is in
accordance with literature [4]. Wishes, needs, and goals,
however, are quite uniform and mainly directed at support,
information, and safety, which is in line with other studies
[28,30,31,33,83-86].

Aswe described in theintroduction, we used the transtheoretical
model of behavior change of Prochaska and Di Clemente [24]
to categorize potential participants of FtV and hypothesized

http://www.jmir.org/2017/6/e204/

van Rosmalen-Nooijens et al

that most of them would be in a precontemplation phase,
whereas regular health careis mostly directed at participantsin
an action phase. Results show us that the bounce rate is
relatively low, meaning that many visitors visiting FtV want to
know more about the subject. However, only asmall part of the
visitors to the public website of FtV send a contact form. This
corresponds with a precontemplation phase; recognizing that
their situation at home is different, participants in this phase
might be looking for information only. Thiscould beatoo early
phaseto participatein FtV. Therefore, it isimportant to optimize
access to FtV by extending both the public part of the
intervention and Google optimization. Participants who send a
contact form, use their login, and give consent might be one
step further than what we hypothesized: in the preparation or
planning phase. Participants in this phase are thinking about
how to change their situation and are ready to take action in the
near future. For them, is it important to lower the threshold to
start their participation as far as possible; questionnaires and
other obligated parts could hinder participantsin this still early
phase of change. Of the 57 participants who gave consent, only
40 participants completed their baseline questionnaires and 28
participants became active users. Therefore, interventions that
mainly support participantsin (precontemplation and preparation
phases should focus first on safety and second on support and
advice. A major pitfall in these phases is intervention
requirements which enlarge the threshold for continued
participation. In our target group for example, the safety
protocol, including the contact person, could have enlarged the
threshold for participation.

Attrition

eHealth interventions have to cope with the law of attrition:
high levels of nonusage and dropout, which can be as high as
80-90% [61]. Considering these percentages, drop out for FtV
is relatively low, with one-third of the participants still active
after 36 weeks. Attrition can partly be explained by the stages
of change model, but it is also important to identify possible
other factors influencing nonusage and dropout since this
influences the feasibility of the intervention. The threshold for
participation in FtV was made as low as possible without
compromising safety. However, alow threshold to participation
and easy enrolment could lead to high dropout, as users fully
realize the consequences of their participation only after they
start participating. More strict information, personal contact
(telephone, face-to-face), and making participants pay for their
participation, all decrease nonusage and dropout attrition but
also increase the threshold, which does not fit the early stage
of change of most participants.

Another important factor in this study could be expectation
management. Only after randomization and consent participants
could see the intervention content and layout. Looking at the
wishes and needs indicated by the participants, encountering
others is very important. Finding out that there are not many
participants in your first visit could lead to nonusage and
dropout, meaning that new participants encounter the same
problem again. We tried to solve this problem by giving the
CMs moretimeto be on the Web and participate in discussions
and chatsin the first months of FtV.
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Personal contact lowers dropout attrition rate. As FtV focuses
on (peer) support from CMs and participants, this could have
lowered the dropout attrition rate.

eHealth and Violence

Especially in this target group, that values safety besides peer
support as most important need for participation, the advantages
of an eHedlth intervention are numerous. Due to its nature, it
is easier to conserve anonymity and safety, lowering the
threshold for participation. It is flexible and accessible. The
participantslived in alarge geographical range, and more often,
they had difficulties visiting other health care institutions
because they had to use public transport and needed money to
do that. Being able to include participants from a large
geographical range means that it is easier to collect enough
people to give adequate support and to be economically
profitable. Besides, eHealth means not having to explain absence
dueto therapy or other treatment requirements. To our opinion,
thismakes eHealth an ideal method to start health carefor AYAs
exposed to FV.

Limitations

eHealth studies have to deal with a wide range of challenges
and traditional designs may beless suitable for an Internet-based
self-support intervention [87]. Therefore, we chose not only a
traditional RCT design but also an innovative feasibility design
using mixed methods. However, there are limitationsthat should
be considered when interpreting the findings of this study. First,
itisonly possibleto apply the results to femal e participants, as
no mal e participants completed their participation. Only 9 males
applied; none of which completed their questionnaires. The
set-up of FtV, explicitly stating that FtV gives (peer) support
and information, could be more attractive to women. Males may
be less hesitating to find regular health care, having lessfear to
harm family and surroundings. Besides, they are also more at
risk for externalizing behavioral problems, which might need
adifferent approach.

Second, in our study the control group and the intervention
group differed on their baseline measurements. There could be
several explanations for this finding. Due to the nature of this
study, participants knew their group when starting to fill out
the questionnaires. Participants in the control group may have
felt let down or could have wanted to show their need for
participation. It could also mean that less severe affected
participants don’t start the waiting list because their problems
are not severe enough. The groups did not differ on depression
and anxiety at TO.

A limitation is the fact that, due to safety protocols and
according to protocol, control group participants received
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mMEUC, meaning that they could send an emergency message
when they felt they needed this. Although in none of the cases
there was actual danger and all messages were handled
according to protocol, we till feel that participants may
experience these short contacts as support, thus influencing
results.

Implications and Recommendations

FtV is a promising intervention. Future research should focus
on larger samples and investigate the optimal intervention
duration.

We found that the role of the CM is very important. The CM
supports, informs, and motivates, thus functioning as a coach
around the clock. However, in the design of FtV, the CM was
only intended to monitor, support, and inform from the
background. Therefore, further research should investigate the
position of the CM in a qualitative manner.

As we concluded that eHealth seems an adequate method to
provide AYAs exposed to FV with care, we recommend further
research to study eHealth in other groups coping with violence.
One could expect resultsto be similar, although Internet literacy
and access could be limiting potential effects.

FtV can be easily implemented without extensive resources.
Nevertheless, implementing FtV within an existing health care
organization, could lead to an enlargement of the threshold, or
a situation in which participants who need more care are not
always referred to the best health care option because of
incomplete knowledge or strategy of the implementing
organization. Therefore, we fed that FtV, when implemented,
should be in the field of public health care or national
governmental care, to providethelowest possible threshold and
long-term sustainability. FtV functions, to our opinion, best as
afirst step for AYAs in an early stage of change to get them
ready for action and to fill the gap between exposure to FV and
starting regular health care to stop violence and treat the
consequences.

Conclusions

Based on the available data, we conclude that preset goals for
FtV, that is, peer support, giving information, and support in
finding regular health care, have been met, making FtV a
promising intervention. Reaching back to the stages of change
model, we feel that participants who are in a preparation stage
benefit best from FtV in gathering information and receiving
support, maximizing safety, and minimizing external control.
FtV may help them to move on to the action stage, get ready to
start regular health care treatment, or discover that they do not
need more help as FtV provides them with sufficient support.
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Abstract

Background: Depression is highly prevalent in the working population and is associated with significant loss of workdays;
however, access to evidence-based treatment is limited.

Objective: This study evaluated the effectiveness of a Web-based intervention in reducing mild to moderate depression and
sickness absence.

Methods: In an open-label randomized controlled trial, participants were recruited from alarge-scal e statutory health insurance
and were assigned to two groups. The intervention group had access to a 12 week Web-based program consisting of structured
interactive sessions and therapist support upon request. The wait-list control group had access to unguided Web-based
psycho-education. Depressive symptoms were self-assessed at baseline, post-treatment, and follow-up (12 weeks after treatment)
using the Patient Health Questionnaire (PHQ-9) and Beck Depression Inventory (BDI-I1) as primary outcome measures. Dataon
sickness absence was retrieved from health insurance records. Intention-to-treat (ITT) analysis and per-protocol (PP) analysis
were performed.

Results: Of the 180 participants who were randomized, 88 completed the post-assessment (retention rate: 48.8%, 88/180). ITT
analysis showed asignificant between-group differencein depressive symptoms during post-treatment in favor of theintervention
group, corresponding to a moderate effect size (PHQ-9: d=0.55, 95% CI 0.25-0.85, P<.001, and BDI-II: d=0.41, CI 0.11-0.70,
P=.004). PP analysis partially supported thisresult, but showed a non-significant effect on one primary outcome (PHQ-9: d=0.61,
95% CI 0.15-1.07, P=.04, and BDI-Il: d=0.25 95% CI -0.18 to 0.65, P=.37). Analysis of clinical significance using reliable
change index revealed that significantly more participants who used the Web-based intervention (63%, 63/100) responded to the
treatment versus the control group (33%, 27/80; P<.001). The number needed to treat (NNT) was 4.08. Within both groups, there
wasareductioninwork absence frequency (IG: —67.23%, P<.001, CG: —-82.61%, P<.001), but no statistical differencein sickness
absence between groups was found (P=.07).

Conclusions: The Web-based intervention was effective in reducing depressive symptoms among adults with sickness absence.
Asthistrial achieved alower power than calculated, itsresults should bereplicated in alarger sample. Further validation of health
insurance records as an outcome measure for eHealth trials is needed.

Trial Registration: International Standard Randomized Controlled Triad Number (ISRCTN): 02446836;
http://www.isrctn.com/ISRCTN02446836 (Archived by WebCite at http://www.webcitation.org/6jx4SObnw)
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Introduction

Depression is highly prevalent in the working population [1].
It is estimated that over the course of one year, up to 26.7% of
adults experience depressive symptoms and about 8.9% fulfill
al criteria for a depressive disorder [2]. The resulting
impairment and functional disability posesasubstantial burden
for the affected individual as well as the economy. Depressed
employees have higher health care costs than those without
depression [3,4], which in Europe contribute to atotal estimated
cost of 118 billion Euros per year [5].

Depression is linked to a high loss of work days [6]. In
Germany, depression isamajor driver of sickness absence and
produces higher durations of sickness absence than other
diagnoses of mental disorders [7]. When employees return to
work after a depressive episode, distress often remains and
performance is reduced [8,9]. Therefore, maintaining work
capacity should be an important goal of clinical interventions.
However, health promotion interventionstargeting occupational
health in employees with depression have been developed with
mixed results[10-13]. Accessto treatment remainslimited, and
the existing personal and structural barriers prevent those
affected by depression from seeking timely, evidence-based
help [14-16].

Web-based interventions are a promising tool to overcome the
treatment gap in depression [17]. While generally using similar
techniques as face-to-face therapy, such interventions are
commonly delivered through websites and allow participants
to access content at any time and work through lessons at their
own pace. Web-based interventionsvary in thelevel of therapist
support [18], from entirely self-help to guided formatsincluding
regular therapist contact (eg, feedback via email). The
advantages of Web-based interventions are their accessibility,
a low threshold for help-seeking, relative anonymity, the
patients' active role in (guided) self-help, and their low costs.
However, in studies comparing Web-based interventions to
usual care, risks associated with the dissemination of Web-based
interventions have been reported as well [19,20]. Among the
working population, Web-based interventions could especially
benefit those who do not want to seek regular treatment because
of negative perceptions of mental ill-health at the workplace.

The effectiveness of Web-based interventions in reducing
depressive symptoms has been demonstrated repeatedly, but
effect sizes vary considerably across studies [21-23]. For
example, in the 19 studies that were included in the
meta-analysis by Richards and Richardson [21], depression
improvement in comparison with a control group ranged from
no effect (d=-0.03) to strong effects (d=1.43). This
heterogeneity makes it necessary to evaluate the interventions
separately. Methodol ogically, weak control groups (eg, wait-list
control instead of active control groups) and failure to employ
intention-to-treat principles lead to an overestimation of the

http://www.jmir.org/2017/6/e213/

treatment effect [24]. Web-based interventions for depression
have been studied among different clinical populations in
Germany [25-29] but, to the best of our knowledge, no studies
have yet focused on a Web-based intervention among a
population with sick leave due to depression.

Participant self-reports are the primary outcome measure of
eHedlth trials. However, the lack of independent outcome
assessments and the solereliance on self-report measureslimits
thisevolving field. For example, areport on the methodol ogical
quality of randomized controlled trials of Web-based
interventions concluded that an increased use of independent
outcome measurements is needed to improve the validity of
efficacy studies[24]. To date, few studies employ independent
outcomes and such attempts are limited to observer ratings of
symptoms and do not extend to objective behavioral
measurement of work absenteeism [30-32]. Thelack of objective
sickness absence measurements in research on Web-based
interventionsis surprising because sickness absenceisfrequently
used as an integrated measure of health in other fields[33].

This study examined the effectiveness of a guided Web-based
intervention in reducing depression and sickness absence among
ahigh-risk population using both self-assessed depression and
sickness absence assessments from health insurance records.
We hypothesized that the Web-based intervention would be
more effective in reducing depressive symptoms and sickness
absence than the control group.

Methods

Study Design

This was a two-armed open-label randomized controlled trial.
Participants were randomly assigned to either the intervention
group (1G), with access to the guided Web-based intervention,
or the wait-list control group (CG), with access to unguided
Web-based psycho-education.

We used a computerized block randomization procedure
(allocation ratio 1:1, block size 10). The researcher conducting
the randomization had no information about the participants
apart from their 6-digit codes and did not participate in the
enrollment and assignment of the participants to study groups,
which was handled by two different researchers. Outcome
variables were assessed at baseline (TO) and 12 weeks after
randomization (post-treatment, T1). In addition, a follow-up
measurement was assessed 24 weeks after randomization (12
weeks after treatment, T2). Sample size calculation was based
on expected between-group differences at follow-up. G* Power
was used for sample size calculation [34]. First, we assumed a
power of 0.80, an aphalevel of 0.05, and a small to medium
effect size (d=0.3), which results in N=357 to perform a
two-sided t test for differences between two independent means.
Second, adding 20% attrition rate at inclusion, post-assessment,
and follow-up, we calculated that N=608 participants needed
to be enrolled.
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The study was approved by the ethical review board at L euphana
Universty of Liineburg. The study was registered retrospectively
on February 1, 2013, under the International Standard
Randomized Controlled Trial Number ISRCTNO02446836;
http://www.controlled-trials.com/| SRCTN02446836. Despite
retrospective registration, no participants were enrolled before
registration.

Recruitment

Participantswere recruited from alarge-scale German statutory
health insurance between January 2013 and April 2014, with
the first participant enrolled in February 2013. We recruited
members from Kaufmannische K rankenkasse (KK H), astatutory
health insurance company with about 1.8 million members
nationwide. First, to identify participantswho were at high risk
for sick leave due to depression, insurance members were
screened for previous diagnosis of depression (International
Classification of Disease codes F32.0, F32.1, F33.0, F33.1, and
F34.1), previous sickness absence due to depression, and current
sickness absence. Second, the study team sent an invitation
letter to all positively screened insurance members along with
study information, the informed consent form (see Multimedia
Appendix 1), and a 6-digit code to login into the platform.
Adults with a previous episode of mild to moderate depression
(International Classification of Disease codes F32.0, F32.1,
F33.0, F33.1) or dysthymia (F34.1) were included to avoid
giving less intensive treatment than necessary. Before
registration on the platform, a screening for exclusion criteria
was performed. Participants with a score of =20 on the Patient
Health Questionnaire (PHQ-9), indicating severe depression,
were excluded. A second exclusion criterion was suicidality as
measured by one item on the presence of suicidal thoughts. All
participants had unrestricted accessto treatment asusual during
the study period, including accessto the treatments and services
which aretypicaly availablefor depression in the German health
care system (eg, psychotherapy and medication).

Intervention

The Web-based intervention “ HelpI D” isa 12-week, Web-based
program based on cognitive-behavioral therapy, awareness
training, and systemic counseling. The program was structured
into 12 weekly sessions. Each lasted 30 to 45 minutes and
included interactive elements, videos, and audiosthat explained
depression-related themes (eg, symptoms and course) as well
as graphs, illustrations, exercises, and guidance for awvareness
and relaxation. Each session was available one week after
completing the prior session. Participants received weekly
reminder emailswhen anew session was available. The program
had a guided format with therapist contact upon request, that
is, psychologists (bachelor level or higher) trained in the
i ntervention approach provided feedback viaemail or telephone.
The intervention was developed by a team of clinica
psychologists headed by Dr Despina Lion, a clinical
psychol ogist and therapist with extensive experiencein systemic
counseling, cognitive-behavioral therapy, and neurological
psychology. It is accessible online [35] (see Multimedia
Appendix 2). Since July 2016, the copyright of “HelpID” is
owned by IVPNetworks GmbH, a private integrated care
company. The intervention is commercially available to single
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users and is included in health care plans of statutory health
insurances.

The intervention's psychological approach includes
cognitive-behaviora therapy, mindfulnesstraining, and systemic
counseling. During the development process, current research
evidence on the respective therapies was used as the basis, and
special emphasis was placed on a “person-based” approach,
focusing on the perspectives of the people who would use the
intervention. Cognitive-behavioral therapy is the most
extensively researched psychological treatment approach in
Web-based interventions [36]. From cognitive-behavioral
therapy, the intervention used elements of cognitive
restructuring, with an emphasis on dealing with negative moods
and automatic thoughts, as well as exercises for behavioral
activation. Mindfulness training has been used increasingly in
psychotherapy over the past years. It was shown to be effective
for depressive symptoms and can be adapted to online formats
[37,38]. The intervention module on mindfulness engages the
user in exercisesto observe the self and to practice mindfulness
indaily situations. Systemic counseling is atherapeutic approach
that highlightsthe social context surrounding theindividual and
itsresources[39]. Specifically, systemic questioning techniques
and instructions were employed to make use of the participants
social support. Systemic principles were presented in specific
weekly sessions, while homework exercises on systemic therapy
encouraged the participants to adopt a systemic viewpoint and
behavior change in their everyday interactions.

Control Group

The control group was a wait-list plus psycho-education
condition. During the 12-week study period, participants had
access to text-based information on the nature of depression
and its symptoms and treatment. The psycho-education content
was developed by a team of trained psychologists (bachelor
degree or higher) and was based upon scientific literature on
depression (eg, the German S3-Guideline) [40]. This type of
control condition was chosen because more active control groups
(ie, psycho-education) are considered to be more
methodologically valid than passive control groups (ie, wait-list
conditions) [24]. There is evidence that psycho-education can
reduce depressive symptoms and serve as an initia treatment
in primary care [41]. The control group did not have access to
therapist guidance. Participants were eligible to access the
intervention after study completion, if they requested access.

Outcomes

The primary outcomes were self-assessed depressive symptoms
with the Patient Health Questionnaire (PHQ-9) and the Beck
Depression Inventory (BDI I1). The PHQ-9 measured the
severity of depressive symptoms over the preceding 2 weeks,
resulting in a score between 0 to 27 points with higher values
indicating more severe depression [42,43]. The PHQ-9 was
shown to have good reliability and construct validity [42]. The
BDI Il uses 21 items to measure depression severity [44,45].
The BDI Il showed good psychometric properties in
German-speaking samples in regard to internal consistency,
retest-reliability, and construct validity [46]. As a secondary
outcome, quality of life was assessed using the Manchester
Short Assessment of Quality of Life(MANSA) [47]—al12-item
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scale rating the participants satisfaction with different life
domains. The MANSA hasbeen validated in a Swedish sample
and showed satisfactory internal consistency and construct
validity [48]. User satisfaction was measured at post-assessment
using the item “Overall, how satisfied are you with the
program?’ with four answer options: 1=very good, 2=good,
3=satisfactory, and 4=poor.

Information on work absenteeism was retrieved from health
insurance records. In the German health care system, such
standardized health data is collected routinely. Its primary
purposeis cost reimbursement and quality assurance, but it can
be made available for secondary analysis. Due to the routine
data collection, health insurance records are assumed to have
high ecological validity. We matched health insurance records
from KKH health insurance with participants data using a
6-digit participant code as identifier. The code was generated
for each positively screened insurance member and was also
used for registration on the study platform. We analyzed
sickness absence data that covered the 90 days before
randomization (baseline) and 90 days after intervention
(post-assessment). Three sickness absence measures were
constructed according to Hensing et al [33]. First, the number
of persons who were absent at least once, second, absence
frequency as the number of times a person was absent during
the 90 day period irrelevant of duration, and third, absence
duration as the total number of absence days during the 90 day
period. Sickness absence data was not diagnosis-specific.

Statistical Analysis

Statistical analysiswas performed on anintention-to-treat (ITT)
basis according to the recommendations in the CONSORT
statement [49] and its adaption for eHealth trials [50] (see
Multimedia Appendix 3). Missing data at post-treatment was
imputed using the Markov Chain Monte Carlo multiple
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imputation (missing data module in IBM SPSS version 22),
where 10 estimations per missing value were specified and,
besides the outcome variables, group assignment was included
as an additional variable. Under the assumption that data is
missing at random, multiple imputation was considered suitable
to produce more precise estimates of the trueintervention effect
than other imputation methods, that is, last observation carried
forward [51]. In addition, per-protocol (PP) anaysis was
performed to examine the robustness and sensitivity of the
findings when including only participants who completed the
post-assessment. t tests were used to determine differencesin
baseline characteristics and for within-group differences. The
differencein theintervention outcomes between theintervention
group and the control group at post-treatment was estimated
using analysis of covariance (ANCOVA) with baseline scores
as the covariate. Cohen d was calculated as a measure of the
effect size, using pooled standard deviations [52]. For the
between-group effect sizes, Cohen d was computed from the
mean differences.

To assessclinical significanceon anindividual level, thereliable
change index (RCI) was computed for the PHQ-9 [53].
Cronbach alpha=.89 from Kroenke et a [42] was used as an
estimate of thereliability of the PHQ-9, along with pre-treatment
standard deviations from the current study. Participants were
classified as “responders’ if they displayed a reliable positive
change, or as“ deteriorated” if they displayed anegative change
on the RCI. A reliable positive change corresponds to less than
-1.96 on the RCI and a change of PHQ-9 pointsto greater than
-4.05. A reliable negative change correspondsto lessthan —1.96
on the RCI and a change in PHQ-9 pointsto greater than 4.05.
Finally, the number needed to treat (NNT) [54] was computed.

All analysis was performed using Stata 13. The reported P
values are two sided and in the 95% CI.
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Figurel. Study flowchart.
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Completed asscssment (n=44)
Lost to follow up (n= 56)

Completed assessment (n=31)
Lost to follow up (n=69)

V

Included in Intention-to-treat
analysis (n=100)

Results

Participant Characteristics

Figure 1 shows the flow of participants through the study. The
complete pool of insurance members was screened, which
resulted in 3929 positively screened insurance members who
were subsequently invited to participate. Of those, 180
responded, met theinclusion criteria, provided informed consent,
and were randomized. Of the 180 participants, 88 completed
the post-assessment after 12 weeks (retention rate: 48.8%,
88/180), and 58 completed the follow-up assessment after 24
weeks (retention rate: 32.2%, 58/180). To estimate achieved
power, apost-hoc power analysiswas conducted. Thisrevealed
that with the sample of 180 participants, the achieved power to
detect an effect of d=0.3 was 0.51.

Baseline characteristics between participants who completed
the post-assessments and those who werel ost to follow-up were
tested for differences. Older participants (PHQ at T1: P=.02,
BDI at T2: P=.03) and participantswith higher education (PHQ
at T1: P=.03, BDI at T2: P=.04) were more likely to complete
the post-assessment on the primary outcome and the follow-up
assessment. Participantswho were not in psychotherapy during
study enrollment were more likely to complete post-assessment
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(n=80)
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Lost to follow up (n=36)

Completed assessment (n=27)
Lost to follow up (n=53)

v

Included in Intention-to-treat
analysis (n=80)

on one of the primary outcomes (BDI at T1: P=.04) and the
follow-up assessment (BDI at T2: P=.04) as compared with
participants who were on awaiting list or in psychotherapy at
enrollment. No other relevant differences between those who
completed the post-assessments and those who were lost to
follow-up were found.

Table 1 shows the participant characteristics at baseline.
Participants had an average age of 48 years and were
predominantly femal e (68%). The majority were married or had
a partner (56%) and had completed secondary education or
higher (85%). About half of the sample was working full-time
(51%) and another 27% were working part time, while 20% of
those working had an executive position. About one-fifth (21%)
were not working. The majority had experienced a previous
depressive episode (51%) or reported to have chronic depression
(30%). During study enrollment, half of the participants were
prescribed with depression medication (50%), 26% were in
psychotherapy, and 13% were on a psychotherapy waiting list.
Of the total number of enrolled participants, 43% had a sick
leave certificate at the time. The mean baseline depressive
symptoms in the sample were 11.10 points on the PHQ-9
(SD=4.45), indicating moderate depression. No clinically
relevant differencesin termsof any baseline characteristicswere
found, and we concluded that randomization was successful.

JMed Internet Res 2017 | vol. 19 | iss. 6 [e213 | p.91
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Participant characteristics at baseline.
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Characteristic Intervention group ~ Control group Total sample P value
n=100% n=80 n=180
PHQ-9 Score, mean (SD) 11.53 (4.35) 10.56 (4.53) 11.10 (4.45) 15
Age, mean (SD) 47.01 (10.36) 48,66 (11.59) 47.74(10.92) 31
Gender, n (%)
Male 34(34.0) 23(28.7) 57 (31.7) 45
Female 66 (66.0) 57 (71.3) 123 (68.3)
Relationship, n (%)
Single 24 (24.0) 18 (22.5) 42 (23.3) 93
Married/Partner 56 (56.0) 46 (57.5) 102 (56.7)
Divorced/Separated 15 (15.0) 14 (17.5) 29 (16.1)
Widowed 5(5.0) 2(2.5) 7(3.9)
Education, n (%)
Low 13(13.3) 13(16.2) 26 (14.6) 38
Middle 63 (64.3) 42 (52.5) 105 (59.0)
High 22 (22.4) 25(31.3) 47 (26.4)
Employment, n (%)
Full-time 51 (52.0) 39 (50.6) 90 (51.4) 41
Part-time 30 (30.6) 18 (23.4) 48 (27.4)
Not working 17 (17.3) 20 (26.0) 37(21.2)
Executive position, n (%)
Yes 20 (22.0) 13 (17.6) 33(20.0) 48
No 71(78.0) 61 (82.4) 132 (80.0)
Previous depronb ,n (%)
None 18 (18.0) 14 (17.7) 32(17.9) 53
Episodic 54 (54.0) 38 (48.1) 92 (51.4)
Chronic 28 (28.0) 27(34.2) 55 (30.7)
Depression medication, n (%)
Yes 53 (53.0) 36 (45.6) 89 (49.7) 33
No 47 (47.0) 43 (54.4) 90 (50.3)
In psychotherapy, n (%)
Yes 30(30.0) 16 (20.3) 46 (25.7) 15
No 57 (57.0) 52 (65.8) 109 (60.9)
Waiting List 13 (13.0) 11 (13.9) 24 (13.4)

8All values (except for P values) are mean (SD) or n (%).

bOriginaJ item: “Did you have these symptoms for the first time?’ Answer options: 1. “Yes,” 2. “No; | had one or multiple episodes,” 3. “No; the

symptoms last for several years.”

I nter vention Effectiveness

Table 2 shows the mean scores, standard deviations for the
intervention outcomes at baseline and at post-assessment, effect
sizes, and statistical significance, based on the intention-to-treat
sample (imputed data). A significant between-group difference
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in favor of the intervention group was found for the PHQ-9
(F1179=15.06, P<.001), which corresponds to a medium effect
size (d=0.55, Cl 0.25-0.85). For those in BDI-II, a significant
between-group difference at post-treatment was found
(F1,179=8.69, P=.004), which corresponds to a moderate effect
size (d=0.40, CI 0.10-0.70).
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Table2. Means, standard deviations (SD), effect sizes, and statistical significance for intervention outcomes based on intention-to-treat sample (imputed

data).
Outcome Mean (SD) Effect Size® Statistical Significance?
Baseline (TO) Post-assessment (T1) Difference (TO-T1) Cohend (95% Cl) F Vaue P vaue

PHQ-9
Intervention 11,53 (4.35) 6.51 (2.87) -5.02 (3.62) 055(0.25085) 1506 <001
Control 10.56 (4.53) 7.76 (3.63) ~2.80 (4.42)

BDI-I 1
Intervention 20.07 (7.99) 13.55 (6.46) -6.17 (6.39) 0.41 (0.11-0.70) 8.69 .004
Control 18.78 (9.84) 1552 (8.62) ~356 (6.68)

MANSA
Intervention 327 (0.72) 3.50 (0.67) 0.14 (0.71) 0,12 0.72 39
Control 3.30 (0.85) 3.44 (0.70) 0.22 (0.55) (-0.17t0 0.42)

@Between-group effect size from mean differences.
bBased on ANCOVA controlling for baseline scores (TO).

In addition, both the intervention and the control group showed
reductionsin depressive symptoms as measured by within-group
changes from baseline to post-assessment. In the intervention
group, a mean reduction of 5 points on the PHQ-9 was found
(tgg=14.28, P<.001), which correspondsto alarge within-group
effect size (d=1.42, Cl 1.14-1.71). In the control group, amean
reduction of 2.79 points was found (t,4=5.82, P<.001),
corresponding to a moderate effect size (d=0.65, Cl 0.41-.89).

Inthe per-protocol analysis, wetested for differencesin PHQ-9
scores between intervention completers and noncompleters at
post-assessment. No significant differencewasfound (t;;6=—.28,

P=.78). Table 3 presentsthe results of the per-protocol analysis.

For the PHQ-9, a significant between-group differencein favor
of theintervention group was found among completers (PHQ-9:
F177=8.98, P=.04), corresponding to a moderate effect size
(d=0.61, CI 0.15-1.07). The mean PHQ-9 scores among
completers were reduced by 5.70 points in the intervention
group and by 2.24 pointsin the control group—this corresponds
to a large effect size (d=1.72, Cl 1.23-2.22) and a moderate
effect size (d=0.49, Cl 0.14-0.82) for within-group changes,
respectively. For the BDI-II, the between-group effect failed to
reach statistical significance in the per-protocol anaysis
(F17770.81, P=.37, d=0.25, CI -0.18 to 0.65). BDI-II
within-group changes were significant in the intervention group
(t45=3.68, P<.001) and the control group (t,,=4.70, P<.001).

Table 3. Means, standard deviations (SD), effect sizes, and statistical significance for intervention outcomes based on per-protocol sample (nonimputed

data).
Outcome Mean (SD) Effect Size® Statistical Significance”
Baseline (TO) Post-assessment (T1) Difference (TO-T1) Cohend (95% Cl)  F value P vaue

PHQ-9
Intervention 11.53 (4.35) 6.50 (3.85) -5.03 (3.29) 061(0.151.07) 898 04
Control 10.56 (4.53) 7.95 (4.62) -2.61 (4.61)

BDI-II
Intervention 20.07 (7.99) 14.86 (8.05) -5.21 (7.59) 0.25 0.81 37
Control 18.78 (9.84) 15.32 (10.34) -3.46 (6.32) (-0.1810 0.65)

MANSA
Intervention 3.27(0.72) 3.52 (0.86) 0.25 (0.64) 0.18 0.34 56
Control 3.30 (0.85) 3.42(0.83) 0.12(0.79) (-0.22t0 0.58)

@B etween-group effect size from mean differences.
bBased on ANCOVA controlling for baseline scores (TO).
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Table 4. Work absence indicators at baseline and at post-assessment for 160 participants.

Indicator Baseline (T0)2 Post-assessment (T1) Difference (%) P value
Absence at least once, n (%)
Intervention 75 (85.22) 25 (28.41) -50 (~66.67) <.001
Control 58 (80.55) 12 (16.67) -46 (-79.31) <.001
Absence frequency, mean (SD)
Intervention 1.19 (0.09) 0.39 (0.08) -0.80 (-67.23) <.001
Control 1.15 (0.10) 0.20 (0.06) -0.95 (-82.61) <.001
Absence duration, mean (SD)
Intervention 25.60 (2.03) 24.65 (3.80) -0.95(-3.71) 79
Control 27.69 (2.37) 24.04 (4.36) -3.65 (-13.18) 34

®Baseline and post-assessment cover a period of 90 days each.

Treatment Response

In the intervention group, 63% (63/100) of the participants
showed a reliable symptom change from baseline to
post-intervention and were thus classified as responders. In the
control group, 33% (27/80) were classified as responders. The
difference in reliable symptom change between intervention
and control group was significant (t;75=3.39, P<.001). This
resulted in a NNT of 4.08. One participant in the intervention
group experienced symptom deterioration, and five participants
in the control group experienced symptom deterioration.

Sickness Absence

Information on sickness absenteeism was available for 160
participants (Intervention group: n=88, control group: n=72).
For 20 participants, sickness absenteeism could not beretrieved
from insurance records, and therefore the data from these
participants was unavailable.

Table 4 shows persons who were absent at least once, with
absence frequency and absence duration at baseline and at
post-assessment. The majority of the participants were absent
at least once during the baseline period: |V: 85% (77/85), CG:
80% (58/72). Overdl, significantly fewer participants were
absent at least once during post-assessment (IV: 28%, CG:
16%). The within-group absence reductions were significant
(IV: tg7=6.54, P<.001, CG: t,;=6.17, P<.001).

Regarding absence frequency, participants in the intervention
group were absent on average 1.2 times at baselineand 0.4 times
at post-assessment. In the control group, participants were absent
1.2 times at baseline and 0.2 times at post-assessment. The
within-group reductionsin absence frequency were significant
(IV: tg;=7.49, P<.001, CG: t,,=8.59, P<.001).

Similarly, high absence durations at both baseline and
post-assessment were found. From the 90 days examined at
each time point, participants in the intervention group were
absent from work 26 days at basdline and 25 days at
post-assessment. In the control group, participants were absent
28 days at baseline and 24 days at post-assessment. However,
there were no significant differences in absence duration from
baseline to post-assessment (1V: tg;=.26, P=.79, CG: t;,=.95,

http://www.jmir.org/2017/6/e213/

P=.34). For al three measurements, the between-group
differences at post-assessment failed to reach statistical
significance (absence at least once: F, 15,=.80, P=.37, absence
frequency: F, 159=3.24, P=.07, absence duration: F; 155=.02,
P=.88).

Secondary Outcome

No significant difference in quality of life as measured by
MANSA was found (F; 169=.71, P=.40, d=0.13, Cl -0.21 to

0.41).

Long-term effect

No significant between-group difference for BDI-Il depression
scores at 24-week follow-up was found (F,g=.81, P=.33).
However, significant within-group changes were sustained for
both the intervention and the control group. In theintervention
group, there was a mean reduction from baseline to follow-up
assessment of 5.46 points on the BDI-Il (t4q=6.81, P<.001),
which corresponds to a moderate effect size (d=0.68, Cl
0.46-0.90). In the control group, there was a mean reduction of
4.69 poaints (t;5=4.37, P<.001), corresponding to a small effect
size (d=0.48, Cl 0.26-0.72).

User Satisfaction

87 participants completed the user satisfaction survey at
post-assessment. In the intervention group, 13.6% (6/44) rated
the program overall as very good, 68.2% (30/44) as good, and
18.2% (8/44) as satisfactory. In the control group, 4.6% (2/43)
rated the program as very good, 37.2% (16/43) as good, 34.9%
as satisfactory, and 23.3% (10/43) as poor. Mean satisfaction
scores were 2.04 in the intervention group and 2.76 in control
group. Therewas asignificantly higher mean satisfaction inthe
intervention group (tgs=4.60, P<.001).

Discussion

Principal Findings

This study compared the effectiveness of a Web-based
intervention in reducing depressive symptoms and sickness
absence among adultswith immediaterisk for sickness absence
due to mild to moderate depression. When compared with a
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wait-list plus psycho-education control group, participantswho
used the Web-based intervention showed a significantly greater
reduction in depressive symptoms. However, because of the
low response and high attrition in this study, one primary
outcomedid not reach statistical significance among participants
who completed the intervention (per-protocol analysis) and at
follow-up, only within-group changes were sustained but the
intervention effect was not. In terms of individual clinical
significance, significantly more participantsin the intervention
group responded to the treatment. We used health insurance
records to measure sickness absence and found that sickness
absenteei sm declined in both groups, but there were no statistical
differences in work absence between groups. The achieved
power of this trial was lower than calculated. Therefore, its
results should be replicated in alarger sample.

Comparison With Prior Work

These findings are especially relevant when considering the
increasing impact of mental ill-health on workforces across
industrialized countries [55]. Depression is a significant cause
for workday losses and produces more absence durations than
other mental illnesses. To reduce theillness burden, widespread
access to evidence-based treatment is needed to maintain
workers’ mental health before companies and individuals face
more serious burdens as the illness progresses. In general,
Web-based interventions provide a promising treatment tool
because these interventions can be accessed at any time and at
different locations at the users’ own pace. Due to their relative
anonymity, Web-based interventions may especially benefit
employees with depression who wish to avoid the negative
perceptions of being mentally ill in the workplace. However,
risks associated with the dissemination of Web-based
interventions in the health care system have been reported as
well. According to meta-analysis, the effects of Web-based
interventions vary, making it necessary to evauate each
intervention separately. If Web-based interventions that are
effective in reducing depressive symptoms are more widely
implemented and adopted, a positive impact on the burden and
impairment caused by depression can be expected. It can also
help to overcome the shortcomings of conventional treatment
(eg, waiting lists).

This study contributes to the growing body of research that
supports the effectiveness of Web-based interventions for
depression. Within this research, a critical mass of efficacy
studies is needed to identify subgroups for which these
interventions work [56]. Adults who are at high risk for sick
leave from work due to mild to moderate depression have not
yet been targeted specifically by Web-based interventions. In
terms of effect sizes, previous research has found significant
heterogeneity between studies. This makes it necessary to
evaluate each intervention separately. The effect sizes reported
in this study are comparable to other studies evaluating guided
interventions for depression, including those included in the
meta-analysis by Andersson and Cuijpers [23] where a mean
between-group effect size of d=0.41 is reported. The amount
of therapy guidance that is necessary to increase intervention
effectiveness and adherence remains a subject of debate in the
field of Web-based interventions [18,57]. Considering that this
intervention provided only minimal therapist support upon
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request and achieved similar outcomes to studies with more
intense guidance, we speculate that merely having the option
to contact a therapist during the intervention—uversus regular
therapist contact—is sufficient for the needs of many
participants and works equally well. However, it is possible that
the number of dropouts could have been reduced with regular
guidance. The examination of support preferences was not
within the scope of this study and further research on this subject
is needed.

We found that health insurance records are a suitable outcome
for effectiveness research in Web-based interventions. Both
groups showed reductionsin work absence frequency, however,
no statistical difference in work absence between groups was
found. Several explanations may account for thisfinding. First,
we cannot rule out the possibility that the decline in work
absence frequency over time was caused by regression toward
the mean or spontaneous remission. Our sample was recruited
during a period of high levels of sickness absence, as seen in
the data (see Table 3). Consequently, due to statistical chance,
the frequency of sickness absence tended to approach lower
levels at post-assessment. A healthy control group is needed to
compare baseline levels of sickness absence, which was
unavailable in this study. Second, it is possible that the 90-day
time period in our study was not sufficiently long to
appropriately detect changes in work absence. Previous
population studies on sickness absence due to mental health
problems found a median absence duration of 79 days [58].
Thisindicatesthat sickness absence started or ended outside of
the time period of this study. Similarly, our sample was not
adequately powered to detect small differences in work loss
days. Third, organizational factors (ie, high work demands, job
security) could have influenced work absence in this study.
Unfortunately, we could not measure organizational variables.

To disentangle these explanations, future studies on the effect
of Web-based interventions on work absence should include a
longer time period, information on organizational factors that
may berelated to sickness absence, and work absence datafrom
a healthy control group for baseline comparisons. Integrating
objective behavioral parameters (ie, sickness absence datafrom
health insurance companies) can increase the validity of
effectiveness studies and might be a valuable addition to
self-reported outcome measurements.

Privacy and Data Security

In Web-based interventions, hedlth-related information is
processed and stored electronically. Therefore, data security
and confidentiality issues need to be taken serioudly. This study
used several measures to ensure the privacy of the study
participants. Person-related information and study data were
stored on separate servers to ensure that individuals could not
beidentified. Communication between the users’ Web browsers
and the serverswere encrypted viaa Secure Sockets Layer (SSL)
connection. All datawere stored on serverslocated in Germany.

Limitations

There are several limitations to this study that must be
acknowledged. First, athough reporting the effect of the
Web-based intervention was within the scope of our study, it

JMed Internet Res 2017 | vol. 19 | iss. 6 |€213 | p.95
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

remains unclear as to which specific elements and properties
of the intervention contributed to its effectiveness. Regarding
the length of the intervention, evidence on the dose-response
relationship in psychotherapy pointsto the conclusion that most
progress occursin thefirst few sessions of an intervention [59].
Similarly, Web-based interventionswith 8 or |ess sessionswere
found to be more effective than interventions with more than 8
sessions [21]. Thisindicates that the present intervention with
its 12 sessions could be shortened in length while maintaining
its effectiveness.

A second limitation concerns the response rate. Response from
the pool of positively screened insurance members was low
(5.8%, 226/3929). Thisraisesthe concern that participantswere
particularly motivated to use a Web-based intervention when
compared with nonparticipants, especialy  because
nonparticipants were positively screened for sickness absence
dueto depression and thus belonged to the target group. Ideally,
data from nonparticipants should have been collected as a
baseline comparison group, but this datawas unavailablein this
study because of alack of informed consent. When the complete
pool of insurance members was screened and all positively
screened insurance members were invited, recruitment was
stopped. This resulted in a substantially smaller sample than
was previously calculated in the power analysis (calculated
N=680 vs actual N=180).

Third, attrition during the study was high. At post-assessment,
45.5% of the participants had dropped out, and at follow-up,
67.7% of participants had dropped out. In general, dropout isa
common problem in Web-based interventions [60]. However,
thedropout in this study was remarkably higher than the average
attrition rate for Web-based interventions with therapist support,
as reported in the meta-analysis by Richards and Richardson
(28%) [21]. Severa recent studies on Web-based interventions
showed dropout rates that were remarkably lower [27,32]. One
possibility for the relatively high attrition in this study is that
participants who failed to complete a weekly session were
reminded via email only. Comparable studies, which used
telephone reminders, achieved substantially higher participant
compliance. A second explanation is that therapist guidance
was available upon request only. Guided interventions have
lower attrition rates as compared to unguided interventions.
Thus, it ispossiblethat participantswho were at risk for dropout
were lesslikely to use therapist guidance. Despite our analysis
of per protocol and imputed data showing comparable results,
which indicates no differencein intervention compl etersversus
noncompl eters, the risk remains that study dropout could have
biased the results. Due to the associations of several baseline
characteristics (age, education, and being in psychotherapy)
with the likelihood to complete the outcome assessments, the
missing at random assumption could have been violated.
Overall, the high attrition rateslimit the conclusions drawn from
this study.

Third, the positive relationship of age and education with study
dropout seen here limits the generalizability of the findings to
younger and less educated groups. This is supported by the
composition of the study sample, where highly educated
participants and those in executive positions are
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over-represented. Further studies with more statistical power
areneeded to identify effectivenessamong different subgroups.

Fourth, participants had access to treatment as usual during the
study, including psychotherapy and medication. Therefore we
cannot exclude the possibility that within-group changes in
depression scores were affected by third factor variables. Thus,
within-group changes must be interpreted with caution.

Fifth, no clinical interviewswere conducted to assess depression.
Structured clinical interviews represent the gold standard of
clinical assessment, with superior validity and reliability. Due
to limited resources, this study relied solely on participants
self-reports to assess clinical symptoms.

Sixth, the amount and duration of provided therapeutic support
during the study was not measured, making it difficult to
compare the results with other studies on Web-based
interventionsthat have used different levels of support, ranging
from no support to more intensive and regular support. In this
study, support was provided upon request, which could have
prevented some participants from using support, thus lowering
adherence.

Seventh, we used a wait-list plus psycho-education control
group. Wait-list control groups undermineinternal validity and
may lead to an over-estimation of the treatment effect [24].
Thus, active control groups are considered to be less biased. To
maximize participant response, we decided to inform control
group participants that they could access the intervention upon
request after study completion. This may have lowered
expectations with regard to the control condition. Furthermore,
control group participants were active during the study period
asthey had accessto psycho-education. Asaresult, we observed
mean symptom reductions in the control group, which is
consistent with the finding that Web-based psycho-education
can reduce depressive symptoms [41]. At the same time, it is
possible that psycho-education has adverse effects in some
participants, because it sensitizes patients to the topic of
depression, leading to an over-reporting of symptom severity
at follow-up. For example, astudy that used a psycho-education
control group found that theincidence of depression washigher
than usua [32]. Our results show that reliable symptom
deterioration was low overall, but occurred more frequently in
the control group (6.25%, 5/80) as compared with the
intervention group (1%, 1/100). This suggests that adverse
effectsin the control groups were present, but were unlikely to
bias the treatment effect. As we did not collect data on usage
and engagement with the psycho-education in the control
condition, the perceived credibility of the psycho-education
remains unknown.

Eighth, this was an open-label trial, where participants and
researchers were aware of which group was receiving which
treatment. Furthermore, only questionnaire data was assessed
as aproxy of use parameters, but no uptake data was available
on the actual usage of the program (eg, frequency and length
of website usage). Data on how the participantsinteracted with
the program could provide vauable insights into the
effectiveness of specific intervention elements.
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Conclusions lower power than calculated, its results should be replicated in
alarger sample. Further validation of health insurance records

The Web-based intervention reduced depressive symptoms e
as an outcome measure for eHealth trials is needed.

among adults with sickness absence. As this trial achieved a
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Abstract

Background: Tobacco smoking is aworldwide public health problem. In 2015, 26.3% of the Dutch population aged 18 years
and older smoked, 74.4% of them daily. More and more people have access to the I nternet worldwide; approximately 94% of the
Dutch population have online access. Internet-based smoking cessation interventions (online cessation interventions) provide an
opportunity to tackle the scourge of tobacco.

Objective: Thegoal of thispaper wasto provide an overview of online cessation interventionsin the Netherlands, while exploring
their effectivity, cost effectiveness, and theoretical basis.

Methods: A mixed-methods approach was used to identify Dutch online cessation interventions, using (1) ascientific literature
search, (2) agrey literature search, and (3) expert input. For the scientific literature, the Cochrane review was used and updated
by two independent researchers (n=651 identified studies), screening titles, abstracts, and then full-text studies between 2013 and
2016 (CENTRAL, MEDLINE, and EMBASE). For thegrey literature, the researchers conducted a Google search (n=100 websites),
screening for titles and first pages. Including expert input, this resulted in six interventions identified in the scientific literature
and 39 interventions via the grey literature. Extracted data included effectiveness, cost effectiveness, theoretical factors, and
behavior change techniques used.

Results. Overal, many interventions (45 identified) were offered. Of the 45 that we identified, only six that were included in
trials provided data on effectiveness. Four of these were shown to be effective and cost effective. In the scientific literature, 83%
(5/6) of these interventions included changing attitudes, providing socia support, increasing self-efficacy, motivating smokers
to make concrete action plansto prepare their attemptsto quit and to cope with challenges, supporting identity change and advising
on changing routines, coping, and medication use. In all, 50% (3/6) of the interventions included a reward for abstinence.
Interventions identified in the grey literature were less consistent, with inclusion of each theoretical factor ranging from 31% to
67% and of each behavior change technique ranging from 28% to 54%.

Conclusions:  Although the Internet may provide the opportunity to offer various smoking cessation programs, the user is left
bewildered as far as efficacy is concerned, as most of these data are not available nor offered to the smokers. Clear regulations
about the effectiveness of these interventions need to be devised to avoid disappointment and failed quitting attempts. Thus, there
isaneed for policy regulations to regulate the proliferation of these interventions and to foster their quality in the Netherlands.

(J Med Internet Res 2017;19(6):€230) doi:10.2196/jmir.7209
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Introduction

Tobacco Smoking

Tobacco smoking is a worldwide public health problem, with
more than 5 million deaths being attributabl e to direct smoking
[1]. Nonsmokers are al so impacted by tobacco smoke asaresult
of second-hand smoke (passive smoking); an estimated 600,000
deaths are caused by smoking behavior, which affects various
related diseases such aslung cancer, heart diseases, and chronic
obstructive pulmonary disease. In the Netherlands, smoking is
apublic health problem. In 2015, 26.3% of the Dutch population
aged 18 years and older smoked, 74.4% of them daily [2]. Of
all smokers, 15.6% were considered heavy smokers, meaning
that theseindividual s smoke an average of 20 or more cigarettes
per day [2]. Estimates showed that in 2013, 19,000 deaths were
attributable to smoking-related diseases in the Netherlands [3].

Online Smoking Cessation I nterventions

In an attempt to tackle the scourge of tobacco smoking, many
smoking cessation interventions have been developed and
proven effective, especially the more intensive interventions
such as one-to-one behavioral therapy [4]. Each intervention
has strengths and limitations. The more intensive interventions
are often expensive, inconvenient to the recipient (eg, waiting
list and the need to take time off work), and reach only a small
proportion of smokers [5]. The Internet provides opportunities
to address the smoking problem, as the Internet has grown to
be an extremely important medium and is embedded in daily
lifein the Dutch popul ation (and many other parts of theworld).
The opportunities provided by the Internet to enhance smoking
cessation have led to the development of Internet-based
interventions. Internet-based smoking cessation interventions
(hereafter: online cessation interventions) are relatively new
innovations and, due to the low costs per smoker, the
accessibility (eg, home, work, and public access points), and
24-hour a day availability, have the potential to reach a large
proportion of smokers [5]. Internet access is increasing
worldwide. In 2016, approximately 94.4% of the Dutch
population had access [6] (98.9% of those aged 25 to 45 years,
98.3% aged 45 to 65 years, and 77.6% aged 65 years or older
[7]). The level of access for the younger population, aged
between 12 and 25 years, was 99.1% in 2015 [7]. Moreover,
individuals having access to the Internet in the Netherlands
range from 87.0% for thelower educated to 99.5% for the higher
educated [ 7]. However, reach may be atoo narrow construct to
reflect Internet usage, as activitiesin use differ [8]. Educational
level might, for instance, play arolein online behavior because
many individuals may not be sufficiently literate to understand
thehigh literacy level of most written information on the Internet
[9]. Yet, arecent study in the Netherlands indicated that usage
of eHealth interventions, asrecommended, did not differ among
education levels. The study also found that eHealth interventions
are more often used as recommended to people with a greater
need for health careinformation [10]. Aswell asInternet access,
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online cessation interventions allow other opportunities, such
asbeing interactive and tailoring messagesto individual's, which
has been shown to be effective in changing health behaviors
such as enhancing smoking cessation [11]. In addition, due to
the low costs per person, online cessation interventions can be
cost effective[12]. Therefore, it isrelevant to explorethe online
cessation interventionsthat are availablein the Netherlands and
investigate the extent to which these are effective and cost
effective.

Cost effectiveness is explored in economic evaluation studies
that determine the costs and effects associated with an
intervention and compare these with the costs and effects of
other interventions or current practice[13]. A typical economic
evaluation consists of five steps: (1) identification of relevant
costs and effects, (2) measurement of costs and effects, (3)
valuation of measured costs and effects, (4) calculation of
cost-effectivenessratio, and (5) sensitivity analysis [14].

Evaluating Content: Theoretical Basis

Because many online cessation interventions may not have been
tested in a randomized controlled trial (RCT), scholars have
become interested in evaluating relevant characteristics of
behavioral interventions, such as online cessation interventions.
Theliterature showsthat the theoretical basisof anintervention
and behavior change techniques (BCTs) are characteristicsthat
may influence the impact of behavior [15-17]. Three
theories—the social cognitive theory [18], the transtheoretical
model [19], and the theory of planned behavior [20]—were
particularly important in devel oping theintervention; their usage
in intervention development was associated with increases in
effect size [21]. Various sociocognitive theories, including the
three mentioned, are integrated in the Integrated Change
(I-Change) Model [22-25]. This explains adoption of health
behavior in (at least) three phases (ie, awareness, mativation,
and action phase), each of which has phase-specific
determinants, such as attitudes, social support, and self-efficacy
for understanding motivation, and action planning and coping
plans to understand the final step from intentions to behavior.
Another way to evaluate the content of an intervention is by
assessing whether or not the online cessation interventions use
specific BCTs that are associated with higher success rates in
smoking cessation [26-28]. Five BCTs that are applicable to
onlineinterventions and mobile-based interventions have been
found to be associated with higher cessation rates [26].These
are (1) strengthening exsmoker identity (eg, clear boundaries
offered), (2) providing rewards contingent on stopping
successfully (eg, use praise or advise on rewarding oneself for
moving toward the goal of becoming an exsmoker), (3) advising
on changing routines (eg, advising on avoiding cues that will
trigger strong urges to smoke), (4) advising and assisting with
ways of coping with urgesto smoke (eg, devel op effective ways
of distracting attention from smoking cues in the environment
and from urges to smoke), and (5) advising on use of
stop-smoking medications (eg, explain the medication available,
its benefits, and promote use). The theoretical underpinnings
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(theoretical factorsand BCTYs) of interventions, especially those
that are not tested in RCTs, may thus provide insights into the
content of online cessation interventions (ie, specifying
interventions based on relevant theories and BCT's used).

Objective

Web-based interventions are usually developed for a specific
platform, made accessible via computers, tablets, or mobile
phones. Not al may be optimized for al platforms. A distinction
is made between online interventions (accessed via computer),
referred to as eHealth, and mobile-based interventions (apps),
referred to as mHealth [29]. Online cessation interventions in
this study are defined as online interventions—devel oped to be
accessed viaacomputer—ai med at enhancing smoking cessation
among individual smokers. To explore abroader range of online
cessation interventions, combinations of an onlineintervention
and a counselor were deemed relevant. This led to the study
goal: to provide an overview of online cessation interventions
in the Netherlands and explore their effectivity, cost
effectiveness, and theoretical basis.

Methods

This study used a mixed-methods approach, including (1) a
scientific literature search, (2) agrey literature search, and (3)
expert input. The methods and the anaysis are detailed
subsequently.

Scientific Literature Search

In the search for online cessation interventions, we used a
systematic review of Cochrane [5] regarding the effectiveness
of Internet-based interventions, to screen for the Dutch
interventions. Because this review was last updated in April
2013, we conducted an additional systematic literature search
to explore recent online cessation interventions in the
Netherlands up to July 2016. The selection process is depicted
in aflowchart (see Figure 1).

The Cochrane review included randomized or quasi-RCTswith
smokers that participated in online cessation interventions [5].
All types of online cessation intervention were included; there
was no exclusion with respect to method or duration. Also,
combinations of interventionswere included (when the I nternet
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component was subject to evaluation), if the Internet intervention
was an adjunct to behavioral therapy or pharmacotherapy. Trials
were excluded if they used Internet solely for recruitment or as
areminder of offline appointments (eg, face-to-face therapy or
pharmacotherapy). M oreover, text messaging interventions and
mobile-based interventions were not covered. Also, trials with
fewer than four weeks of follow-up were excluded.

Similar to the Cochrane review [5], the search strategy for the
update of literature was based on the specialized register of the
Cochrane Tobacco Addiction Group, including the terms
“Internet” or “www” or “web” or “net” or “online” in thetitle,
abstract, or as keywords since 2013. Databases of Cochrane
Central Register of Controlled trials (CENTRAL), MEDLINE,
and EMBASE were searched via OVID. For full search
strategies, see the Tobacco Addiction Group Module [30]. The
search led to a total of 651 papers (CENTRAL=96,
MEDLINE=163, and EMBASE=392), which two researchers
(KLC and BW) screened independently for title and abstract.
Inclusion criteria were (1) English or Dutch language, (2)
smoking cessation intervention, (3) eHealth (ie, Internet or
computer), and (4) original research (excluding study protocols
and conference abstracts). Interventions directed at indirect
populations (eg, clinicians and nurses) were excluded, as well
as lifestyle, telephone, and prevention interventions. The two
researchersresolved disagreementsthrough discussion, resulting
in 79 potentialy relevant papers. The full-text papers were
screened by KLC and BW, resulting in exclusion of 10
additional papers. For the relevant Dutch online cessation
interventions, the researchers searched through the full-text
papers and the Cochrane review [5]. Excluding al non-Dutch
intervention studies, the Cochrane review yielded three relevant
papers, whereas the updated search (ie, between 2013 and July
2016) yielded six papers. The updated literature search had six
papers on Dutch online cessation interventions, from which one
was a cost-effectiveness study aiding a study included in the
Cochrane review, and four papers were studies on the same
intervention (with the same lead author). Due to expert input
(described in “Expert Input” section), one intervention was
added to the list. Hence, this search led to a final list of six
unique online cessation interventions in the Netherlands that
were reported in the scientific literature.
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Figure 1. Flowchart of the selection processin the scientific literature.

Records identified
through other
methods:

Records identified
through database
search (n=778)

1. Dutch online |
cessation

interventions

(identified by Civljak et
al 2013) (n=3)

Records after
duplicates removed
(n=651)

2. Unique

interventions based on
expert input (n=1)

Records screened on
title and abstract
(n=651)

Full-text articles

assessed for eligibility
(n=79)

!

Unique interventions
included in this review
(n=6)

Grey Literature Search

Most online cessation interventionsin the Netherlands were not
described in peer-reviewed journals. Hence, a Google search
was conducted to capture interventionsin the grey literature. In
line with a previous Dutch study on identifying online tobacco
control methods[31], we conducted aGoogle search to identify
actual interventions rather than a search strategy aiming for
identifying documents. Thisis now elaborated in the text. The
free-text terms stoppen met roken (“smoking cessation”) and
online roken (*online smoking”) were used, with the intention
to capture a broad range of online cessation interventions. For
each of the text terms, the first five pages (50 hits) of Google
wereexplored, yielding 100 results (September 25, 2016). These
were then screened by two researcherstogether (KLC and BW)
looking at the title (of the page) and content of the site (for
potential online cessation interventions), leading to 47 results.
Lifestyle interventions, websites targeting indirect groups (eg,
clinicians), or telephone-only interventions were excluded.
These websites were then screened independently (KLC and
BW) for content, including online cessation interventionsin the
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Records excluded based on title and
abstract (n=572)

- Not English or Dutch language (n=4)
- No smoking cessation (n=485)

- No eHealth (n=61)

- No original research (n=22)

Full-text articles excluded (n=77)

- Non-Dutch online cessation
intervention (n=73)

- Publications already included in Civljak
et al (2010) (n=1)

- Publications reporting the same trial
(n=3)

Dutch language. For each website where there was
disagreement, consensus was reached via discussion. Here we
included a broad range of interventions, including informative
static websites and websites promoting any intervention in
onlineform (eg, online counseling). Websitesthat solely referred
to other websites were excluded, as were standal one apps. Six
interventions were added due to expert input (described in
“Expert Input” section). This led to a final list of 39 online
cessation interventionsin the Netherlands that were reported in
the grey literature.

Expert Input

To check and complement the previously mentioned searches,
Dutch experts in smoking cessation (eg, smoking cessation
research and/or online smoking cessation interventions) were
recruited using a convenience sampling strategy, in which
researchers created a list of potential participants based on
personal networks. Twenty experts were approached viaemail,
outlining the goal of the study and asked whether they were
able to provide input. Five (25% response rate) provided input
for the questionnaire. We asked experts to list the online
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cessation interventions they knew, adding to the list from the
literature search. They provided a list of 21 interventions in
total, with seven unique interventions added to the final list
(compiled from the literature and grey literature search). One
online cessation intervention was added to the scientific
literature search, and six to the grey literature search.

Data Extraction and Analysis

For each included online cessation intervention, two independent
reviewers (KLC and BW) systematically extracted data using
a predefined extraction form that included general
characteristics, four theoretical components (ie, attitudes, social
support, self-efficacy, and action planning and coping plans),
and five BCTs (ie, strengthening exsmoker identity, providing
rewards contingent on stopping successfully, advising on
changing routines, advising and assisting with ways of coping
with urges to smoke, and advising on use of stop-smoking
medications) for the content analysis. Two separate extraction
forms were developed (one for scientific literature and one for
grey literature), based on literature (theoretical underpinnings)
and discussionsin theresearch team. Thetwo reviewers piloted
and discussed the extraction form for two interventions, which
led to minor adjustments to the data extraction forms.

The extracted data for the interventions identified in the
scientific literature included four categories. general study and
intervention information; effectiveness, cost effectiveness, and
outcome information; theoretical factors, and BCTs. Generd
study and intervention information included intervention name,
brief description, and target population. Effectiveness, cost
effectiveness, and outcome information included effectiveness
(yes, no, and not reported [NR]), effect (in relative risk [RR]),
number and percentage abstinent in the intervention condition
and in the control condition, control group, outcome measure
(for smoking cessation), and cost effectiveness (yes, no, NR).
Theoretical factorsincluded were based on the [-Change M odel
and assessed the presence or absence of the core factors for
motivation and behavioral change (yes, no): attitude (discussing
advantages and disadvantages of smoking), socia influence
(addressing socia influence or social support), self-efficacy
(enhancing one's capability to become an exsmoker), and
action/coping planning (supporting creation or advising on
action or coping plans). Literature concerning BCT reveded a
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large range of potential BCTs that could be selected for
reviewing the efficacy of interventions, amounting to 40
different BCTs[21]. Therefore, five BCTsthat were especially
applicable and relevant to onlineinterventions and mobile-based
interventions were included [26]. Consequently, the BCTs
included the five BCTs discussed (yes, no): supporting identity
change, rewarding abstinence, advising on changing routines,
advising on coping, and advising on medication use.

The extracted data for the interventions identified in the grey
literatureincluded general intervention information, theoretical
factors, and BCTs. General intervention information included
intervention name, provider, and target population. The same
theoretical factorsand BCTswere extracted asfor the scientific
literature. Websiteswith only apage of static information about
smoking cessation were grouped in the results.

Data were independently extracted by the two researchers and
the first author then checked and compared the extracted data.
Any disagreements between the researchers were resolved
through discussion until consensuswas reached [5,26]. Extracted
data are presented in tables. Whenever an intervention was
shown to be cost effective, this is elaborated in the results
section. Information was extracted from the literature and, when
available, the researchers checked the online cessation
intervention. Suggested interventions by experts are indicated
in the tables.

Results

The mixed-methods yielded 45 unique online cessation
interventions (scientific literature: n=6; grey literature: n=39).

Scientific Literature

The literature revealed six interventions in the Netherlands,
which typically targeted adult smokers, who were motivated to
quit smoking (thus willing to set a quitting date) (see Table 1).
Theseinterventionstypically involved tail oring health messages
based on the I-Change Model . The exception was the Web-based
Attentional Bias Modification (ABM) self-help intervention
[32], which aimed to reduce attentional bias and generalize to
influence an approach biasfor cigarettes and successin quitting.
The effectiveness, cost effectiveness, and outcome information
of these interventions are detailed in Table 2.
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Table 1. Genera study and intervention details of smoking cessation interventions in the scientific literature (n=6).

Intervention Target population Brief description

Quit Smoking2.0[33] Smokers (=18 years, smoker of cigarettes and/or  One 7-to-9 page computer-tailored email | etter, based on I-Change Model,
loose-cut tobacco and intending to quit withina  addressing motivational and postmotivational factors.
year or sooner)

Stay Quit For You Smokers 18-65 years, smoked daily, willingto ~ The action planning (AP) program provided tailored feedback at baseline

(SQ4U) [34,35] set aquit date within 1 month, and motivated to

quit smoking

Persona Advicein
Stopping smoking
(PAS) [22,36]

Smokers (Dutch adults) with intention to stop
smoking within 6 months

Nonsmoker or former smoker; 10 and 20 years,
having computer/Internet literacy; having suffi-
cient command of Dutch; no previous exposure
to the earlier version of Smoke Alert

Smoke Alert?[37]

Support to Quit (STQ)
[38-41]

Smokers motivated to stop smoking and aged 18
years

Attentional BiasMod-
ification (ABM)2[32]

Smokers aged 18-65 years, reporting smoking on
adaily basisfor at least 1 year and not having
made a quit attempt yet

and invited respondents to do 6 preparatory and coping planning assign-
ments (thefirst 3 assignments prior to quit date and thefinal 3 assignments
after quit date). The action planning plus (AP+) program was an extended
version of the AP program that also provided tailored feedback at 11 time
points after the quit attempt.

A Web-based computer-tailored smoking cessation intervention with 4
sessions, based on |-Change Model.

Web-based computer-tailored smoking prevention and cessation interven-
tion for adolescents. Based on an intervention shown to be effective [33].
Website intervention providing one-time feedback after filling in a ques-
tionnaire.

Web-based text and a\Web-based video-driven computer-tail ored approach
for low and high SES smokers, thisincorporates 3 to 6 computer-tailored
feedback moments with the aim to support smoking cessation.

Online 6 sessions of ABM training with the aim to reduce attentional bias
and induce more distant generalization effects regarding approach bias
and success in quitting.

aCurrently available on the Internet.

Table 2. Effectiveness, cost effectiveness, and outcome information of smoking cessation interventions in the scientific literature (n=6)

Intervention Effectiveness RR (95% ClI) Percentage abstinent, n  Control group Outcome measure CeP
(%)?
Quit Smoking2.0 Yes 2.48(1.11-5.55) Int: 224 (8.5), Con: 234 Nontailored email 7-day point prevalence  NR
[33] (3.4) abstinence at 6 months
follow-up
SQ4U [34,35] Yes AP+: 1.37 (0.97-1.92); Int (AP+): 53 (7.6), Questionnaires only Continued abstinenceat NR
AP: 1.49 (1.07-2.06) Con: 45 (7.1); Int (AP): 12 months follow-up
63 (9.0), Con: 45 (7.1)
PAS[22,36] Yes 1.50 (0.77-2.94) Int: 20 (15.2); Con: 12 Usua care Prolonged abstinenceat  Yes
(10.2) 12-month follow-up
Smoke Alert® NR NA NA NA NA NR
[37]
STQ[38-41] Yes Video: 1.54 (1.08- Int (video): 66 (9.9), Nontailored genericad-  Prolonged abstinenceat  Yes
2.22); text: 1.15(0.78-  Con: 46 (6.4); Int (text): vice 12-month follow-up
1.69) 52 (7.3), Con: 46 (6.2)
ABMC®[32] No NR, for subgroup: 2.33 Int (subgroup): 22 Placebo-training, contin-  Continued abstinenceat  NR

(1.14-4.76)

(14.2); Con: 10 (6.1)

ued assessments

6 months follow-up

& Percentage abstinent: n (%) in the intervention condition (Int) and in the control condition (Con).
b CE: Cost effectiveness (yes, no, NR=not reported). If yes, thisis detailed in the text.

€ Shown effectivein Te Poel et a [33].
d Shown effective for subgroup heavy smokers[37].

The effectiveness was shown in four interventions. For Smoke
Alert (2.0) [37], the study did not investigate the effectiveness
of smoking cessation, but rather investigated and found effects
on prevention. Yet, a previous version did show effects on
smoking cessation with 17.2% quittersin the control group and
26.8% in the online computer-tailored condition (P<.03) [42,43].
Resultsindicate no overall effectiveness evidence for the ABM
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intervention except only for heavy smokers. The effective
interventionsincorporated health messagestail ored to responses
in an initial questionnaire, which was based on the I-Change
Model. Long-term effects were shown in Stay Quit For You
(SQ4U) [34,35], Personal Advice in Stopping smoking (PAS)
[22,36], and Support to Quit (STQ) [38-41], using a 12-month
follow-up with either continued or prolonged abstinence
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outcome measure. For these interventions with long-term
follow-ups, we conducted a meta-analysis in which the
Mantel-Haenszel fixed-effect model was used to pool the
effectiveness of these interventions. This resulted in a pooled
RR of 1.39 (95% CI 1.18-1.65). For two interventions (PAS
and STQ), studies also found support for its cost effectiveness
from asocietal perspective. Using prolonged abstinence as the
outcome measure, the cost-effectiveness study for PAS showed
that the mere multiple computer-tailored program had the
highest probability of being cost effective asin thisgroup €5100
had to be paid for each additiona abstinent participant
(compared to usual care) [22]. Using prolonged abstinence, the
study for STQ indicated that with a willingness to pay €1500,
the video-based intervention was likely to be the most
cost-effective treatment. For each additional abstinent
participant, €1500 had to be paid within the video-based
intervention [38]. Given the fact that, in the Netherlands, cost
effectiveness is concluded when the additional costs (for an
additional quality-adjusted life year [QALY]) are between

Cheung et al

€20,000 and £80,000, the conclusion is that these interventions
were highly cost effective [44]. Normally, this threshold is
dependent on the severity of the disease. In prevention, a
threshold of €20,000 is often considered [45].

Theinterventionswere al so eval uated and analyzed with regard
to the theoretical factors and BCTs used (see Table 3). For the
theoretical factors, all interventions (with one exception)
addressed attitudes, social influence, self-efficacy, and action
or coping planning (83%, 5/6). The exception was the ABM
intervention [32], which had adifferent theoretical basis, namely
retraining implicit associations (automatic attentional processes).
Attentional bias is the tendency of certain cues in a person’s
environment to attract and/or hold the individual’s attention
preferentially, such as cigarettes. This attentional bias could be
retrained toward or away from the substance-related cues[32].
The SQ4U [34,35] and STQ [38-41] interventions included all
BCTs, whereas half of the interventions included all BCTs,
except rewarding abstinence (50%, 3/6).

Table 3. Theoretical factors and behavior change techniques (BCTs) of smoking cessation interventions in the scientific literature (n=6).

Intervention Attitude  Socid influence Self-efficacy ~ Action& BCTS

coping plan-

ning

1 2 3 4 5

SQ4Ub [ 34,35] Yes Yes Yes Yes Yes Yes Yes Yes Yes
pASP [22,36] Yes Yes Yes Yes Yes NR Yes Yes Yes
Smoke Alert [37] Yes Yes Yes Yes Yes Yes Yes Yes Yes
Quit Smoking 20P Yes Yes Yes Yes Yes No Yes Yes Yes
[33]
STQb [38-41] Yes Yes Yes Yes Yes Yes Yes Yes Yes
ABMP[32] No No No No No No No No No
Percentage; n (%)° 5(83) 5(83) 5(83) 5(83) 5(83) 3(50) 5(83) 5(83) 5(83)

@BCT1: Supporting identity change; BCT2: rewarding abstinence; BCT3: advising on changing routines; BCT4: advising on coping; and BCT5: advising

on medication use.
b Mentioned by experts.

€ Percentage (%) interventions of scientific literature including this factor/BCT.

Grey Literature

Thegrey literature revealed 39 interventionsin the Netherlands,
which typically were targeted at smokers (see Table 4). The
online cessation interventions were grouped as websites
providing only static information (n=23) and websites
incorporating an interactive component (n=17). Seven unique
interventions were added due to expert input (see Tables 3 and
4). Some experts indicated that it was difficult to evaluate the
effectiveness of the online cessation interventions, with the
exception of a few reported in scientific literature. The grey
literature yiel ded avariety of online cessation interventionswith
different providers, but only minimal research has been
conducted to test their effects, resulting in little scientific support
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for their evidence. One intervention was identified in both the
grey literature and in the scientific literature (Smoke Alert [37],
which—as outlined previously—was effective in preventing
the initiation of smoking among adolescents [37]). An
intervention (Online zelfhulp tabak [46]) identified in the grey
literature search and via expert input was reported to be
effective; it was to be tested in a RCT. After contacting the
provider of the intervention, it was revealed that the claim on
effectiveness was based on a trial of a similar intervention on
alcohol [47]. It was stated that *’due to the generalizability of
the self-help module, the self-help tobacco module was
recognized as well.” Hence, the quality of the interventions
identified in the grey literature search seems to lack scientific
basis because the number of effectiveness studiesis limited.
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Table4. Genera intervention information of grey literature (translation in brackets).

Intervention Provider Target population Static?

De StopSite (The QuitSite)? Luchtsignaal Smokers aged =18 years  Interactive

uQuit.nl? Universiteit Nijmegen, VU Amsterdam, ~ Smokers/ student smok-  Interactive

and IVO ers

Tabakstop (Tobaccostop) Stichting tegen kanker Smokers Interactive

ExSmokers (iCoach)? European Commission Smokers Interactive

Stoppen met roken (Smoking cessation) Pfizer Smokers Interactive

Roken de Baas (Boss of your smoking)? Tactus Verslavingszorg Smokers Interactive

CZ Stoppen met roken coach (CZ smoking cessation coach)®  CZ Smokers Interactive

Stoppen met roken (Smoking cessation)? Minddistrict Smokers Interactive

StopExpert? ExaCare Smokers Interactive

Online zelfhulp tabak (Online self-help tobacco)? Jellinek Smokers Interactive

Stoppen met roken, in één dag van het roken af (Smoking De opluchting Smokers Interactive

cessation, quit in one day)?

Wat doe je om te stoppen met roken? De PZP helpt (What do  PZP Smokerswith aninsur-  Interactive

you do to quit smoking? PZP helps) ancefor the police (PZP)

Home Roken—Ja (Home Smoking—Yes) Victas Smokers Interactive

Training stoppen met roken—Kentra (Training smoking ces- Kentra Smokers Interactive

sation—Kentra)

stoppen met roken (smoking cessation) | iLifecoach iLifeCoach Smokers Interactive

Online cursus stoppen met roken | Zo stop je wel (Online Zostopjewel.nl Smokers Interactive

course smoking cessation | You'll quit like this)

Stoppen met roken (Smoking cessation) Gezondheidsnet.nl Smokers Static

ikstopnu.nl (Iquitnow.nl)? Ikstopnu.nl Smokers Static

Ik stop! (I quit!) Ikstop.nl Smokers Static

NuStoppenmetRoken.nl-Stoppen met Roken (Quitsmoking-  NuStoppenmetRoken.nl Smokers Static

now.nl—Smoking cessation)

Stoppen met roken (Smoking cessation) Nederlands Huisartsengenootschap Smokers Static

Stoppen met roken (Smoking cessation) Medica MediaBV Smokers Static

Hoe kan ik stoppen met roken? (How can | quit smoking?)  Stichting Opvoeden.nl Smokers Static

Rokeninfo.nl (Smokinginfo.nl)® Trimbos I nstituut Smokers Static

Ex rokers (Former smokers) EXx rokers Smokers Static

Tips stoppen met roken (Tips to quit smoking) Christelijke Mutualiteit Smokers Static

Hoe kan ik stoppen met roken? (How to quit smoking?) GGD Smokers Static

Ik Wil Stoppen Met Roken.NU (I Want To Quit Smok- Ik Wil Stoppen Met Roken.NU Smokers Static

ing.NOW)?@

Welkom bij de stoppen met roken test! (Welcome to the ProStop Smokers Static

smoking cessation test)?

soChicken soChicken Smokers Static

Waarom stoppen met roken? (Why quit smoking?)—Watch-  Watchtower Jehovah's Witnesses Static

tower ONLINE LIBRARY

Stoppen met Roken (Smoking cessation) Verslaving.nu Smokers Static

Stoppen met Roken? (Quit smoking?) Dokteronline.com Smokers Static

Stoptober? Stoptober” Smokers Static
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Intervention Provider Target population Static?

Stoppen met Roken.nl (Smoking Cessation.nl) Stichting stop bewust Smokers Static

Stoppen met roken-GGD Fryslan (Smoking cessation—CHS GGD Smokers Static

of Fryslan)

Welkom bij nl.support.stop-met-roken (Welcometo nl.support NSSMR Smokers Static

smoking cessation)

Stoppen met roken (Smoking cessation)—YouTube Stichting Gezondheid Smokers Static
Eric Eraly Smokers Static

Eenrookvrijleven.nl (Smokefreelife.nl)?

3\ientioned by experts.

bStoptober: KWF Kankerbestrijding, Hartstichting, Longfonds, Ministerie van Volksgezondheid, Welzijn en Sport (VWS), Trimbos Instituut, GGD

GHOR Nederland, and Alliantie Nederland Rookvrij.

The interventions were extracted on theoretical factors and
BCTs (see Multimedia Appendixes 1 and 2) with the exception
of those that were not accessible to the researchers. This was
especialy the case for interactive interventions, with tailored
messages or combined with feedback from a counselor. For
those that could be evaluated, the results show that at |east 67%
(26/39) addressed attitude, mentioning the advantages and
disadvantages of smoking cessation. Many interventions also
addressed social influence and action or coping planning (at
least 44%, 17/39 and 51%, 20/39, respectively), by advising on
social support, planning to continue to abstain from smoking,
or dealing with difficult situations. At least 31% (12/39) of the
interventions addressed the self-efficacy of smokers by
persuasion or via modeling, enhancing beliefs that the smoker
is able to become an exsmoker. Regarding BCTs, most online
cessation interventions provided information and advice on the
importance of changing routines (at least 49%, 19/39) and
medication usage (at least 54%, 21/39). A moderate number of
interventions supported identity change (at least 28 %, 11/39),
provided tips or provided rewards for abstinence (at |east 38%,
15/39), and advised on coping strategies (at |east 44%, 17/39).

Discussion

This study provides an overview of online cessation
interventions in the Netherlands, up to 2016. They are broadly
categorized in two lists: interventions reported in the scientific
literature and those identified in the grey literature. Expert input
overlapped with the lists and added afew unique interventions.

Summary of Evidence

The first goal of this study was to assess the effectiveness of
online interventions concerning smoking cessation as defined
by the most strictly reported outcome measure. Our search
revesled that six online cessation interventions in the
Netherlands were investigated for their effectiveness in trials.
With one exception, these were al interactive individually
tailored interventions based on sociocognitive models (ie, the
I-Change Model). Smokersfilled in questionnaires dealing with
demographics, smoking behavior, and sociocognitive constructs.
Theanswerswere used to yield tailored motivational messages.
The exception was the ABM intervention, which focused on
reducing attentional bias and inducing more distant
generalization effects regarding approach bias and success in
quitting [32]. The effectsindicated that smokersusing an online
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cessation intervention are 1.15 to 2.84 times more likely to
become a former smoker compared to the control condition.
Thisrange and the meta-analysis (with apooled RR 1.39, 95%
Cl 1.18-1.65) seem in line with the Cochrane review with a
pooled RR (Mantel-Haenszel fixed-effect) of 1.41 for
computer-tailored online smoking cessation interventions (95%
Cl 1.11-1.78) [5]. These reported effects of online smoking
cessation interventions may perhaps be underestimated because
conservative analyseswere used, including penaized imputation
which categorizes missing data as smoking. A recent study
showed that penalized imputation biases the reported effects of
online smoking cessation interventions, favoring the condition
with the lowest proportion of missing data [48]. Interestingly,
many more interventions were identified using grey literature;
yet, none of them were evaluated in terms of their effectiveness.

A second goal was to identify the cost effectiveness of online
cessation interventions in the Netherlands. Of the six
interventions identified, two were tested and shown to be cost
effective, meaning that the costs for an additional quitter (or
QALY) did not surpass a conservative threshold of €20,000.
PAS was cost effective, with costs of €5100 for each additional
quitter [22], and STQ withitstailored video-based intervention
was cost effective with costs of €1500 per additional quitter
[38]. When the additional costs for an additional QALY is
between €20,000 and €80,000, an intervention is considered to
be cost effective in the Netherlands. Normally, this threshold
is dependent on the severity of the disease. In prevention, often
a threshold of €20,000 is considered [45]. There is, however,
no cut-off point with regard to smoking abstinence rates as
outcome, which suggests future research should identify an
acceptabl e cut-off point for the willingnessto pay per abstinent
participant [49]. Extracting data on theoretical componentsand
BCTs revealed that these I-Change M odel-based interventions
all addressed attitudes, social influence, self-efficacy, and action
or coping planning. It also revealed that these interventions
support identity change, and advise on changing routines and
on coping. Because not all interventions were available to the
public or researchers, there is some uncertainty about the
percentage interventions rewarding abstinence and advising on
medication. Other interventions that have potential to be
implemented are SQ4U (scoring high on all BCTs and shown
to be effective) [34] and Quit Smoking 2.0 (shown to be
effective and recommended based on quality, practicability, and
effectiveness on loketgezondheid.nl) [33]. However, data
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concerning their cost effectiveness are lacking, and for Quit
Smoking 2.0 the follow-up is 6 months only [33]. Hence,
because a follow-up of 12 months indicates long-term effects,
SQ4U [34,35] and especially PAS [22,36] and STQ [38-41]
appear to be promising interventions for implementation in the
Netherlands. The effective interventions (ie, Quit Smoking 2.0,
SQ4U, PAS, and STQ), areno longer publicly available because
they were part of a research study. Yet, if organizations are
interested, they can be obtained via Vision2Health (a health
consultancy initiative offering evidence-based health promotion
interventions). For instance, Quit Smoking 2.0 has been offered
by severa regiona health authorities on request. The youth
intervention Smoke Alert is still online becauseit is offered by
Trimbos and has received approximately 13,000 unique visitors.
Interestingly, it was shown that such online interventions did
not differ in usage asrecommended by individual swith different
educational levels [10]. This indicates the potentia to be
effectively implemented for smokers with different levels of
education [50].

A third goal was to assess the theoretical underpinnings of the
interventions. The mgjority of the interventions that were also
evaluated for their effectiveness and cost effectiveness used
most, if not all, of the theoretical factors and the five BCTs.
The interventions identified from the grey literature also used
some of these factors and techniques. Some appeared to have
included several, from which one might conclude that they are
more likely to be successful. They could be candidates for
testing in RCTs. But the theoretical factors and BCTs have to
be applied according to parameters, which impact on the degree
of effectiveness [51].

In conclusion, it would be beneficial to many smokers, and even
cost effective from a societal perspective, if effective and
cost-effective interventions were to become available to the
public after completion of a RCT study. For public health
impact, it is important that these evidence-based interventions
are not only available online, with no marketing (passive
availability), but that they be promoted proactively, involving
marketing to various stakehol derswithin health care (eg, general
practitioners, dental practices, and other primary health care
providers) and public health organizations (eg, regional health
education authorities). Moreover, it isimportant for universities
and research ingtitutes to consider implementation of the
intervention and to create a business model [52]. Researchers
need to include this step, enhancing availability and usage of
the developed intervention. Furthermore, morefunding is needed
to implement interventions that are proven to be effective and
cost effective, in order to enhance usage and availability of those
already online, such as PAS [22,36] and STQ [38-41]. In
addition, future research may also look at the cost effectiveness
to bridge the gap between research and practice because
cost-effectiveness studies provide a financial argument for
investment in effective interventions, such as SQ4U [34,35].
Many interventions were identified in the grey literature, more
than in the scientific literature. Some may be promising if they
address theoretical factors and BCTSs, but they lack scientific
support for effectiveness. This may be an argument for
introducing a quality mark to reflect the extent of the scientific
evidence. Providers could then submit their intervention for
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evaluation. Such amark isimportant for health care stakeholders
and smokers to identify quality online cessation interventions.

Limitations

This study has several limitations. One is the lack of an
evaluation tool to investigate the quality or effectiveness of
nontested reports identified in the grey literature. To evaluate
the content, we assessed whether the interventionsimplemented
relevant theoretical components and BCTSs, identified as being
associated with smoking cessation [21,26-28]. However, BCTs
have limitations because they simplify reality [51]. They are
generic and their application varies. Current practice often does
not recognize that these BCTs have parametersfor effectiveness
and that methods can interact with one another. Context factors
may also impact the effectiveness of BCTs [51]. Hence, the
evaluation of whether interventions include BCTs may result
in overly smplistic or even incorrect conclusions about the
quality of theidentified interventions. Aswell asthe evaluation
of the content via BCTSs, the delivery, such as engagement and
ease-of-use features, isimportant [ 26]. Delivery evaluation was
not included in this study. Similarly, previously mentioned
criticism of BCTs also applies with regard to the inclusion of
theoretical factors in the interventions. This study is cautious
in its recommendations based on the inclusion of theoretical
factors and BCTs. Another limitation of the study may be the
limited generalizability of results to other countries. Findings
reflect the online cessation interventions in the Netherlands;
other countries may have implemented and tested different
interventions. It would, therefore, be interesting to conduct
similar studies in other countries and compare potential
differences. Moreover, no risk of bias assessment (eg, aquality
checklist) was conducted, which may have over- or
underemphasized the strength of the evidence of some studies
when calculating the pooled effect. Yet, our estimates were in
line with others reported in, for example, the Cochrane review
on online cessation interventions[5]. Neverthel ess, study results
should be interpreted with some caution.

The usage of mobile phones in everyday life is becoming
increasingly important, indicating that online cessation
interventions (developed to be accessed via a computer) may
also need to function on a mobile platform. In the most recent
Cochrane review on mobile-based smoking cessation
interventions, only five studies were included [53]. None of
them was developed for the Dutch population; results were
heterogeneous with three of five interventions crossing the line
of no effects. Hence, more research is required to explore
opportunities for mobile-based interventions by investigating
effectiveness and cost effectiveness. The lack of Dutch mobile
phone-based interventions—tested for effectiveness—indicates
the need to transfer the effective online cessation interventions
to the mobile phone. Whereas mHeal th interventions may have
great potential, a recent Dutch study found that eHealth was
more effectivein realizing physical activity [54]. This does not
imply that mHealth cannot be effective, but rather that we need
to identify how to use the two modalities optimally. The
potential of mHealth, as well as issues such as effectiveness,
cost effectiveness, and usability [55,56], should be topics for
future research, as well as exploring ways of improving
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computer tailoring of health messages (viadifferent algorithms)
[57].
Conclusions

This study provides an overview of Dutch online cessation
interventions, while assessing their effectivity, cost effectivity,
and theoretical basis. This mixed-methods study may also serve
as a vantage point for future overviews in other countries.
Although the Internet may well provide the possibility of
offering various smoking cessation interventions, the user in
the Netherlands is left bewildered about its efficacy because
most of the data are not available or are not offered to the

Cheung et al

smokers. If the Internet wants to live up to its promise, clear
regulations governing effectiveness of interventions have to be
devised to avoid disappointment and failed quit attempts. Policy
regulations may be needed to regulate the proliferation of
interventionsand foster quality. Asnonadoption of cost-effective
eHealth interventions is both detrimental at the micro level
(smokers not profiting from effective interventions) as well as
the macro level (unnecessary high costs of smoking due to
nonimplementation of effective methods), reasons for
nonadoption, aswell as strategies enhancing such an adoption,
are a prerequisite to ensure a significant public health impact
of effective eHealth and mHealth interventions.
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Abstract

Background: Weight loss is challenging and maintenance of weight loss is problematic. Web-based programs offer good
potential for delivery of interventions for weight loss or weight loss maintenance. However, the precise impact of Web-based
weight management programsis still unclear.

Objective: The purpose of this meta-systematic review was to provide a comprehensive summary of the efficacy of Web-based
interventions for weight loss and weight |oss maintenance.

Methods: Electronic databases were searched for systematic reviews and meta-analyses that included at least one study
investigating the effect of a\Web-based intervention on weight loss and/or weight |oss mai ntenance among samples of overweight
and/or obeseindividuals. Twenty identified reviews met the inclusion criteria. The Revised Assessment of Multiple SysTemAtic
Reviews (R-AMSTAR) was used to assess methodological quality of reviews. All included reviews were of sufficient
methodological quality (R-AMSTAR score 222). Key methodological and outcome data were extracted from each review.

Results: Web-based interventions for both weight loss and weight 1oss maintenance were more effective than minimal or control
conditions. However, when contrasted with comparabl e non-Web-based interventions, resultswere less consistent acrossreviews.
Conclusions: Overal, the efficacy of weight loss maintenance interventions was stronger than the efficacy of weight loss
interventions, but further evidence is needed to more clearly understand the efficacy of both types of Web-based interventions.

Trial Registration:  PROSPERO 2015: CRD42015029377; http://www.crd.york.ac.uk/PROSPERO/display record.asp?
ID=CRD42015029377 (Archived by WebCite at http://www.webcitation.org/6gkSafdCZ)

(J Med Internet Res 2017;19(6):€229) doi:10.2196/jmir.6972
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Introduction

Obesity and overweight have reached epidemic proportions
globally and pose a major risk for serious chronic diseases,
including type 2 diabetes, cardiovascular disease, hypertension,
dleep apnea, osteoarthritis, and certain formsof cancer [1]. Such
conditions may further impact individuals' quality of life and
well-being [2]. Moreover, people suffering from weight
disorders are at greater risk of social, emotiona, and
psychological problems such as depression, poor self-esteem,
and social isolation [3]. Functional interventions aimed at
reducing weight and maintaining weight loss, while working
on related pathol ogies, aretypically combined treatment options
(nutritional, physical, behavioral, psychological,
pharmacological, surgical) [4]. Although these usually lead to
short-term weight loss, long-term maintenance of results is
rarely achieved [5,6]. Consequently, alternative integrative
programs aimed at supporting long-lasting weight loss are
typicaly needed. As a result, a number of Web-based
interventions for weight loss or weight loss maintenance have
been recently developed, and their efficacy has been tested in
a number of randomized controlled trials (RCTs). Web-based
therapy could help patients overcome barriersto treatment such
as long distances to clinics and long waiting times. Most
Web-based interventions have zero waiting time, and all are
considerably cheaper than face-to-face therapy, enabling
widespread dissemination of treatment [7]. Furthermore,
Web-based interventions are cost-effective and provide greater
user access, flexibility, and anonymity [8]. Therefore,
Web-based interventions are especially relevant for patients
who might not otherwise access treatment for reasons such as
fear of social stigma associated with seeking treatment.

The published systematic reviews and meta-analyses of
Web-based interventions for weight loss and weight loss
maintenance reveal conflicting conclusions. Thus, the purpose
of thismeta-review wasto (1) examinethe published systematic
reviews that included at least one study assessing the efficacy
of aWeb-based intervention for weight loss and/or weight loss
maintenance for samples of participants who are either
overweight or obese, (2) produce a summary of the scientific
evidence, (3) identify the strengths and weaknesses of
Web-based interventions to help clinicians select the best
treatment option for their patients, and (4) provide empirically
supported suggestions for practice.

Methods

Thisreview was carried out according to the guidelines proposed
by Smith et al [9]. The protocol for this study wasregistered in
2015 in the International Prospective Register of Systematic
Reviews (PROSPERO).

Inclusion and Exclusion Criteria

Given the absence of an established standard definition for
systematic reviews, the following inclusion and exclusion
criteria provide the parameters used for defining systematic
reviews for this meta-review. Only reviews that satisfied the
following criteria were included: (1) used a systematic review
method (eg, critical review, literature review, meta-analysis),

http://www.jmir.org/2017/6/e229/
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(2) indicated the method for identifying and evaluating studies
for inclusion, (3) included at least one study assessing the
efficacy of a Web-based intervention for weight loss and/or
weight loss maintenance on the absolute variation and/or the
changein percentage of body weight or body massindex (BM1)
for asample of overweight and/or obese people, and (4) received
amethodological quality score of 22 or higher on the Revised
Assessment of Multiple SysTemAtic Reviews (R-AMSTAR,;
see methodological quality assessment section for details). There
were no restrictions for participant age, publication year, or
publication language to obtai n the maximum number of reviews
possible. Non-English publications were tranglated to facilitate
data extraction.

Search M ethods

As suggested by Smith et al’s guidelines [9], the following
electronic databases were searched: PubMed, the Cochrane
Library, PsycINFO (ProQuest platform), and the Centre for
Review and Dissemination (CRD), which includesthe Database
of Abstracts of Reviews of Effects (DARE). Search termswere
identified for each of the following relevant categories:
population (obese, obesity, overweight), intervention (online,
Web, computer), outcome (weight loss, weight loss
maintenance), and review type (review, meta-analysis). Boolean
searcheswere then conducted to systematically link the various
combinations of category terms (and their variations through
truncation) as search terms, Medical Subject Headings (MeSH)
keywords and Emtree keywordsto identify potential systematic
reviews[10]: (“Review”[MeSH]) OR (“Meta-Anaysis’[MeSH])
OR review OR meta-analysisAND (“ Computers’[MeSH]) OR
online OR web OR computer AND (“Weight Loss’[MeSH])
OR weight loss OR weight loss maintenance AND
(“Obesity”[MeSH]) OR (“Overweight”[MeSH]) OR obese OR
obesity OR overweight.

In addition, the contents of Obesity Reviews, Annual Review of
Public Health, and the Journal of Medical Internet Research
were searched using the following syntax: (review OR
meta-analysis) AND (online OR web OR computer) AND
(“weight loss”) AND (obes* OR overweight).

As a supplement to electronic searching, reference lists were
checked to identify additional potential systematic reviews. The
search was performed for records published through December
2015.

Selection Process

Titlesand abstracts of records resulting from theliterature search
were independently screened by authors FR and SP. When
further clarification was needed, the full text was retrieved.
Disagreements were resolved by a third author (AS). In
accordance with one of Smith et al’s recommendations[9], the
review team included at least one person with methodological
expertisein conducting systematic reviews (GMM and AS) and
at least two experts on the topic under review (GC, GMM, and
GP).

Data Extraction and M anagement

Authors SP and FR independently extracted the following data
and resolved any disagreements in consultation with a third
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author (AS): (1) authorship and publication-rel ated information;
(2) aims of the review; (3) searched databases; (4) inclusion
criteria; (5) number of included studies; (6) overall samplesize
and participant age, gender, race, and BMI; (7) overall length
of treatment, including follow-up time points; (8) country in
which the interventions were devel oped; and (9) outcomes of
theinterventions.

Reviews that included studies that did not investigate the
efficacy of weight loss and/or weight | 0ss mai ntenance programs
among obese and overweight participants were coded for the
total number of included studies and the number of included
studies involving treatments for weight loss and/or weight loss
maintenance in a sample of obese and/or overweight persons.
Additional relevant information was obtained by retrieving
original studies and contacting review authors as necessary for
coding purposes.

M ethodological Quality Assessment

The R-AMSTAR [11] was used to quantitatively measure the
methodological quality of included systematic reviews by
assessing the presence of the following 11 domains: (1) an a
priori design, (2) duplicate study selection and data extraction,
(3) a comprehensive literature search, (4) the use of status of
publication as an inclusion criteria, (4) a list of
included/excluded studies, (5) characteristics of included studies,
(6) documented assessment of the scientific quality of included
studies, (7) appropriate use of the scientific quality in forming
conclusions, (8) the appropriate use of methods to combine
findings of studies, (8) assessment of the likelihood of
publication bias, and (9) documentation of conflicts of interest.
Each domain’s score ranged between 1 and 4, and the
R-AMSTAR total scores had arange of 11 to 44.

A total score of 22 (ie, amean of two criteriafor each item were
satisfied) was required for systematic review inclusion, thus
excluding low-scoring systematic reviews [11]. The authorsin
charge of extracting datafrom the selected reviews (SPand FR)
aso preliminarily and independently assessed the
methodological quality of the contributions. A third author (AS)
resolved any discrepancies.

http://www.jmir.org/2017/6/e229/
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Data Synthesis

First, reviews were analyzed and relevant information was
extracted and recorded. Then, the results across the different
reviews were aggregated through a second-order qualitative
synthesis of treatment efficacy conclusions for weight loss
interventions and then for weight |oss maintenanceinterventions.
Quantitative results were recorded but no second-order overall
effect was cal culated from theincluded meta-analysesincluding
similar sets of studiesbecause ameta-analysis of meta-analyses
ispossible only if the datafromindividual studies have not been
used in more than one meta-analysis [9]. Thus, pooled effects
of overlapping reviews were only compared in order to
investigate the consistency of results.

Ultimately, the strengths and weaknesses of the various
Web-based interventions listed across the reviews were
summarized.

Results

Included Reviews

A flowchart indicating the selection of included systematic
reviews is presented in Figure 1. Searches of electronic
databases identified 561 reports, of which 43 were duplicate
and 437 were excluded based on information from the title and
abstract. The remaining 81 reports were then evaluated for
inclusion by reviewing the full text of each report, resulting in
the exclusion of 61 reports for the following reasons (3 reports
were omitted for more than one reason): (1) no systematic
review was presented (n=17), (2) none of the included studies
evaluated the efficacy of aWeb-based treatment for weight loss
and/or weight loss maintenance (n=34), (3) the included study
samples were not exclusively comprised of overweight and/or
obese participants (ie, study samples were also comprised of
normal-weight participants, n=9), (4) weight change (loss or
maintenance) was not measured or summarized in terms of
absolute variation and/or change in percentage of body weight
or BMI (n=2), and (5) the review R-AM STAR methodol ogical
quality score was less than 22 (n=2). A total of 20 systematic
reviews were finally included [12-31]. Multimedia Appendix
1 details the reasons for exclusion and whether inclusion or
exclusion was based on information from the title and abstract
or full text for each of the evaluated reports.
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Figure 1. Systematic review selection flowchart.
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Description of Included Systematic Reviews

Tables 1 and 2 provide asummary of the characteristics of each
included systematic review. Overall, 10 [12-21] of the 20
systematic reviews examined the effects of Web-based
interventions for weight loss and/or weight loss maintenance,
whereas the other 10 systematic reviews [22-31] examined the
effects of both Web-based and traditiona interventions for
weight loss and/or weight loss maintenance.

Inclusion criteria for the majority of the systematic reviews
consisted of age restrictions (only adults

http://www.jmir.org/2017/6/e229/

[12-18,20,22-24,26,27,31]), research design restrictions (only
RCT [12-17,19,21,24,28-30]), and outcome restrictions
(differences in weight loss or weight loss maintenance as
primary treatment effects[12,13,16-20,26,29,31]). In terms of
other age-related inclusion criteria, five systematic reviews had
no age restriction [19,21,25,29,30] and only one restricted
inclusion to participants younger than 18 years [28]. In terms
of BMI score inclusion criteria, with the exception of two
systematic reviewsthat restricted study inclusion to participants
withaBM I greater than 28 [26] and 30 or greater [29], the BMI
cut-off was 25 or greater in the other 18 systematic reviews.
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Table 1. Characteristics of the included systematic reviews (N=20).
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Author(s), publication year Aim of the review Searched databases? Inclusion criteria of studies Included (relevant)
studies, n (n)
Tsal et al, 2005 [22] Describe the components,  Medline Only adults, in USA, 21-year 10 (1)
costs, and efficacy of weight follow-up assessment(s), =10
loss programs participants and treatment stat-
ed and program lasted =12
weeks
Weinstein, 2006 [12] Describe the efficacy of PubMed, CINAHL, CL,NI- Only adults, in USA, RCT, =21 8(8)
Web-based weight lossand  HCT Web-based intervention,
weight loss management BMI1=25, published in peer-re-
programs viewed journal, primary out-
comeweight lossor weight loss
management
Sharma, 2007 [23] Review behaviord interven- Medline Only adults, English, published 23 (2)
tions for prevention and 2000-2006, educational ap-
treatment of overweight and proach
obesity
Neve et al, 2009 [14] Assess the effectivenessof  CL, Medline, EMBASE, Only adults, RCT, =1 Web- 18 (18)
Web-based interventionsfor CINAHL, Web of Science, based intervention, BM1>25
weight loss and weight loss  Scopus, PsycINFO
management
Osei-Assibey et a, 2010 [24] Evaluate the effectiveness  Medline, EMBASE, CCTR, Only adults, RCT, =50% of 19(1)
of dietary and lifestyle CINAHL, DARE participants were minorities,
weight loss interventions treatment lasted =6 months
Arem and Irwin, 2011 [13] Summarize the state of the  PubMed Only adults, RCT, BM1>25, 9(9)
science of Internet-delivered primary outcome weight loss
weight loss interventions or weight loss management,
and highlight their strengths website or Web-based program-
and weaknesses ming
Burke et al, 2011 [25] Evaluate the effect of self-  Medline, PsycINFO In USA, published 1989-2009, 22 (3)
monitoring diet, physical studies on effect and use of
activity level, and weight self-monitoring
management program on
weight lossin behaviora
treatment studies
Manzoni et a, 2011 [16] Evaluate the effectiveness ~ PubMed, PsycINFO, CL, Only adults, RCT, publishedin 25 (25)
of Web-based interventions  NIH peer-reviewed journal, primary
for weight loss and weight outcome weight loss or weight
|oss management loss management
Kodamaet al, 2012 [15] Review theweight lossor ~ Medline, EMBASE Only adults, RCT, BM1=25, 23 (23)
weight loss management ef- website or Web-based program-
fect of the Internet compo- ming
nent in obesity treatment
programs
Reed et a, 2012 [17] Evaluatetheimpact of com- Medline, CC, CINAHL, Only adults, RCT, BM1225, 11 (112)
puter-based technology on  PsycINFO used computer/interactive
interventionsfor weight loss technologies, primary outcome
weight loss or weight loss
management, control group re-
ceived non-computer-based in-
tervention
Wieland et al, 2012 [18] Assessthe effect of interac- CC, Medline, EMBASE, Only adults, BMI=25, includes 18 (18)

tive computer-based inter-
ventions for weight loss or
weight loss management

CINAHL, LILACS,
PsycINFO

RCTs or quasi-RCTs, primary
outcome weight loss or weight
loss management, website or
Web-based programming, |ast-
ed >4 weeks
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Author(s), publication year Aim of the review Searched databases® Inclusion criteria of studies Included (relevant)
studies, n (n)
Young et al, 2012 [26] Investigate the effectiveness  CINAHL, EMBASE, Med-  Only adults, BM1>28, primary 24 (6)
of weight lossand weight  line, PsycINFO, PubMed,  outcome weight loss or weight
loss management interven-  Sport Discus, Scopus, Web  |oss management, only male
tionsand identify thecharac- of Science participants
teristics associated with ef-
fectiveness
Chang et al, 2013 [19] Describetheuseandimpact PubMed, PsycINFO, EM-  RCT, published in peer-re- 20 (20)
of social mediain online BASE, Web of Science, viewed journal, primary out-
weight management pro- Scopus comeweight lossor weight loss
gram management, social media
component
Grunenberg et al, 2013 [21] Investigate the effectiveness  Medline, PsycINFO, Psyn-  RCT, BMI=25, primary out- 5(5)
of Web-based psychological  dex comeweight lossor weight loss
interventionsfor weight loss management, website or Web-
based programming, control
either waitlist or standard wait-
ing treatment, psychologically
based intervention for behav-
ioral modification
Bennett et al, 2014 [20] Evaluate the efficacy of PubMed, EMBASE, Only adults, in USA, English, 6 (6)
eHealthweight management CINAHL, CL, Web of Sci- BMI225, primary outcome
programs ence weight loss or weight loss
management, used computer/in-
teractive technologies
Hartmann-Boyceet al, 2014[27] Determinetheclinical effec- BIOSIS, CL, CC, CP, DR,  Only adults, BM1=25 8(1)
tiveness of multicomponent EMBASE, HT, Medline,
behavioral weight manage- PsycINFO, SCI
ment program
Altman and Wilfley, 2015 [28]  Evaluate the evidence for PubMed, PsyclNFO, Google RCT, treated children and ado- 9 (1)
overweight and obesity Scholar lescents, estimated costs for
treatments childhood obesity treatments
Gilmartinand Murphy, 2015[29] Evauate the effectiveness  CL, Medline, EMBASE, RCT, primary outcome weight 13 (1)
of behavioral weight loss PsycINFO, Web of Science loss or weight |0ss manage-
management interventions ment, BM1=30
Levineet al, 2015 [30] Examine technology-assist- PubMed, Medline, EM- RCT, used computer/interactive 16 (8)
ed weight lossinterventions BASE, CD, CC technologies, ambulatory set-
and highlight innovation, ting
impact, and pragmatism
Raaijmakers et al, 2015 [31] Evaluate the effectiveness  PubMed, PsycINFO, Web  Only adults, BM1>25, used 27 (12)

of technology-based inter-
ventions on weight loss and
quality of life

of Science, Science Direct,
CINAHL, EMBASE

computer/interactive technolo-
gies, primary outcome weight
loss or weight loss management

@BIOSIS: BIOSIS Preview; CC: Cochrane Central; CCTR: Centre for Care Technology Research; CD: Cochrane Database of Systematic Reviews;
CINAHL: Cumulative Index to Nursing and Allied Health Literature; CL: Cochrane Library; CP: Cochrane Public Health Group and Evidence for
Policy and Practice Information Centre; DARE: Database of Abstracts of Reviews of Effects, HT: Health Technology Assessment database; DR:
Database of Abstracts of Reviews and Effects; LILACS: Latin American and Caribbean Health Sciences Literature; NIH: The National Institutes of
Health; NIHCT: Nationa Institutes of Health Clinical Trials database; RC: review of company Web sites; SCI: Science Citation Index.
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Table 2. Characteristics of the included systematic reviews (continued) (N=20).2

Author, publication year N Age(years) Women,% BMI purati on of the Country (race)° Outcomes
intervention,
mean or range”

Tsai et al, 2005 [22] 1877 — — — 12 wk-2y us Weight

Weinstein, 2006 [12] 791 30-62 55 22 wk-12 mo usS Weight

Sharma, 2007 [23] — — — — 3mo-9y AU, BE, CN, BMI, weight, waist

FI,IT,JB NL, circumference, body
SE, UK, US fat

Neve et al, 2009 [14] 5700 =18 77 225 6wk-2y UK, US Weight
Osei-Assibey et al, 2010 [24] — Mean=47.2 — — >6 mo Western coun-  BMI
tries (people of
color)
Arem and Irwin, 2011 [13] — 34-54 50-100 Mean=29  3-18 mo (White but 2 Weight
studies did not
report race)
Burkeet al, 2011 [25] 9668 — 41-100 — — US (>white)
Manzoni et a, 2011 [16] 8324 =18 76.7 — 6wk-2y US and other Weight
unspecified
countries
Kodamaet al, 2012 [15] 8697 >18 66.1 26.2-35.7 3-30mo — Weight
Reed et a, 2012 [17] 1866 =18 71.64 — 2-12 mo — Weight
Wieland et al, 2012 [18] 4140 >18 73 >25 4 wk-30 mo — Weight
Young et al, 2012 [26] 1869 18-65 >0 >28 3-24mo AU, CN, FI, P, Weight
NL, SE, UK,
us
Chang et al, 2013 [19] — — — — — AU, CN, UK, Waist circumfer-
us ence, BMI, physical
activity level, di-
etary intake
Grunenberg et al, 2013 [21] 727 >18 57 >25 3-12mo — Weight, BMI, waist
circumference
Bennett et al, 2014 [20] 4899 >18 — >25 3-30 mo US (peopleof ~ Weight
color)
Hartmann-Boyceet a, 2014[27] >3700 40-52 — 25 (=23 — AU, CH, DE, Weight
among UK, US
Asians)
Altman and Wilfley, 2015 [28] — 6-18 — — — (White/people  Weight
of color)
Gilmartinand Murphy, 2015[29] — >18 — 230 >2y CN, FI, SE, Weight
UK, US
Levine et al, 2015 [30] 6786 Middle-aged 62 — 3-36 mo (71% White) Weight
Raaijmakers et al, 2015 [31] — — — >20,>30, — AU, CN, DE, Weight, quality of
240 JP, UK, US life, adherence

8__: Information that was not reported.
b Mo month; wk: week; y: year.

€ AU: Australia; BE: Belgium; CH: Switzerland; CN: China; DE: Germany; Fl: Finland; IT: Italy; JP: Japan; NL: Netherlands; SE, Sweden; UK : United
Kingdom; US: United States.

The total number of participants in each systematic review gender had samples with more female participants than male
ranged from 727 [21] to 9668 [25]. In terms of gender, nine  participants.
systematic reviews reported no gender-specific data [32-36];

the majority of reviewsthat included information on participant Thenumber of databasesthat were searched for each systematic

review ranged from 1[13,23] to 10 [27]. A total of 351 studies
were evaluated across the 20 systematic reviews, of which only
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83 evaluated the effects of Web-based interventions for weight
loss and/or weight loss maintenance. Of the 83 studies, 73
evaluated Web-based interventions for weight loss and 10
evaluated Web-based interventions for weight |oss maintenance
(see Multimedia Appendix 2 for details). The 83 studies were
mostly conducted in the United States, Europe, or Australia; 51
of 83 studies were only included in one systematic review and
the remaining 32 studies were included in more than one
systematic review. The study that was included in the most
systematic reviews[37] wasincluded in atotal of eight reviews.

Table 3. Systematic review quality (N=20).

Sorgente et a

M ethodological Quality of Included Reviews

The R-AMSTAR scores of the 20 included reviews (Table 3)
ranged from 23 to 43 points, with a mean of 30.5 (SD 5.5), a
median of 30.5 (IQR 9.25). The highest mean score across the
20 systematic reviews (mean 4, SD 0) was for providing the
characteristics of the included studies (item 6), whereas the
lowest mean score was for the inclusion of conflicts of interest
(item 11; only Hartmann-Boyce et al [27] fully satisfied this
criterion).

Systematic review R-AMSTAR Item? Score
1 2 3 4 5 6 7 8 9 10 11

Tsai et a, 2005 [22] 3 4 3 1 3 4 4 4 1 1 1 29
Weinstein, 2006 [12] 3 1 4 2 4 4 1 2 1 1 1 24
Sharma, 2007 [23] 3 4 1 3 3 4 1 1 1 1 1 23
Neve et al, 2009 [14] 4 4 4 1 3 4 4 4 4 4 1 37
Osei-Assibey et al, 2010 [24] 3 4 4 3 2 4 4 4 2 1 1 32
Arem and Irwin, 2011 [13] 3 4 4 2 3 4 1 1 1 1 1 25
Burke et al, 2011 [25] 3 1 4 4 3 4 1 1 1 1 1 24
Manzoni et al, 2011 [16] 3 4 4 1 3 4 1 1 1 1 1 24
Young et al, 2011 [26] 3 4 4 3 4 4 4 4 2 1 1 34
Kodamaet al, 2012 [15] 3 4 3 1 1 4 1 1 4 4 1 27
Reed et a, 2012 [17] 4 4 4 1 3 4 4 1 4 4 1 34
Wieland et al, 2012 [18] 4 4 4 4 4 4 4 1 4 4 1 38
Chang et al, 2013 [19] 4 4 4 3 3 4 4 4 1 1 1 33
Grunenberg et al, 2013 [21] 3 1 3 2 1 4 4 4 4 2 3 31
Bennett et al, 2014 [20] 3 4 4 4 4 4 4 4 1 1 1 34
Hartmann-Boyce et al, 2014 [27] 4 4 4 3 4 4 4 4 4 4 4 43
Altman and Wilfley, 2015 [28] 3 4 3 1 3 4 1 1 2 1 1 24
Gilmartin and Murphy, 2015 [29] 3 4 3 2 3 4 4 4 1 1 1 30
Levineet al, 2015 [30] 4 4 4 4 3 4 1 1 4 4 1 34
Raaijmakers et al, 2015 [31] 3 4 4 1 3 4 4 4 1 1 1 30
Mean 3.32 3.55 3.60 2.30 3.00 4.00 2.80 255 2.20 195 125 30.50
Median 3.00 4.00 4.00 2.00 3.00 400 4.00 3.00 1.50 1.00 1.00 30.50
SD 0.48 1.10 0.75 117 0.86 0.00 151 150 1.40 1.39 0.79 5.54
IQR 1 0 0.5 2 0.25 0 3 3 3 3 0 9.25

@tem 1: apriori design; item 2: duplicate study selection and data extraction; item 3: comprehensive literature search; item 4: publication status as an
inclusion criteria; item 5: list of included and excluded studies; item 6: characteristics of included studies; item 7: documented assessment of the scientific
quality of included studies; item 8: appropriate use of the scientific quality in forming conclusions; item 9: appropriate use of methods to combine study
findings; item 10: assessment of publication bias likelihood; item 11: conflict of interest documentation.

Efficacy of Web-Based | nterventions for Weight L oss
and/or Weight L oss Maintenance

Effect sizes of Web-based interventions for weight loss and
weight |oss maintenance, together with the specific comparison
interventions, are reported in Table 4. The intervention purpose
(ie, weight loss or weight loss maintenance) is also specified in

http://www.jmir.org/2017/6/e229/

Table 4. In addition, detailsfor each meta-analysis, such asthe
number of studies used to calculate effect sizes, the
heterogeneity among included studies, and the combined sample
size are also reported in Table 4. Except for Kodamaet a [15],
al meta-andyses performed quantitative data synthesis
separately for both the type of condition compared to the
Web-based intervention and whether the purpose of the

JMed Internet Res 2017 | vol. 19 | iss. 6 [€229 | p.122
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

intervention wasweight loss or weight loss maintenance. Given
that several primary studies were included in more than one
meta-analysis, issues related to statistical independence
prevented meta-meta-analysis of the effect sizes across the
meta-analyses. Overall, the meta-analysis effect sizes were
relatively small in magnitude, suggesting that athough
Web-based interventions were significantly more or less
effective than the comparison conditions, this difference may
have little clinical relevance.

Web-Based | nterventions for Weight L oss

Web-Based | nterventions Versus Control Conditions
(Minimal I nterventions)

Across reviews, Web-based interventions were found to be
significantly more effective than minimal treatmentsin reducing
weight. Specifically, Wieland et a [18] found that Web-based
interventions were significantly more effective than minimal
treatments in reducing weight and BMI at 3- and 6-month
follow-ups. Young et al [26] and Weinstein [12] also obtained
a significant difference in weight change favoring Web-based
interventions over controls. Additionally, in Raaijmakerset al’s
review [31], six technological-based interventions generated a
significantly greater effect in terms of weight loss than no
treatment conditions. In Bennett et a’s review [20], more than
half of the identified trials reported significantly greater weight
loss outcomes for eHealth interventions compared to control
conditions. Similar results were found in Levine et a’s review
[30], in which 12 Web-based interventions (75%) resulted in
greater weight loss compared to control conditions. Finally,
Grunenberg et a [21] found a Web-based intervention to be
more effective than control groups (waitlist and standard waiting
treatment) at reducing both BMI and weight. Neve et a [14]
wastheonly review to report no significant differencein weight
loss between Web-based interventions and control groups at
treatment termination. This contrasting finding may be
attributableto Neve et al [14] including fewer studiesthat tested
this comparison (n=3) than the other reviews that found
Web-based intervention to be more effective at promoting
weight loss compared to control conditions. Also, the meaning
of the term “control condition” varied across reviews from no
intervention [31] to providing participants with a weight loss

http://www.jmir.org/2017/6/e229/
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manual [14]. Additionally, Neve et a [14] combined treatment
effectsirrespective of time points (from 16 weeksto 12 months),
whereas other reviews pooled the studies’ effects separately for
each follow-up point.

Web-Based | nterventions Versus Non-Web-Based
Comparable | nterventions

Included systematic reviews that included studies comparing
Web-based treatments with non-Web-based comparable
interventions presented inconsistent results. For example,
Raaijmakers et a [31] found Web-based interventions to be
more effective than usual care, and Tsai et al [22] found greater
weight reduction among the participants assigned to a
Web-based condition (ie, Weight Watchers) than thosereceiving
self-help interventions. Levine et a [30] also concluded that
technology-based interventions can successfully supplement
primary care interventions for weight loss outcomes. Finaly,
Weinstein [12] found that Web-based interventions are
significantly more effective than their non-Web-based
counterparts both when the latter consists of usual care or when
participants receive information from a manual .

On the other hand, other reviewsfound Web-based interventions
to be as effective as non-Web-based comparable interventions.
Specifically, Burke et a [25] examined three studies on online
dietary self-monitoring and found that online treatments resulted
in significant within-group weight loss; however, when
compared with a paper diary self-monitoring condition, the
pooled effect size was no longer statistically significant. In
addition, Bennett et a [20] found that eHealth approaches led
to relatively modest weight loss outcomes with undetermined
clinical significance when compared with traditional individual
and group-based interventions. Finally, Reed et a [17] found
that computer-based technol ogy led to significantly lessweight
loss than comparable interventions. Therefore, the research on
the efficacy of Web-based interventions compared to similar
non-Web-based interventions is inconclusive. This lack of
consistency may be due to the large heterogeneity of
non-Web-based comparison interventionsin the primary studies.
For example, the non-Web-based comparison interventions
ranged from manualized interventions to a counseling program
in the studies included by Raaijmakers et al [31].
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Table4. A summary of meta-analyses.

Review and comparison? Number of =~ Outcome (units) and N Heterogeneity®? Effect size® (95% Cl) P
included follow-up
articles
x?@h P T 2
Neve et al, 2009 [14]
Web vs control 3 Weight loss (kg) 151 128(2) .002 —  844% 0.73(-0.6,1.51) WMD .07
Enhanced Web vsbasic 3 Wei ght loss (kg) 217 38 (3) .28 — 21% 224 (1.27’ 3.21)(j SMD <.001
Web
Web vs control 2 Weight lossmainte- 409 0.02(1) .90 — -0.30(-0.34, —O.26)d wwMmDp <001
nance (kg)
Web vs face-to-face 2 Weight lossmainte- 182 12.2(3) .007 — 76%  1.80(-1.18, 4.79) WMD .24
nance (kg)
Kodamaet al, 2012 [15] 23 Weight loss, weight 8697 — <001 — 84%  -0.68(-1.29,-0.08) WMD .03
|oss maintenance (kg)

Reed et al, 2012 [17]

InterventionwithWebvs 5 Weight loss (kg) 336 07(5 .98 0.00 0% -1.48 (-2.52,-0.43) WMD  .006
without Web
Web vs non-Web 5 Weight loss (kg) 544 142(5) .01 361 65% 0.36(-1.80,253) WMD .74
Web vs non-Web 4 (articles  Weight loss (kg) 538 17(4) .78 000 0% 1.47 (0.13, 2.81) WMD .03

published

in 1995 or

later)
InterventionwithWebvs 4 Weight loss (kg); 100 02(4) >99 000 0% -1.89(-3.41,-0.38) WMD .01
without Web short-term follow-up
InterventionwithWebvs 1 Weight loss (kg); 236 NA NA NA NA -1.10(-2.55,0.35 WMD .14
without Web |long-term follow-up
InterventionwithWebvs 2 Weight loss (kg); 53 0.04(1) .85 0.00 0% -1.95 (-3.50,-0.40) WMD .01
without Web short-term follow-up
InterventionwithWebvs 3 Weightloss(kg) long- 283 0.03(3) >.99 000 0% -1.08 (-2.50,-0.34) WMD .14
without Web term follow-up
InterventionwithWebvs 2 (articles  Weight loss (kg) 47 0.02(2) .99 0.00 0% -0.63 (-7.91, 6.66) WMD .87
without Web published

prior to

1995)
InterventionwithWebvs 3 (articles  Weight loss (kg) 280 06(2 .72 0.00 0% -1.50 (-2.55, 0.44) WMD  .006
without Web published

in 1995 or

later)
InterventionwithWebvs 3 Weight loss (BMI) 380 08(2 .67 000 0% -0.43 (-0.83,-0.03) WMD .04
without Web
Web vs non-Web 2 Wei ght loss (BM |) 51 0.3 (2) .88 0.00 0% 0.44 (_1.15’ 2'03)0 WMD .59
Web vs control 2 Weight loss (kg) 511 0.04(1) .84 0.00 0% -15(-2.1,-0.9) MD <.001

Wieland et al, 2012 [18]
Web vs control 2 Weight lossmainte- 897 0.7(1) .41 0.00 0% -0.7 (-1.2,-0.2) MD .004
nance (kg)
Web vs face-to-face 2 Weight lossmainte- 897 29(1) .09 041 66% 05(-0.5,1.6) MD .32
nance (kg)

Grunenberg et al, 2013 [21]
Web vs control 5 Weight loss (BMI) 727 105(4) .03 015 62%  -0.49(-0.95-0.03) MD .04
Web vs control 5 Weight loss (kg) 727 16.7(4) .002 146 76%  -1.32(-2.59,-0.06) MD .04

aWeb vs control: Web-based intervention vs control condition (minimal intervention); enhanced Web vs basic Web: enhanced Web-based interventions
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vs basic Web-based interventions;, Web vs face-to-face: Web-based intervention vs face-to-face intervention; intervention with Web vs intervention
without Web: adding a Web-based component to an intervention vs the same intervention without the Web-based component; Web vs non-Web:
Web-based interventions vs non-Web-based comparabl e interventions.

b2 Percentage of the variation across studies attributable to study heterogeneity rather than chance, indicating the level of inconsistency across study
results; T2 between-study variance.

C Effect sizes were retrieved from original articles reporting a statistically significant pooled effect estimated from at |east two trials. All studies except
for those indicated used a random effects model to calculate the aggregated effect size. MD: mean difference; SMD: standardized mean difference
(Cohen d; standardized weighted aggregated average difference score between conditions across primary studies that use different outcome
measures/metrics; to facilitate aggregation across measures/metrics, the between-condition difference for each primary study is converted to standard
deviation units that are then weighted with primary studies with more precise estimates carrying more weight in aggregation); WMD: weighted mean
difference (unstandardized weighted aggregated average difference score between conditions across primary studies that use the same outcome
measure/metric; the between-condition difference for each primary study is weighted with primary studies with more precise estimates carrying more

weight in aggregation).
9 A fixed effect model was used to calculate the aggregated effect size.

Web-Based | nterventions Versus Face-to-Face
I nterventions

This section summarizes results from systematic reviews in
which  Web-based interventions were compared with
non-Web-based  counterparts  involving  face-to-face
interventions. In Wieland et al [18], face-to-face interventions
were more effective at promoting weight loss than Web-based
interventions. Also, Raaijmakers et al [31] reviewed a primary
study in which face-to-face treatment led to a significantly
greater reduction in weight than Web-based intervention.
Similarly, Kodamaet al [15] concluded that using a Web-based
intervention as a substitute for a face-to-face intervention
produced unfavorable results.

Web-Based | nterventions Versus Hybrid | nterventions
Versus Face-to-Face | nterventions

Web-based interventions were further compared with hybrid
interventions (ie, including both Web-based and non-Web-based
components) in several systematic reviews. For example,
Kodama et a [15] came to the conclusion that adding
face-to-face interventionsto Web-based interventionsincreases
the impact of the Web-based interventions on weight loss. In
contrast, Wieland et a [18] reported that Web-based
interventions and hybrid conditions (ie, Web-based intervention
face-to-face treatment) did not differ significantly in their
effects. In the study reported by Wieland et al [18], the hybrid
condition was al so compared with the face-to-face intervention
without Web-based components. This pairwise comparison
indicated that mean weight loss achieved by face-to-face
treatments was significantly greater than mean weight loss
achieved by hybrid conditions. In comparison, Reed et al [17]
determined that computer-based treatments combined with
standard interventions (ie, behavioral programs, face-to-face
treatments) resulted in significantly more weight loss than
standard interventions only, at least when short-term effects
were considered. Similarly, Tsa et al [22] found significantly
greater weight loss in participants receiving a Web-based
treatment (ie, Weight Watchers program) combined with
individualized contacts than in participants recelving a
face-to-face intervention. Due to these contrasting results, it is
not clear if hybrid interventions are more effectiveinincreasing
weight lossthan single component interventions (ie, either only
Web-based or only non-Web-based).

http://www.jmir.org/2017/6/e229/

Enhanced Web-Based | nterventions Versus Basic
Web-Based | nterventions

Several systematic reviews also compared the effects of
Web-based interventions that differed on both the interaction
level and the extent to which they were tailored to users’ needs.
Osei-Assibey et al [24] and Hartmann-Boyceet al [27] reported
that Web-based tail ored programs were more effectivein weight
loss than information-only websites, despite the disappearance
of this difference by 18 months after treatment [27]. Levine et
al [30] concluded that interventions including clinician-guided
software or feedback from personnel promoted greater weight
loss than fully automated interventions, thus underlining the
importance of the interactive component. Both Neve et a [14]
and Wieland et al [18] were al so in agreement about Web-based
interventions with interactive components being effective in
reducing weight. Specifically, the enhanced Web-based
interventions considered in both reviews included additional
programs, such as email-based behaviora therapy delivered by
a doctoral-level therapist (including feedback and behavioral
lessons), behavioral e-counseling provided by a counselor
(weekly email behavioral counseling and feedback), and
automated e-counseling (weekly automated and tailored
messages). Sharma [23] reported a greater weight reductionin
behavioral e-counseling conditions compared to basic
Web-based programs, and Manzoni et a [16] concluded that
Web-based behavioral programs enhanced by tailored feedback
or self-monitoring resulted in more effective weight reduction
than education-only Web-based interventions. Similarly,
Osei-Assibey et a [24] found that weight change was greater
for Web-based programs supporting collaborative interactions
than for Web-based educational interventions. Furthermore,
Weinstein [12] concluded that online counseling may beavalid
alternative to time-consuming clinical programsand health care
costs. Still, in Altman and Wilfley [28], an included study
revesaled a Web-based lifestyle behavior modification program
to be more effective that a\Web-based health education program
at treatment termination, but not at 2-year follow-up (probably
because program usage decreased over time). There was some
evidence that website usage was associated with enhanced
outcomes. For example, one study included in Chang et al [19]
reported a Web-mediated walking program that was
administered both alone and in conjunction with online
community components. No differenceswerefound in physical
activity outcomes between participants who had accessto social
media versus those who did not; however, among participants
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using online communities, higher use of socia media was
associated with greater weight loss. Overal, these findings
suggest that tailored and interactive Web-based interventions
promote greater weight |0ss than basic Web-based interventions
(ie, delivering information via the Internet). However, results
also indicate that utilization of Web-based resources has
potential to boost treatment effectiveness.

Within-Subject Comparisons

Aremand Irwin’'sreview [13] summarized the results of studies
measuring within-group effects of Web-based interventions by
comparing weight outcomes before and after treatment. Findings
indicate Web-based interventions caused a decrease in weight
ranging from 0.8 kg (considered to be natural noise) to 4.9 kg.
The authors concluded that the large degree of treatment
heterogeneity across studies reduced their ability to make
reliable conclusions.

Web-Based I nterventionsfor Weight L ossM aintenance

Web-Based | nterventions Versus Control Conditions
(Minimal I nterventions)

Six reviews compared Web-based weight loss maintenance
interventions with control conditions with consistent results.
Specifically, Neve et a [14], Manzoni et al [16], Gilmartin and
Murphy [29], Young et al [26], Bennett et al [20], and Wieland
et al [18] found that Web-based interventionswere, on average,
significantly more effective than minimal interventions in
promoting weight |oss maintenance.

Web-Based | nterventions Versus Non-Web-Based
Comparable | nterventions

Two systematic reviews reported results of studies comparing
Web-based interventions for weight loss maintenance with
non-Web-based comparable interventions. Kodama et a [15]
concluded that, in comparison with non-Web-based conditions,
Web-based programs were ineffective. In contrast, Bennett et
al [20] reported on a study in which an interactive Web-based
intervention was compared to a monthly face-to-face or
telephone-based intervention. In this case, the amount of weight
regained did not differ significantly between the two
interventions. Overall, theinconsistent resultsfor this particular
comparison of treatments may be due to the diverse
characteristics of the non-Web-based interventions that were
provided.

Web-Based | nterventions Versus Face-to-Face
I nterventions

Changeet al [19], Weinstein[12], Neve et a [14], and Manzoni
et al [16] reported that maintenance of weight loss was similar
between Web-based and non-Web-based face-to-face
interventions. In comparison, Gilmartin and Murphy [29] and
Wieland et a [18] concluded that Web-based treatments were
less effective than face-to-face interventions, especialy if the
latter were intensive and not minima [12]. Specificaly,
Gilmartin and Murphy [29] stated that face-to-face interventions
and facilitator-led interventions were more eective than
remotely delivered methods such as Web-based interventions.
Finally, Wieland et a [18] referred to three studies comparing
face-to-face interventions with Web-based interventions for
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weight loss maintenance. Both minimal (once monthly or less)
and intensive (more than once per month) face-to-face
interventions were found to be more effective than
computer-based interventions. However, the amount of weight
lost by persons assigned to the control (minimal) conditions
was relatively small and was not maintained in the long term,
making the clinical significance of these differences unclear.

Strengthsand Weaknesses of Web-Based | nterventions
for Weight L oss and Weight L oss Maintenance

Eleven systematic reviews provided information about the
strengths and weaknesses of the evaluated Web-based
interventions, with seven of them specifically identifying three
advantages of Web-based interventions:

They may enhance perceived self-control within treatment.
Specifically, Levine et a [30], Manzoni et a [16], Kodama et
al [15], and Raaijmakers et a [31] pointed out that Web-based
interventions allow people to self-monitor their weight and
behaviors, thereby increasing their perceived sense of control
and ultimately reducing the number of dropouts [15].

They may facilitate patient-patient and patient-expert
interactions, thus allowing people to receive regular consi stent
feedback on their behaviorsand answersto questions[16,30,31].

Web-based interventionsfor weight |oss are more cost-effective
than standard treatments [31].

Only three systematic reviews reported weaknesses associated
with Web-based interventions for weight loss and weight loss
maintenance. Arem and Irwin [13] reported that the limited
effectiveness of Web-based interventions may be due to the
restricted range of programs and updates that are available,
which may not always be suitable to meet users’ needs. Bennett
et a [20] and Chang et ad [19] indicated that Web-based
treatments may be affected by low levels of familiarity and
self-efficacy associated with managing Web technologies, as
well as by limitations associated with access to the Internet.

Discussion

Principal Results

To our knowledge, this systematic review of systematic reviews
represents the first state-of-the-art analysis of Web-based
intervention efficacy for weight loss and weight loss
maintenance. According to the selection criteria, 20 systematic
reviews were deemed eligible for inclusion. All 20 systematic
reviews were published in 2005 or later. They mainly
investigated Web-based interventionsfor weight | oss, with only
a few investigating Web-based interventions for weight loss
maintenance. Findings from the meta-systematic review
regarding Web-based interventions for weight loss and weight
loss management were mixed; in fact, the findings within the
included systematic reviews are often conflicting, particularly
in relation to the efficacy of Web-based weight loss
interventions. The conflicting resultsarelikely dueto the notable
heterogeneity of inclusion criteriaacrossthe systematic reviews
for selecting primary studies. Nevertheless, all the included
systematic reviews demonstrated methodological rigor
(R-AMSTAR score 222), although none received the highest
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possible score for methodological quality. Specificaly,
Hartmann-Boyce et al [27] was the only systematic review that
fully met the 11th R-AMSTAR criterion of disclosing conflicts
of interest, ensuring the validity of the systematic review results.
Indeed, by not declaring conflicts of interest, it isimpossible to
rule out the existence of publication bias. The synthesis of the
included systematic reviews identified both strengths and
weaknesses of the Web-based interventionsfor both weight loss
and weight loss maintenance. Web-based interventions may
facilitate continuous and automated tracking of health-related
behaviors by supporting self-regulatory techniques, patient
involvement, and patient commitment to treatment. Moreover,
Web-based connectivity permits the sharing of information
among health professionals and peers. However, the efficacy
and dissemination of Web-based interventions may be affected
by the gap in access to computers and the Internet, as well as
the lack of technological literacy among potential users.

Limitations

In conducting this systematic review of systematic reviews, it
was sometimes difficult to make a clear distinction between
Web-based interventions (delivered over the Internet) and
computer-based interventions (delivered over the Internet or by
installing computer software) because these terms are often used
interchangeably or defined differently [18]. It was also difficult
to compare the overall effects across systematic reviews since
they were calculated differently (ie, weighted mean difference
vs standardized mean difference). Furthermore, conclusions of
a second-order review are not drawn from results of primary
studies, but from reviews that have synthesized the results of
primary studies. Because the same primary studies were often
included in more than one systematic review, not only did this
overrepresentation prevent meta-meta-analysis of the efficacy
of Web-based interventions for weight loss and weight loss
maintenance, it also compromised the accuracy of the
meta-systematic review findings, thus affecting the actual
reliability of findings based on second-order data synthesis. In
addition, because the number of primary studies on which each
systematic review was based varied substantialy (from 1 to
25), the findings from some systematic reviews were based on
more evidence than the findings of other systematic reviews.
Given the limitations associated with this meta-systematic
review, the conclusions should beinterpreted with some caution.

Conclusion

Are Web-Based I nterventions for Weight Loss and
Weight L oss Maintenance Effective?

This systematic review of systematic reviews concludes that
Web-based interventionsfor weight loss are often more effective
than minimal treatments (only Neve et a [14] reached different
conclusions); however, when compared with non-Web-based
or hybrid interventions, results appear inconsistent across
reviews. More encouraging resultsin terms of weight losswere
obtained when Web-based interventions were enhanced (ie,
more interactive and tailored) than when they were basic (ie,
information website). Nevertheless, Web-based interventions
for weight losswere less effective than face-to-face interventions
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across the selected reviews. Results were more encouraging in
relation to Web-based weight loss maintenance interventions,
which were found to be more effective than minimal
interventions across all the reviews and, in some reviews, as
effective as the non-Web-based counterpart. The decision of
whether or not to substitute an in-person intervention for weight
loss maintenance with a comparable Web-based treatment
mainly depends on patient costs, needs, and preferences.

These conclusions should be considered cautiously. Reported
effect sizes were small; for example, weight loss of 1 to 2 kg
may not by clinically significant, irrespective of significance
level. Also, conclusions might be affected by heterogeneity
across primary studies. Infact, research designs differed interms
of type of intervention, sample size, duration, control condition,
etc. Although the conclusionsfrom this meta-systematic review
are of significant interest, the real impact of Web-based
interventions for weight loss remains unclear, suggesting the
need for greater clarity in both the definition and specificity of
the different types of Web-based treatments available, as well
as how each intervention can be best matched to users’ needs.
Further evidence is therefore necessary.

Suggestions and I mplications for Future Research

Authors interested in providing a new summary review of the
literature on the efficacy of Web-based interventionsfor weight
loss and weight loss maintenance for obese and overweight
patients can refer to the list of included records reported in
Multimedia Appendix 2. A total of 83 primary studies
investigating the effectiveness of onlineinterventionsfor weight
loss and weight loss maintenance were identified, analyzed, and
compared across systematic reviews. A single study-level review
of these primary studies that pinpoints differences and
inconsistences across the primary studies would be beneficial.
In addition, meta-analysis of these primary studies would
provide a quantitative summary of the efficacy of Web-based
treatments for weight loss and weight |oss maintenance.

Future systematic reviews should provide a high level of detail
when reporting primary study effect sizes. Specifically, detailed
information about the nature of the comparison conditions
(especialy for instancesin which there are multiple comparison
conditions) and the various types of efficacy outcomes is
necessary to allow other researchers and practitioners to more
clearly interpret the results and to facilitate replication of these
studies. Also, the effects of Web-based interventionsfor weight
loss and Web-based interventions for weight loss maintenance
should not be compared with each other [ 15] because they differ
in both aims and outcomes. In addition, researchers and
practitioners should carefully consider the cost of Web-based
intervention; athough technology-based treatments are
fundamental in reducing health care costs, cost-effectivenessis
often not adequately evaluated (if at al) in comparing
Web-based and faceto-face interventions. Therefore,
interventions should be compared in terms of both efficacy and
cost-effectiveness (see Raaijmakers et a [31] and Wieland et
al [18] for examples of reviewsthat eval uated treatment efficacy
and cost-effectiveness).

JMed Internet Res 2017 | vol. 19 | iss. 6 [€229 | p.127
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Sorgente et al

Authors Contributions

GMM conceived the study. SP and FR conducted the literature searches and extracted, tabulated, and interpreted data. ASresolved
any controversy, outlined the study design, and wrote the first draft of the manuscript. GP contributed to data interpretation and
manuscript writing. SS revised the first and last drafts of the manuscript for content and the English language. AR, RC, and Ml
revised the advanced versions of the manuscript. JBJ revised the final version of the manuscript for both content and the English
language. GC approved the final version of the manuscript. No author received financial support for the research, authorship,
and/or publication of this article.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Reasons for exclusion for each record.

[XLSX File (Microsoft Excel File), 112KB - jmir_v19i6e229 appl.xlsx ]

Multimedia Appendix 2
Target studiesincluded in thereviews.

[XLSX File (Microsoft Excel File), 25KB - jmir_v19i6e229 app2.xIsx ]

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab 2004 Jun 01;89(6):2583-2589 [FREE Full text] [doi:
10.1210/jc.2004-0535]

Taylor VH, Forhan M, Vigod SN, Mclntyre RS, Morrison KM. Theimpact of obesity on quality of life. Best Pract Res
Clin Endocrinol Metab 2013 Apr;27(2):139-146. [doi: 10.1016/j.beem.2013.04.004]

Puhl RM, Heuer CA. The stigma of obesity: areview and update. Obesity 2009 May 17;17(5):941-964. [doi:
10.1038/0by.2008.636]

Castelnuovo G, PietrabissaG, Manzoni GM, Corti S, Ceccarini M, Borrello M, et a. Chronic care management of globesity:
promoting healthier lifestylesin traditional and mHealth based settings. Front Psychol 2015 Oct 15:1557-1558. [doi:
10.3389/fpsy.2015.01557]

Wadden TA, Butryn ML, Wilson C. Lifestyle modification for the management of obesity. Gastroenterology 2007
May;132(6):2226-2238. [doi: 10.1053/j.gastro.2007.03.051]

Castelnuovo G, Manzoni GM, VillaV, Cesa G, Pietrabissa G, Molinari E. The STRATOB study: design of arandomized
controlled clinical trial of Cognitive Behavioral Therapy and Brief Strategic Therapy with telecare in patients with obesity
and binge-eating disorder referred to residential nutritional rehabilitation. Trials 2011 May 09;12(114):1-7. [doi:
10.1186/1745-6215-12-114]

Kersting A, Schlicht S, Kroker K. Internet therapy. Opportunities and boundaries. Nervenarzt 2009 Jul;80(7):797-804. [doi:
10.1007/s00115-009-2721-5]

Dolemeyer R, Tietjen A, Kersting A, Wagner B. Internet-based interventions for eating disordersin adults: a systematic
review. BMC Psychiatry 2013 Aug 06;13(270):1-16. [doi: 10.1186/1471-244X-13-207]

Smith V, Devane D, Begley C, Clarke M. Methodology in conducting asystematic review of systematic reviews of healthcare
interventions. BMC Med Res Methodol 2011 Feb;11(15):1-6. [doi: 10.1186/1471-2288-11-15]

Johnson K. Database Search Tips and Tricks. Los Angeles, CA: Meriam Library, California State University; 2002 Feb.
URL: https://www.csuchico.edu/lins/handouts/Database Search_Tips.pdf [accessed 2017-06-01] [WebCite Cache ID
60gu6CTOLX]

Kung J, Chiappelli F, CajulisOO, AvezovaR, Kossan G, Chew L, et al. From systematic reviewsto clinical recommendations
for evidence-based health care: validation of Revised Assessment of Multiple Systematic Reviews (R-AMSTAR) for
grading of clinical relevance. Open Dent J 2010;4:84-91. [doi: 10.2174/1874210601004020084]

Weinstein PK. A review of weight loss programs delivered viathe Internet. J Cardiovasc Nurs 2006;21(4):259-260. [Medline;
16823276]

Arem H, Irwin M. A review of web-based weight loss interventions in adults. Obes Rev 2011 May;12(5):236-243 [FREE
Full text] [doi: 10.1111/].1467-789X.2010.00787.x] [Medline: 20804523]

Neve M, Morgan PJ, Jones PR, Collins CE. Effectiveness of web-based interventions in achieving weight loss and weight
loss maintenance in overweight and obese adults: a systematic review with meta-analysis. Obes Rev 2010;11(4):306-321.
[doi: 10.1111/j.1467-789X.2009.00646.X]

Kodama S, Saito K, Tanaka S, Horikawa C, Fujiwara K, HirasawaR, et al. Effect of Web-based lifestyle modification on
weight control: ameta-analysis. Int J Obes (Lond) 2012;36(5):675-685. [doi: 10.1038/ij0.2011.121]

http://www.jmir.org/2017/6/e229/ JMed Internet Res 2017 | vol. 19 | iss. 6 [€229 | p.128

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v19i6e229_app1.xlsx&filename=f6602a3f8a2b40db65f9bc21cf780882.xlsx
https://jmir.org/api/download?alt_name=jmir_v19i6e229_app1.xlsx&filename=f6602a3f8a2b40db65f9bc21cf780882.xlsx
https://jmir.org/api/download?alt_name=jmir_v19i6e229_app2.xlsx&filename=c1a5ffa406e0ed8ef15b75700756f02b.xlsx
https://jmir.org/api/download?alt_name=jmir_v19i6e229_app2.xlsx&filename=c1a5ffa406e0ed8ef15b75700756f02b.xlsx
https://academic.oup.com/jcem/article-lookup/doi/10.1210/jc.2004-0535
http://dx.doi.org/10.1210/jc.2004-0535
http://dx.doi.org/10.1016/j.beem.2013.04.004
http://dx.doi.org/10.1038/oby.2008.636
http://dx.doi.org/10.3389/fpsyg.2015.01557
http://dx.doi.org/10.1053/j.gastro.2007.03.051
http://dx.doi.org/10.1186/1745-6215-12-114
http://dx.doi.org/10.1007/s00115-009-2721-5
http://dx.doi.org/10.1186/1471-244X-13-207
http://dx.doi.org/10.1186/1471-2288-11-15
https://www.csuchico.edu/lins/handouts/Database_Search_Tips.pdf
http://www.webcitation.org/6qu6CTOLx
http://www.webcitation.org/6qu6CTOLx
http://dx.doi.org/10.2174/1874210601004020084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16823276&dopt=Abstract
http://europepmc.org/abstract/MED/20804523
http://europepmc.org/abstract/MED/20804523
http://dx.doi.org/10.1111/j.1467-789X.2010.00787.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20804523&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00646.x
http://dx.doi.org/10.1038/ijo.2011.121
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sorgente et al

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Manzoni GM, Pagnini F, Corti S, Molinari E, Castelnuovo G. Internet-based behavioral interventionsfor obesity: an updated
systematic review. Clin Pract Epidemiol Ment Health 2011 Mar 04;7:19-28. [doi: 10.2174/1745017901107010019]

Reed VA, Schifferdecker KE, Rezaee ME, O?Connor S, Larson RJ. The effect of computers for weight loss: a systematic
review and meta-analysis of randomized trials. J Gen Intern Med 2012;27(1):99-108. [doi: 10.1007/s11606-011-1803-9]
Wieland LS, Falzon L, SciamannaCN, Trudeau KJ, Brodney S, Schwartz JE, et al . Interactive computer-based interventions
for weight loss or weight maintenance in overweight or obese people. Cochrane Database Syst Rev 2012;8:1-157. [doi:
10.1002/14651858.CD007675.pub2]

Chang T, Chopra V, Zhang C, Woolford SJ. The role of social mediain online weight management: systematic review. J
Med Internet Res 2013 Nov 28;15(11):€262 [FREE Full text] [doi: 10.2196/jmir.2852] [Medline: 24287455]

Bennett GG, Steinberg DM, Stoute C, Lanpher M, Lane |, Askew S, et al. Electronic health (eHealth) interventions for
weight management among racial/ethnic minority adults: a systematic review. Obes Rev 2014 Oct;15(4):146-158. [doi:
10.1111/0br.12218]

Grunenberg E, Lin J, Baumeister H. [Effectiveness of web-based psychological interventions for weight loss--a systematic
review]. Rehabilitation (Stuttg) 2013 Jun;52(3):182-187. [doi: 10.1055/s-0033-1343489] [Medline: 23761207]

Tsai AG, Wadden TA. Systematic review: an evaluation of magjor commercial weight loss programsin the United States.
Ann Intern Med 2005;142(1):56-66. [doi: 10.7326/0003-4819-142-1-200501040-00012]

SharmaM. Behavioural interventions for preventing and treating obesity in adults. Obes Rev 2007 Sep;8(5):441-449. [doi:
10.1111/j.1467-789X.2007.00351.x] [Medline: 17716301]

Osei-Assibey G, Kyrou |, Adi Y, Kumar S, Matyka K. Dietary and lifestyle interventions for weight management in adults
from minority ethnic/non-White groups: a systematic review. Obes Rev 2010;11(11):769-776. [doi:
10.1111/j.1467-789X.2009.00695.x]

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic review of the literature. JAm Diet Assoc
2011;111(1):92-102. [doi: 10.1016/j.jada.2010.10.008]

Young MD, Morgan PJ, Plotnikoff RC, Callister R, Collins CE. Effectiveness of male-only weight loss and weight loss
maintenance interventions: a systematic review with meta-analysis. Obes Rev 2012 May;13(5):393-408. [doi:
10.1111/j.1467-789X.2011.00967.x]

Hartmann-Boyce J, Johns DJ, Jebb SA, Summerbell C, Aveyard P, Behavioural Weight Management Review Group.
Behavioural weight management programmes for adults assessed by trials conducted in everyday contexts: systematic
review and meta-analysis. Obes Rev 2014 Nov;15(11):920-932 [FREE Full text] [doi: 10.1111/0br.12220] [Medline:
25112559]

Altman M, Wilfley DE. Evidence update on the treatment of overweight and obesity in children and adolescents. JClin
Child Adolesc Psychol 2015;44(4):521-537. [doi: 10.1080/15374416.2014.963854] [Medline: 25496471]

Gilmartin J, Murphy M. The effects of contemporary behavioural weight loss maintenance interventions for long term
weight loss: A systematic review. J Res Nurs 2015;20(6):481-496. [doi: 10.1177/1744987115599671]

Levine DM, Savarimuthu S, Squires A, Nicholson J, Jay M. Technology-assisted weight loss interventionsin primary care:
asystematic review. J Gen Intern Med 2015 Jan;30(1):107-117. [doi: 10.1007/s11606-014-2987-6]

Raaijmakers LC, Pouwels S, Berghuis KA, Nienhuijs SW. Technology-based interventionsin the treatment of overweight
and obesity: A systematic review. Appetite 2015 Dec;95:138-151. [doi: 10.1016/j.appet.2015.07.008]

Webb TL, Joseph J, Yardley L, Michie S. Using the Internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010 Feb 17;12(1):e4. [doi: 10.2196/jmir.1376]

Michie S, Abraham C, Whittington C, McAteer J, Gupta S. Effective techniques in healthy eating and physical activity
interventions: a meta-regression. Health Psychol 2009;28(6):690-701. [doi: 10.1037/a0016136]

Dellifraine JL, Dansky KH. Home-based telehealth: areview and meta-analysis. J Telemed Telecare 2008;14(2):62-66.
[doi: 10.1258/jtt.2007.070709]

Galani C, Schneider H. Prevention and treatment of obesity with lifestyle interventions. review and meta-analysis. Int J
Public Health 2007;52(6):348-359. [Medline: 18368998]

LustriaML, Noar SM, Cortese J, Van Stee SK, Glueckauf RL, Lee J. A meta-analysis of web-delivered tailored health
behavior change interventions. J Health Commun 2013;18(9):1039-1069. [doi: 10.1080/10810730.2013.768727]
Womble LG, Wadden TA, McGuckin BG, Sargent SL, Rothman RA, Krauthamer-Ewing ES. A randomized controlled
trial of acommercial internet weight loss program. Obes Res 2004 Jun;12(6):1011-1018. [doi: 10.1038/aby.2004.124]

Abbreviations

BM1: body mass index

CRD: Centre for Review and Dissemination

DARE: Database of Abstracts of Reviews of Effects
MeSH: Medical Subject Headings

PROSPERO: Prospective Register of Systematic Reviews

http://www.jmir.org/2017/6/e229/ JMed Internet Res 2017 | vol. 19 | iss. 6 [€229 | p.129

(page number not for citation purposes)


http://dx.doi.org/10.2174/1745017901107010019
http://dx.doi.org/10.1007/s11606-011-1803-9
http://dx.doi.org/10.1002/14651858.CD007675.pub2
http://www.jmir.org/2013/11/e262/
http://dx.doi.org/10.2196/jmir.2852
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24287455&dopt=Abstract
http://dx.doi.org/10.1111/obr.12218
http://dx.doi.org/10.1055/s-0033-1343489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23761207&dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-142-1-200501040-00012
http://dx.doi.org/10.1111/j.1467-789X.2007.00351.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17716301&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2009.00695.x
http://dx.doi.org/10.1016/j.jada.2010.10.008
http://dx.doi.org/10.1111/j.1467-789X.2011.00967.x
https://dx.doi.org/10.1111/obr.12220
http://dx.doi.org/10.1111/obr.12220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25112559&dopt=Abstract
http://dx.doi.org/10.1080/15374416.2014.963854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25496471&dopt=Abstract
http://dx.doi.org/10.1177/1744987115599671
http://dx.doi.org/10.1007/s11606-014-2987-6
http://dx.doi.org/10.1016/j.appet.2015.07.008
http://dx.doi.org/10.2196/jmir.1376
http://dx.doi.org/10.1037/a0016136
http://dx.doi.org/10.1258/jtt.2007.070709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18368998&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2013.768727
http://dx.doi.org/10.1038/oby.2004.124
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Sorgente et al

R-AMSTAR: Revised Assessment of Multiple SysTemAtic Reviews
RCT: randomized controlled trial

Edited by M Focsa; submitted 09.11.16; peer-reviewed by M Rethlefsen, J Apolinario-Hagen; comments to author 28.11.16; revised
version received 20.01.17; accepted 26.01.17; published 26.06.17.

Please cite as:

Sorgente A, Pietrabissa G, Manzoni GM, Re F, Smpson S, Perona S, Rossi A, Cattivelli R, Innamorati M, Jackson JB, Castelnuovo
G

Web-Based Interventions for Weight Loss or Weight Loss Maintenance in Overweight and Obese People: A Systematic Review of
Systematic Reviews

J Med Internet Res 2017;19(6):€229

URL: http://mww.jmir.org/2017/6/€229/

doi:10.2196/jmir.6972

PMID: 28652225

©Angela Sorgente, Giada Pietrabissa, Gian Mauro Manzoni, Federica Re, Susan Simpson, SaraPerona, Alessandro Rossi, Roberto
Cattivelli, Marco Innamorati, Jeffrey B Jackson, Gianluca Castelnuovo. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 26.06.2017. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The
complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and license
information must be included.

http://www.jmir.org/2017/6/e229/ JMed Internet Res 2017 | vol. 19 | iss. 6 |€229 | p.130
(page number not for citation purposes)

RenderX


http://www.jmir.org/2017/6/e229/
http://dx.doi.org/10.2196/jmir.6972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28652225&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Radtke et &

Original Paper

Web-Based Alcohol Intervention: Study of Systematic Attrition of
Heavy Drinkers

Theda Radtke!, PhD; Mathias Ostergaard®*, MSc Psych; Richard Cooke*, PhD; Urte Scholz*°, PhD

1Department of Psychology, Applied Social and Health Psychology, University of Zurich, Zurich, Switzerland

%Forel Clinic, Ellikon an der Thur, Switzerland

3Department of Psychology, Clinical Psychology and Clinical Neuropsychology, University of Konstanz, Konstanz, Germany
4Department of Psychology, School of Life and Health Sciences, Aston University, Birmingham, United Kingdom
5University Research Priority Program Dynamics of Healthy Aging, University of Zurich, Zurich, Switzerland

Corresponding Author:
Theda Radtke, PhD
Department of Psychology
Applied Socia and Health Psychology
University of Zurich
Binzmiihlestrasse 14/14
Zurich, 8050

Switzerland

Phone: 41 44 635 72 55
Fax: 4144 635 72 59

Email: theda.radtke@uzh.ch

Abstract

Background: Web-based alcohol interventions are a promising way to reduce alcohol consumption because of their anonymity
and the possibility of reaching a high numbers of individuals including heavy drinkers. However, Web-based interventions are
often characterized by high rates of attrition. To date, very few studies have investigated whether individual s with higher alcohol
consumption show higher attrition rates in Web-based alcohol interventions as compared with individuals with lower alcohol
consumption.

Objectives. The aim of this study was to examine the attrition rate and predictors of attrition in a Web-based intervention study
on alcohol consumption.

Methods: The analysis of the predictors of attrition rate was performed on data collected in a Web-based randomized control
trial. Data collection took place at the University of Konstanz, Germany. A total of 898 people, which consisted of 46.8% males
(420/898) and 53.2% females (478/898) with a mean age of 23.57 years (SD 5.19), initialy volunteered to participate in a
Web-based intervention study to reduce alcohol consumption. Out of the sample, 86.9% (781/898) were students. Participants
were classified as non-completers (439/898, 48.9%) if they did not compl ete the Web-based intervention. Potential predictors of
attrition were self-reported: alcohol consumption in the last seven days, per week, from Monday to Thursday, on weekends,
excessive drinking behavior measured with the Alcohol Use Disorder |dentification Test (AUDIT), and drinking motives measured
by the Drinking Motive Questionnaire (DMQ-R SF).

Results: Significant differences between completers and non-completers emerged regarding acohol consumption in the last
seven days (B=-.02, P=.05, 95% CIl [0.97-1.00]), on weekends (B=-.05, P=.003, 95% CI [0.92-0.98]), the AUDIT (B=-.06,
P=.007, 95% CI [0.90-0.98], and the status as a student (B=.72, P=.001, 95% CI [1.35-3.11]). Most importantly, non-compl eters
had a significantly higher acohol consumption compared with completers.

Conclusions. Hazardous alcohol consumption appearsto be akey factor of the dropout rate in a\Web-based alcohol intervention
study. Thus, it isimportant to devel op strategies to keep participants who are at high risk in Web-based interventions.

(J Med I nternet Res 2017;19(6):€217) doi:10.2196/jmir.6780
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Introduction

Background

According to the World Health Organi zation, hazardous a cohol
consumption is one of the world's leading health risks [1]. A
common definition of hazardous drinking is the consumption
of at least 4 (for girlsor women) or 5 (for boys or men) standard
glasses of alcohol (eg, 0.3 liter beer, 0.2 liter wine, or 0.04 liter
spirits) on asingle occasion [2]. Hazardous alcohol consumption
is most common among young people [1]. For example, in
Germany, young people aged 18 to 29 (1790/7649, 23.40%)
aremost likely to engage in hazardous drinking compared with
other age groups [3]. Long-term consequences of hazardous
consumption includeincreased risk of developing diseases such
as breast cancer, coronary heart disease, and liver cirrhosis[1].
Short-term consequences of hazardous consumption include
poor educational attainment and involvement in other health
risk behaviors such as riding with a driver who had been
drinking, using illicit drugs, and unplanned and unsafe sexual
behavior [4,5]. Against the background of such health
conseguences, the question of why young people consume
alcoholic beverages arises. According to the Motivational Model
of Alcohol Use [6] 2 dimensions are relevant to classify the
motivation to drink alcohol: the valence (positive or negative)
and the source (internal or external) of the outcomesindividuals
expect to achieve from drinking alcohol. On the basis of these
2 dimensions, 4 classes of drinking motives are generated: social
motives (eg, drinking to enjoy socia gatherings), enhancement
motives (eg, drinking to have fun), coping motives (eg, drinking
to handleworriesor personal problems), and conformity motives
(eg, drinking to be part of the group). Among hazardous
drinkers, social motives seem to be more important relative to
the other motives[7].

Due to the high health risks of alcohol consumption and the
high consumption among young individuals, alcohol intervention
programs in young people are of key importance. Due to the
increased use of the Internet by adolescents and young adults,
digital media may be an effective strategy for reaching out to
young people [8,9]. Furthermore, online delivery offers a
cost-effective and an easy way to deliver alcohol intervention
to alarge number of people [10]. Web-based interventions can
be as effective as traditional face-to-face interventions at
reducing alcohol consumption [11,12] with the advantages of
higher availability, greater convenience, and greater anonymity
[13,14] when compared with the more traditional modes of
delivery.

A serious concern with Web-based delivery of interventionsis
the potentially high rates of attrition. According to Postel, de
Haan, ter Huurne, van der Palen, Becker, and Jong [15] attrition
rates of Web-based alcohol interventions can be up to 92%
whereasface-to-faceinterventions show premature termination
rates of around 50% [16].

Many different reasons for attrition in Web-based intervention
studies have been previoudly reported. Technical reasonsinclude
visual appeal, the complexity of the visual presentation, or the
number of questions [17]. Other reasons include low material
incentives [18,19], asking for personal information [20],
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non-familiarity with the Internet [ 15,21-23], or low interest and
motivation to take part [24]. A further aspect comprises the
access to guidance support (eg, via messages) instead of a
self-help Web-based intervention. As shown, attrition rates are
higher in Web-based intervention studieswithout guidance from
a professional compared with Web-based studies with a
counselor [25,26]. Regarding socio-demographic characteristics,
evidences exist that men are more likely to be non-completers
than women (eg, [15,27]) and that attrition rates are lower
among participants with a lower or middle educational level
compared with highly educated participants [28].

A key factor that may cause attrition is engaging in the
behaviour that is the focus of the intervention [29,30]. For
example, Bewick, Trusler, Mulhern, Barkham, and Hill [31]
reported that among participants in their online alcohol
intervention, those who completed the study reported lower
alcohol consumption at baseline compared with participants
who did not complete the study. Similar patterns were found in
other studies (eg, [32,33]). These results support our proposition
that heavier drinkers are less likely to remain in alcohol
interventions [29].

Attrition threatens the internal and external validity of any
intervention [34]. A key consequence of a high attrition rate
among individualsat high risk isthat they are unlikely to benefit
from the intervention. A further key consegquence of retaining
peopleat lower risk isthat intervention results, and interpretation
thereof, are likely to be highly biased [35].

The Study

Few studies to date have provided detailed analyses of attrition
rates and possible reasons [36,37], and to the best of our
knowledge, there are only afew studiesinvestigating systematic
attrition in Web-based a cohol interventions (eg, [15,38]) despite
a high need [39]. In line with previous research [29-32] we
expect that non-completerswill report consuming more alcohol
than compl eters. Relatedly, asit has been shown that hazardous
drinkers report drinking for social motives more than other
motives, we also expect that non-completerswill be morelikely
to report drinking for social motives versus completers. Finally,
in previous alcohol intervention studies[15,28], men were more
likely to dropout than women. The current study tests the
following hypotheses (H):

1. Non-completers will have a higher level of acohol
consumption compared with compl eters.

2. Non-completerswill report higher social motives compared
with completers.

3. Non-completerswill be more likely to be men.

Methods

Participants

Participants were recruited in Germany via the University of
Konstanz student email list, flyers, posters on campus notice
boards, and via social medianetworks (eg, Facebook). The study
was advertised asastudy about individual acohol consumption
habitsto recruit participantswho consume al coholic beverages.
The study took place during an exam free period of the semester
(May and June 2012). Overall, N=1343 people clicked on the
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link to the online questionnaire (see Figure 1). Of those, n=209
had to be excluded because they reported that they had not
consumed any alcohol inthelast 12 months. In addition, n=236
were excluded as they completed less than 5% (3/53) of the
guestionnaire. Although one could argue that thisisalso aform
of attrition, it was not possible to include these participantsin
the analyses due to too many missing values to analyze the
differences between completers and non-compl eters. Thus, the
baseline sample consisted of =898 participants out of which
46.8% (420/898) were male and 53.2% (478/898) were female
with a mean age of 23.57 years (SD 5.19). Out of the total
sample, 86.9% (781/989) were students whereasthe otherswere
employees or freelancers, PhD students, school children, or
interns. Women and men reported high alcohol consumption
rates per week (women: mean=5.74, SD 5.01; men: mean=12.33,
SD 10.93) and high alcohol consumption rates within the last
seven days (women: mean=7.92, SD 7.81; men: mean=16.28,

Radtke et &

SD 15.28); this indicated hazardous acohol consumption
according to the German national drinking guidelines[2].

As an incentive to encourage participation, 10 Amazon gift
cards worth 20 Euros were raffled among participants who
completed al three points of measurement. Students received
no credits for taking part in the study. All individuals
participated voluntarily, gaveinformed consent, and were treated
in accordance with the ethical standards of the Declaration of
Helsinki [40]. Thisimplied that the confidentiality and privacy
of al participants was assured all the time. Only the main
investigator had access to personal information like the e-mail
address. Personal datawere stored separately from datafilesto
ensure a strictly anonymous data analysis. Furthermore, it was
not possiblefor the participantsto fill in the questionnaire twice.
However, participants were able to interrupt filling out the
guestionnaire and return at a later time point to complete the
guestionnaire. All participants who did not answer the
guestionnaires got areminder by email after two days.

Figure 1. Study flow chart. T1=Time point 1, one week after baseline. T2=Follow-up, one week after T1.

Baseline assessment (N=1343)

Exclusion, because of

* no alcohol consumption or not
within the last 12 month (n=209)
* less than 5% data entries at Baseline

\ 4

asssessment (n=230)

Assessed for eligibility at
baseline assessment to be
invited to T1 (n=898)

Declined to participate at T1 (n=293);
early droputs

Exclusion, because of

Y

4

* less than 5% data entries at T1
assessment (n=146); late dropouts

Randomised allocation to the
intervention at T'1 (n=459)

T~

‘ Control group (n=227) |

Declined to participate at T2

(n=15)

| Experimental group (n=232) ‘

Declined to participate at T2
(n=13)

‘ Follow-up (T2) ‘

Design

Thisstudy was designed as a Web-based self-affirmation a cohol
intervention study [41] to test possible moderators and mediators
that may underlie the effects of self-affirmation on health
behavior. The study design is only described briefly because
the present analyses focus on the systematic dropout of
participants from the intervention, rather than the intervention
itself (for further information see [42]). The study consisted of
3 measurement points. Thefirst (baseline) point of measurement
took place in May and June 2012. Only participants who
consumed alcoholic beverages wereincluded in the study. After
one week, participantswere invited by email to take part in the
study (T1) and randomly assigned to the experimental or the

http://www.jmir.org/2017/6/e217/

control group of the self-affirmation intervention (adopted from
[41,43]). Participants in the experimental condition had to
choose one of their most important values from alist of several
values (eg, reliability) and to write down why this value is
important to them. In the control condition, participants were
instructed to write about their least important value from the
listed values and why it might be important to another person.
After this intervention task, all participants had to read health
messages about a cohol consumption. Thisinformation included
adescription of short-term and long-term health risks of heavy
alcohol consumption (eg, cancer), adefinition of heavy drinking,
and the recommended intake of acoholic beverages. Afterwards,
participants had to fill in several measures. Thefinal follow-up
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(T2) took place oneweek later. Again, participantswereinvited
by email to take part in the study.

M easures

The following instruments were included in the online
guestionnaire at the baseline measurement one week prior to
the intervention.

Alcohol Consumption (adapted from [41]). Alcohol consumption
was assessed with 4 items. Before answering the items,
participantswere provided with abrief definition and examples
of standard glasses of different alcoholic beveragesin linewith
the German drinking guidelines [44]. An example is. “One
German standard drink equals 10g to 12g of purealcohol, which
equates to asmall beer (250 ml), or asmall glass of wine (100
ml).” The items concerning alcohol-consumption were ‘How
many standard drinks do you consume per week? (per week),
‘Referring to thelast 7 days, how many standard drinksdid you
consume? (last seven days), ‘How many standard drinks do
you consume from Monday to Thursday? (Monday to
Thursday), and ‘How many standard drinks do you consume
from Friday to Sunday? (on weekends).

The Alcohol Use Disorders Identification Test (AUDIT, [45])
measures excessive drinking behavior. The 10-item
guestionnaire screensfor harmful alcohol use. Anitem example
is, ‘How often do you have six or more drinks on one occasion?
A sum score of eight or above refers to hazardous alcohol
consumption, a score between 16 and 19 refers to harmful
alcohol consumption, and a score higher than 20 indicates a
possible alcohol dependence. Cronbach alpha of the scale was
equal to .83.

The Drinking Motive Questionnaire Revised Short Form
(DMQ-R SF, [46]) measures 4 different motives to drink
alcohol. The socia (Cronbach alpha =.84), enhancement
(Cronbach apha=.76), coping (Cronbach alpha=.86), and
conformity (Cronbach apha=.79) motive dimensions were
assessed with three items each. The 5-point Likert-scaleranges
from 1 = (@lmost) never to 5 = (almost) always. The stem for
each item was ‘| have drunk alcohol in the past 12 months
followed by different item options, for example, ‘...in order to
beliked'. Cronbach alphafor the overall scale was equal to .83.

Data Analysis

All analyses were run using SPSS version 20 (IBM, Somers,
NY, USA) to test the hypotheses. In a first step, t tests and
Chi-sguare tests (threshold for statistical significance P<.05)
were conducted to reveal group differences concerning al cohol
consumption, excessive drinking behavior (AUDIT), drinking
motives (DMQ-R SF), and socio-demographics like gender,
age, and student status. After the detection of differences
between completers and non-completers, the relationship
between dropout classification and possible predictors was
tested with logistic regressions in a second step. Logistic
regression analyses were performed with completion of the
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Web-based self-affirmation intervention as the dependent
variable. Predictor variables showing a significant association
with dropout (based on correlations) were entered into the
model, whereas non-significant variables were removed. In
addition, it was decided to include only one variable regarding
alcohol consumption in the model to avoid multicollinearity as
the variables correlated to a high degree. Thus, 4 models were
calculated. The goodness of fit of the models was evaluated by
the Hosmer-L emeshow test, which needsto be non-significant.

Results

Overall, the baseline sample consisted of n=898 participants.
Of these, 293 participants did not participate at T1 (early
dropouts). A further n=146 participants who began completing
the online questionnaire at T1 dropped out (ie, completed less
than 5% data of the questionnaire) before being allocated to one
of the experimental conditions (late dropouts; see Figure 1).

Overall, no significant differenceswere found between the early
and late dropouts regarding most of the measures. The only two
significant differences were found regarding the AUDIT score
and the amount of alcohol consumption on weekends. Early
dropouts reported significantly higher AUDIT scores compared
with the late dropouts (mean=9.60 vs mean=8.47; t3;7 76=2.19,
P=.03, d=0.21, 95% CI [0.12-2.13]) as well as higher a cohol
consumption on weekends (mean=8.37 vs mean=6.90;
t335.46=2.16, P=.03, d=0.21, 95% CI [0.13-2.82]). On the basis
of these few differences and the fact that the results of the
logistic regression revealed an almost identical pattern of results
when running the anal yses separately for early and late dropouts,
it was decided not to further distinguish between both groups
inthefollowing analyses. Overall, the dropout rate from baseline
to therandomized allocation to theintervention at T1 was48.9%
(439/898). At T2, afurther n=28 dropped out. However, those
non-completersdid not differ significantly from the completers
regarding all measures, except for the sub-dimension coping
motives of the DMQ-R SF (mean=2.08 vs mean=1.59;
ty57=—3.44, P=.001, d=0.67, 95% CI [-0.77 to -0.21]).

Tables 1 and 2 present the descriptive statistics for completers
(n=459) and non-completers (n=439). Significant differences
between compl eters and non-completers were found regarding
alcohol consumption, AUDIT score, coping, enhancement and
socia drinking motives, gender, and student status.
Non-completers showed a significantly higher alcohol
consumption per week, from Monday to Thursday, on weekends
and in thelast seven days. In addition, non-compl eters reported
significantly higher AUDIT scores and higher mean values
regarding social, enhancement, and coping motivesfor drinking
alcohol compared with completers. Furthermore, women and
studentswere morelikely to be completers compared with men
and non-students. No significant differences between completers
and non-completers were found for age, or the conformity
motive.
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Table 1. Sample characteristics (mean, SD) and differences concerning systematic attrition.
Sample characteristics Attrition
Completers Non-completers All All
N=459 N=439
Mean SD Mean SD T P 95%Cl  Cohend
Alcohol consumption (standard drinks)
per week (range 0-70) 7.20 6.85 10.60 10.50 -571 <001 -456t0 .39
-2.23
Monday to Thursday (range 0-40) 2.60 358 3.96 5.37 -445 <001 -1.96to .30
-0.76
Weekends (range 0-45) 5.18 4.76 7.88 7.15 -6.63  <.001 -350t0 .45
-1.90
last seven days (range 0-95) 9.65 9.54 14.17 14.83 -541 <001 -6.16t0 .36
-2.88
AU D|Ta (range 0_27) 7.19 4.20 9.22 5.27 -6.35 <.001 -2.65t0 43
-1.40
Drinking motives (range 1-5)
social motives 315 .92 3.30 .98 -2.33 .02 -0.27to .13
-0.02
enhancement motives 2.88 .92 3.08 .98 -3.22 .001 -0.32t0 .21
-0.08
coping motives 1.62 74 1.78 .85 -2.98 .003 -0.26t0 .20
-0.05
conformity motives 1.33 .57 135 .61 -.55 .58 -0.10to -
0.06
Age (range 16-67) 23,51 5.17 23.63 5.22 -.33 74 -0.80to -
0.57
8AUDIT: Alcohol Use Disorders I dentification Test.
Table 2. Distribution of sample characteristics and differences concerning systematic attrition.
Sample characteristics Attrition
Completers Non-completers
N=459 N=439
N % N % X2 P
Female 269 58.6 208 47.6 10.90 .001
Student 416 90.6 360 82.0 12.61 <.001
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Table 3. Intercorrelations between variables separated by completers (upper half) and non-completers (lower half).
Completers
Non-Completers 12 ob 3 4d 58 6f 79 g" el 10 11¢ 12!
12 - .82 .86 74 71 .23 .28 21 .08 -.03 .34 .02
<.001 <.001 <.001 <.001 <.001 <.001 <.001 071 57 <.001 75
ob .83 - .57 .59 .57 A3 19 21 .06 .00 .26 .04
<.001 <.001 <.001 <.001 .004 <.001 <.001 A9 .99 <.001 37
3 .87 .63 - 71 .68 .24 .28 .16 .04 -.06 .29 -.01
<.001 <.001 <.001 <.001 <.001 <.001 .001 .35 24 <.001 91
4d .80 .66 73 - .61 .26 .26 .16 .05 -.03 .29 .01
<.001 <.001 <.001 <.001 <.001 <.001 <.001 3l 51 <.001 .82
5e .61 47 .61 .56 - 43 .39 .36 .09 -.12 .33 .04
<.001 <.001 <.001 <.001 <.001 <.001 <.001 .06 .009 <.001 .35
6 .25 .18 .29 21 .48 - .57 .16 .25 -.25 .18 A3
<.001 <.001 <.001 <.001 <.001 <.001 .001 <.001 <.001 <.001 .006
79 31 .24 .36 .26 47 .63 - .23 21 -11 12 .07
<001 <001 <001 <001 <001 <001 <001 <001 g o1 16
gh 14 A1 17 14 41 .27 31 - A3 -.01 -.07 -.03
.004 .02 <.001 .003 <.001 <.001 <.001 .006 94 13 49
g .03 .02 .03 .02 .26 .36 .28 .20 - -.09 .07 .07
52 .70 .50 .70 <.001 <.001 <.001 <.001 .07 17 12
10 .02 .05 -.02 .01 -.09 -.29 -11 .01 -.02 - -.05 -51
.65 .28 .69 .83 .06 <.001 .02 .84 .69 .34 <.001
11X .38 .25 .32 .35 .34 13 .08 -.06 .08 .03 - -.05
<.001 <.001 <.001 <.001 <.001 .008 .10 .20 .09 .58 .30
12! -.02 .05 -.06 -.01 .02 .16 .03 -.04 .01 -.46 -.10 -
.74 .26 .19 .97 .69 .001 .56 44 .78 <.001 .04

8Alcohol consumption per week.
bAlcohol consumption Monday-Tuesday.
CAlcohol consumption weekends.
dAlcohol consumption last seven days.
€Alcohol Use Disorders | dentification Test (AUDIT).
fSocial drinking motives.

9Enhancement drinking motives.

hCopi ng drinking motives.

iConformity drinking motives.

jAge.

KGender; 1=male, O=female.

IStudent; 1=student, O=non-student.

In Table 3 the intercorrelations separated by completers and
non-completers are presented. As evident, the intercorrelations
among the great majority of the study variables are similar
across completers and non-completers. Overall, completion of
the study was significantly negatively related with all 4 alcohol
consumption measures (r=-.15 to -.22, P<.001), the AUDIT
score (r =-.21, P<.001), al drinking motives except for
conformity drinking motives (r =-.08 to r =—.11, P=.001 to
.02), gender (r =-.11, P=.001), and status as a student (r =—.12,
P<.001).

http://www.jmir.org/2017/6/e217/

Four multivariate logistic regression analyses were performed
to predict the completion of Web-based alcohol intervention
using the variables outlined above. Results acrossthe 4 analyses
revealed that alcohol consumption on weekends and in the last
seven days, the AUDIT score, and being a student predicted
completion of the study (see Table 4). The higher the alcohol
consumption on weekends and in the last seven days aswell as
the AUDIT score, the more likely an individual was to be a
non-compl eter. Studentswere more likely to complete the study
than non-students. All other variablesincluded in the model did
not significantly predict study completion. Overal, the
regression models showed sufficient goodness of fit.
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Table4. Logistic regression of completion® of the Web-based self-affirmation intervention.

Radtke et &

Scale B SE P Oddsratio  95% CI for odds ratio
Constant Model 1 .30 .33 .36 1.35
Alcohol consumption (standard drinks)

per week -.02 .01 .08 .98 0.96-1.00
AUDIT? -.06 .02 .02 95 0.90-0.99
Drinking motives

social motives .03 .10 75 1.03 0.85-1.25

enhancement motives -.06 .09 .55 .95 0.79-1.14

coping motives -.07 .10 46 .93 0.77-1.13
Gender® -11 15 48 .90 0.66-1.21
Student® 72 21 .001 2.04 135-3.11
R®=.06 (Cox & Snell), .08 (Nagelkerke). Model Model x2g=5.05, P=.75. Correct classification 60.7%.
Constant Model 2 .28 .33 .38 1.33
Alcohol consumption (standard drinks)

Monday to Thursday -.03 .02 .18 97 0.94-1.01
AUDIT? -.07 .02 .002 94 0.90-0.98
Drinking motives

social motives .04 .10 .69 1.04 0.86-1.26

enhancement motives -.07 .09 49 .94 0.78-1.13

coping motives -.06 .10 .52 .94 0.78-1.14
Gender® -.14 15 36 87 0.65-1.17
Student® 73 21 .001 2.08 1.34-3.15
R?=.06 (Cox & Snell), .08 (Nagelkerke). Model x%g=4.36, P=.82. Correct classification 51.3%.
Constant Model 3 .33 .33 31 1.39
Alcohol consumption (standard drinks)

Weekends -.05 .02 .003 .95 0.92-0.98
AUDITY -.04 .02 .08 96 0.92-1.0
Drinking motives

social motives .03 .10 .75 1.03 0.85-1.25

enhancement motives -.04 .10 .67 .96 0.80-1.16

coping motives -.08 .10 .38 .92 0.76-1.11
Gender® -11 15 46 89 0.66-1.21
Student® 68 22 .002 197 1.29-2.99
R?=.07 (Cox & Snell), .09 (Nagelkerke). Model x%5=8.69, P=.37. Correct classification 61.0%.
Constant Model 4 30 33 36 1.35
Alcohol consumption (standard drinks)

last seven days -.02 .01 .05 .99 0.97-1.00
AUDIT? -.06 .02 .007 .94 0.90-0.98
Drinking motives

social motives .04 .10 .68 1.04 0.86-1.26
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Scale B SE P Oddsratio  95% CI for oddsratio
enhancement motives -.06 .09 52 .94 0.78-1.13
coping motives -.07 .10 A7 .93 0.77-1.13
Gender® -1 15 46 .89 0.66-1.21
Student 72 21 .001 2.05 135311
R?=.06 (Cox & Snell), .08 (Nagelkerke). Model x%5=4.65, P=.80. Correct classification 60.3%.
8Completion: 0=non-completers, 1=completers.
BAUDIT: Alcohol Use Disorders I dentification Test.
®Gender: 1=male, O=female.
dstudent: 1=student, O=non-student.
why individuals at risk (especialy regarding alcohol

Discussion

Principal Findings

This study found that individuals who reported higher acohol
consumption on weekends and in the last seven days were less
likely to complete a Web-based alcohol intervention over and
above other predictors, providing support for Hypothesis 1. In
addition, higher likelihood of problematic alcohol consumption
as indicated by higher AUDIT scores positively predicted the
dropout rate over and above other predictors. In line with our
Hypotheses 2 and 3, non-completers reported higher levels of
socia drinking motives compared with completers, and men
were more likely to dropout compared with women. However,
socia drinking motives and gender did not predict completion
of the study over and above other predictors, so Hypotheses 2
and 3 haveto be rgected. However, we found that students were
more likely to complete a Web-based a cohol intervention than
non-students.

As assumed in Hypothesis 1, non-completers showed higher
levels of alcohol consumption compared with completers. There
are severa explanations for the higher attrition rate among
individua swith higher alcohol consumption and higher AUDIT
scores. Participants with higher acohol consumption and
AUDIT scores may have responded with defensive reactivity
[41] when confronted with the definition of a standard drink
and further information about acceptable and excessive al cohol
consumption, which could have led to dissatisfaction with the
study in general or the intervention in particular and
consequently to a dropout (see also [15]). Another explanation
for early termination of the study could be the experience of
cognitive dissonance [47] in individuals with higher alcohol
consumption and AUDIT scores when learning about the
German drinking guidelines and eval uating their drinking against
these guidelines. Early termination of study participation could
have been oneway to resolve their cognitive dissonance. Inline
with this, participants might aso have terminated the
intervention as they might have recognized that a reduction of
their level of alcohol consumption is not realistic. However, all
these explanations remain specul ative and can account only in
some parts for the finding of a higher attrition rate among
individuals with a high alcohol consumption. Therefore and
because only very few studies exist that examined reasons for
dropout [48], future research should examine in more detail

http://www.jmir.org/2017/6/e217/

consumption) have higher attrition rates.

However, some differences emerged regarding the different
measures of alcohol consumption included in this study. Despite
significant mean differences between completers and
non-completers concerning alcohol consumption per week as
well as the alcohol consumption from Monday to Thursday,
these two acohol measures did not significantly contribute to
the prediction of the dropout rate in the regression analysesin
comparison to other predictors. This provides an important
information on the characteristics of a group that might be
especially hard to reach: this study’sresultsindicate that it might
be especially important to addressinterventionsin young adults
engaging in excessive weekend drinking [49]. These results
also emphasi ze the importance of assessing more than asingle
indicator of alcohol consumption aswasdonein thisstudy. This
is of high importance especialy for heavy alcohol drinkers or
alcohol abusers. Severa explanations have been offered why
thoseindividual stend to underreport their al cohol consumption.
Other than forgetting, the way how alcohol consumption was
measured might also lead to biased self-reports[50]. To resolve
such problems with self-reports, Sobell and Sobell [50]
recommend including a minimum set of essential items, such
as, usual quantity of drinking. In addition, future studies might
also want to complement self-reported alcohol consumption
with objective measures such as blood acohol concentration,
the enzymes gamma glutamyl transpeptidase (gamma-GTP),
glutamic-oxal oacetic transaminase (GOT), or glutamic-pyruvic
transaminase (GPT) [50,51]. However, objective measurements
are not suitable for al alcohol-related studies like Web-based
surveys or interventions like in this study. The reason isthat an
objective measurement of alcohol consumption requires a
face-to-face contact with participants. In addition, there are also
shortcomings of objective measurements. For example, the
measurement of gamma-GTP does not guarantee to be a sole
indicator of excessive alcohol consumption as an increased
serum gamma-GTP activity is al so associated with overweight
[51]. The same problem of the causal relationship appliesto the
assessment of the GOT and GPT levels. These objective
measures provide information about the severity of the liver
disease, which might be a consequence of excessive acohol
consumption [52].

Contrary to Hypothesis 2 drinking motives were not significant
predictors of study completion in contrast to other predictors
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like alcohol consumption as revealed by logistic regression
analyses. However, significant mean differences between
completers and non-completers emerged regarding drinking
motives. As expected, hon-completers reported higher social
drinking motives compared with completers. In addition, coping
and enhancement drinking motives were higher among
non-completers [7,53], whereas there was no difference
regarding conformity motives. As non-completersin this study
are characterised asindividual swith high alcohol consumption,
this result is in line with research showing that conformity
motives are generally not related to alcohol consumption (eg,
[54]). Concerning Hypothesis 3, it was found that more men
than women dropped out in the current study. Thisisin line
with the result that men reported higher alcohol consumption
compared with women as also found in other studies [15,28].
However, as gender did not emerge as a significant predictor
in the logistic regression analysis, it appears that alcohol
consumption isamoreimportant factor for attrition than gender.

An additional predictor of completing the study was student
status. Students were more likely to complete the study as
compared with non-students. This result is in contrast to
previousresearch, which did not find a difference regarding the
level of education and attrition in Web-based studies [15,55].
However, previous studies also reported that individuals with
higher education and higher socioeconomic status are more
likely to take part in psychological surveys and interventions
(eg, [56,57]). Thus, further research is recommended to focus
on the socioeconomic status and the level of education as a
predictor of completion of a Web-based intervention; as
alcohol-related harms are more likely in individual s with lower
educational attainment and or |ower socioeconomic status this
isakey issue to resolve. Furthermore, it might also be the case
that students are more familiar with the participation in
Web-based studies. The reason for that might be that numerous
studies, lecture evaluations, or surveys via Internet take place
at the University of Konstanz. This might enhance the
probability that students have lower attrition rates in contrast
to non-students. In addition, it might also be the case, that
students are more willing to spend time filling out further
guestionnaires compared with non-students as non-students

Radtke et &

might be less flexible due to amore stringent working schedule.
Furthermore, it might be possible that amazon vouchers that
were raffled among participants were more attractive for
students due to atight budget compared with non-students.

Limitations

This study is not without limitations. First, al the information
was derived from self-reports, which might cause a bias due to
socia desirability and memory effects like forgetting [50,58].
Therefore, future research is recommended to use objective
measurements (eg, breathalyzer for estimating blood alcohol
concentration, see discussion above) athough self-reported
alcohol consumption has been shown to be reliable and valid
[50,59]. However, the validity and reliability depends upon the
accurate measure of acohol consumption. Therefore,
standardized alcohol consumption measures should be used. In
this study one of the 4 acohol measures (AUDIT) was a
standardized one. Nonetheless, the other measures included in
this study followed Sobell and Sobell”s recommendations how
to best measure alcohol consumption [50].

A second limitation of the study is that the sample consisted
mainly of students (781/898, 86.4%). As outlined above, a
greater heterogeneity in socioeconomic statuswould bedesirable
to learn more about the characteristics of people at most risk
for hazardous acohol consumption. However, as alcohol
consumption in students is a problem per se [7,31,32,60], this
study is nonetheless able to make a significant contribution to
the identification of risk factors for attrition of
alcohol-intervention studies.

Conclusions

Reducing attrition is essential for any intervention. Usually,
interventions are designed to reach people who are at the most
risk. Unfortunately, as shown by this study, individuals with
higher alcohol consumption were morelikely to dropout before
or at the beginning of the intervention. Thus, it isimportant to
develop and test different strategies to keep participants who
are at high risk in Web-based interventions. Only after taking
this into account can the effectiveness of Web-based
interventionsfor individual s at high risk be evaluated correctly.
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Abstract

Background: Health technologies are being developed to help people living at home manage long-term conditions. One such
technology is “lifestyle monitoring” (LM), a telecare technology based on the idea that home activities may be monitored
unobtrusively via sensorsto give an indication of changesin health-state. However, questions remain about LM technology: how
home activities change when participants experience differing health-states; and how sensors might capture clinically important
changes to inform timely interventions.

Objective: The objective of this paper was to report the findings of a study aimed at identifying changes in activity indicative
of important changesin health in people with long-term conditions, particularly changes indicative of exacerbation, by exploring
the relationship between home activities and health among people with heart failure (HF). We aimed to add to the knowledge
base informing the development of home monitoring technologies designed to detect health deterioration in order to facilitate
early intervention and avoid hospital admissions.

Methods: This qualitative study utilized semistructured interviews to explore everyday activities undertaken during the three
health-states of HF: normal days, bad days, and exacerbations. Potential recruitswereidentified by specialist nursesand attendees
at an HF support group. The sample was purposively selected to include a range of experience of living with HF.

Results: The sample comprised a total of 20 people with HF aged 50 years and above, and 11 spouses or partners of the
individuals with HF. All resided in Northern England. Participant accounts revealed that home activities are in part shaped by
the degree of intrusion from HF symptoms. During an exacerbation, participants undertook activities specifically to ease symptoms,
and detailed activity changes were identified. Everyday activity was a so influenced by arange of factors other than health.

Conclusions: The study highlights the importance of careful development of LM technology to identify changes in activities
that occur during clinically important changes in health. These detailed activity changes need to be considered by devel opers of
LM sensors, platforms, and algorithmsintended to detect early signs of deterioration. Results suggest that for LM to move forward,
sensor set-up should be personalized to individual circumstances and targeted at individual health conditions. LM needs to take
account of the uncertainties that arise from placing technology within the home, in order to inform sensor set-up and data
interpretation. This targeted approach islikely to yield more clinically meaningful data and address some of the ethical issues of
remote monitoring.

(J Med Internet Res 2017;19(6):€231) doi:10.2196/jmir.6931
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Introduction

Background

Health services around the world are facing the challenge of
providing care for an increasing number of people living with
long-term conditions (LTC) within the community [1-3]. The
greatest challenges arise from complex or difficult-to-manage
conditions—for example, unstable conditions that are subject
to exacerbations [4], complex multiple LTCs [5,6], or
circumstances that increase vulnerability, such as old age [5]
or living alone [7,8]. Health technologies are being devel oped
to help people living a home manage LTCs. One such
technology is “Lifestyle Monitoring” (LM), a telecare
technology based on theideathat everyday homeactivitiesmay
be indirectly monitored via sensorsto give an indication of the
changing health state [9-13]. Thisremote monitoring technology
is designed to unobtrusively monitor participants home
activities over time, with the aim of identifying signs of
deterioration as part of the clinica management approaches
within aprimary or community care setting.

Activity measures are commonly used to assess medical and
socia needs in older people (eg, [14,15]) by indirectly testing
the effects of disease on the ability to perform everyday
activities, such as climbing the stairs or preparing ameal [16].
Currently such testsare mostly carried out either by health care
professionals observing the performance of activities or by
patients self-reporting their abilities. Thesetests are carried out
either on a single occasion or at infrequent intervals. LM
technology has been developed to infer home activities on a
continuous basis using sensors sited around the home.

Reviews of LM research have highlighted deficitsin knowledge
[17,18]. Key to this are issues around whether and how home
activities change during deteriorationsin health. Gokalp et al[ 18]
identified three key areas for further investigation in their
review: (1) determining the correlation between changes in
activities of daily living and well-being or health status (ie,
extracting useful information relevant to subjects’ well-being),
(2) determining the most effective set of sensors, and (3) the
lack of a decision model which explains how changes in
monitored activity relate to changes in health, which in turn
could inform the actions of health services. This paper focuses
on the first two issues: (1) whether and how home activities
change during deteriorations in health, and (2) if changes do
occur, how these might be captured by sensors sited around the
home. The study also informs debate on the third issue raised
by the review, relating to the processes of clinical
decision-making using information derived from remote
monitoring technologies.

Previous LM studies have described various approaches to
remotely monitoring home activities with the aim of detecting
deteriorations in health. One common method has been to use
sensors to create an electronic version of the activities of daily
living (ADL) measure within the home, but this method has so
far not provided a practical means of detecting clinicaly

http://www.jmir.org/2017/6/e231/

meaningful changes in home activity of patients [17,18]. This
study approaches this key issue in a different way. We sought
to provide a detailed qualitative exposition of whether and how
activities change within the home during the various health
states of a long-term condition; and through this lived
experience, to inform the design of LM technology.

Aims

This paper reports the findings of a study examining everyday
activities in people with heart failure (HF) in varying health
states in order to identify whether participant activities change
in distinctive ways across the health states, and particularly
during an exacerbation, in an exemplar long-term condition.
We sought to capture details of participants’ activities at home
at times when they experience these varying health states to
inform sensor set-up for remote monitoring and to potentially
capture these clinically important changes within the data
stream. The study also explored other influences on everyday
activity to understand the degree to which activity was
influenced by the symptoms of the condition compared to other
factors. The research questions were as follows:

1. How do everyday activities undertaken at home by people
with HF vary according to the health state of theindividual
carrying them out?

2. What other factors influence everyday activity in older
people?

3. How might changesin home activity be captured indirectly
via sensors sited within the home?

All research questions were considered through thelensof LM,
the remote monitoring technology, and from the perspective of
the lived experience of the long-term condition. The focus of
the study was HF, but the aims of the study were broader: to
add to the to the knowledge base informing the devel opment
of home monitoring technologies designed to detect health
deterioration in any long-term condition that is subject to
exacerbations.

Within the United Kingdom, approximately 493,000 peopleare
recorded on general practice registers of patientswith HF[19];
although, the actual prevalence is likely to be higher. HF is a
complex condition with an uncertain trgjectory [20-23] and a
high symptom burden [24]. The symptoms are known to impact
everyday activities (eg, [25-29]) in ways that vary depending
on the degree of intrusion from symptoms. For example,
Edmondset al [26] documented changesin activity in response
to different degrees of breathlessness. The condition is costly
both to the individual and to health services because of the risk
of non-elective hospital admission and readmission [30]. It is
known that people with HF may delay seeking help during an
exacerbation, and therefore, symptoms may deteriorate before
health services are alerted [ 31-33]. One aspect of thisdelay may
arisefrom difficultieswith symptom recognition [ 32-37]. Early
detection of worsening symptoms may potentially halt an
exacerbation, allowing the condition to be stabilized via a
community health careintervention, thus avoiding the need for
hospital admission. Thisresearch, therefore, particularly focused
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on the potential changesin activity leading up to an exacerbation
and how these can be detected by sensors.

Methods

Participants and Recruitment

The study participants with HF were recruited in two ways.
Participants were either identified by a heart failure specialist
nurse and recruited by the research team, or wererecruited from
a HF support group. All participants lived in and around
Barndey, atown in the north of England.

The samplewas chosen to include adiverse experience of living
with HF, and in particular, participants varied in their age,
severity of HF, and the length of time since diagnosis (Table
1). All participants were aged 50 years and above. Additional
insights were gained from the partners of some of the
participants with HF, who, at the participants’ request, sat in
and contributed to the interview.

Study Design

Participants were interviewed in their own homes over an
8-month period using a semistructured schedul e both to ensure
that key topics were discussed and to capture a broad range of
experience. The key topics were identified by literature
searching and included a focus on HF symptoms and activities
undertaken during days classified as normal days, bad days,
and exacerbations [38,39,25].

The audio-recorded interviews were typically of one hour
duration, with a minimum of 40 minutes and a maximum of
two hours. After each interview, field notes were taken to both
reflect on the interview and gain insights into the research
guestions—these notes provided the starting point for data
analysis. The interviews were transcribed in full.

Ethics

Ethical approval was gained from L eeds (East) Research Ethics
Committee (08/H1306/46) and research governance from
Barndey Hospital NHS Foundation Trust. Participants were
sent written information about the project at theinitial point of
recruitment. Key points were reiterated before the interview
and participants were informed of their right to stop the
interview at any time. Written consent was then taken.

Theoretical Framework and Analytical Approach

The project was underpinned by subtle realism: an
epistemological stance based on the belief that thereare multiple
non-contradictory versions of reality and that although accounts
differ, they all reflect reality [40]. Researchers sought to cast a
critical eye over participants accounts of life with HF to find
aversion“...of whose validity we (were) reasonably confident”
([41], page 50). Researcherswere mindful of their own influence
on this process and sought, through reflexivity, to identify any
erroneous assumptions, attitudes, or beliefs in a process
described by O’ Cathain [42] as “situating” yourself within the
research.

The interview data were analyzed using template analysis
[43-45], aform of thematic analysis where the key tool is the
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use of ahierarchical template to summarize themesand provide
a visual aid to both analysis and data interpretation. The
hierarchical structure of the templateis used to organi ze themes
in ameaningful way, with key broad concepts captured in higher
level themes, and lower level themes providing more detail to
improve understanding of specific aspects of the broader themes.

Data Analysis

The data were coded by Sarah Hargreaves, with checks made
by other researchers to validate choice of codes. A minority of
initial themeswereinformed by theliterature (apriori themes);
however, these were retained only if the theme was found to be
both present within the data and of relevance to the research
question. If not, a priori themes were amended to reflect the
dataor discarded if they werefound to be no longer appropriate.
Other themes were identified from “features’ of participant
accounts (perceptions or experiences) relevant to the research
guestions. Initial theoretical propositions were tested at a
validation exercise undertaken at a heart failure support group
meeting with 27 attendees. Themes were further consolidated
via the process of template development whereby different
template structures were explored in order to reach a fina
version that both represented the themes within the interviews
and directly addressed the research questions. Consider, for
example, the high level theme “Deciding what to do today,”
which arose out of an understanding from the interviews that
activities on any given day are influenced by a wide range of
factors. These were detailed in lower-level codes, such as the
weather, commitments, and activity assessment. The
understanding of thistheme was consolidated by the validation
exercise, which highlighted not only the importance of
symptoms asakey influence on daily activity but also individual
differences. This process of template development was
documented in order to create an audit trail [45].

The data were initially coded manually and at a later stage
imported into NVivo 9 (QSR International) in order to utilize
the text retrieval facilities to aid template devel opment and for
reporting purposes.

In this paper, al participants are referred to by pseudonyms.

Results

Participant Characteristics

Table 1 summarizes the characteristics of the interview
participants with HF. Participants ranged in age, from younger
participants in their 50s to older participants in their 80s, with
themajority in their 70s. In addition, many participants suffered
from a range of co-morbidities from mild conditions (such as
mild arthritis) to potentially life-threatening ones (eg, cancer).
The sampleincluded participants who had been diagnosed with
HF recently (within the last three years), and those who had
been living with HF for longer. Despite efforts to recruit a
gender-balanced sample, the sample was predominantly male.

The partners or spouses of 11 interviewees sat in and contributed
to the interviews.
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Table 1. Characteristics of participants with heart failure.

Hargreaves et a

NYHA heart failure class® Gender Length of time since diagnosis” Grand total
Within the last 3 years >3 years
| Mae 1 1
I Female 1 1
Mae 5 1 6
11 Femae 1 1 2
Mae 1 6 7
v Female 1 1
Mae 1 1 2
Grand total 11 9 20

&Classified according to participant accounts of the impact of symptoms on everyday activity and interviewer observations [38].

BThis information was derived from participant accounts.

During the analysis an integrative theme was identified [44].
Thisisatheme which King describes as* undercurrents running
through participants accounts’ (page 460), and isthus pertinent
to the interpretation of much of the data. In this study the
integrative theme was the degree of intrusion from symptoms.

TheThreeHealth Statesof Heart Failureand | mpacts
on Everyday Activity

The interviews confirmed that participants recognized the
concept of normal and bad days and were able to describe how
these two types of days differed both in terms of the degree and
type of symptoms experienced, and the sort of activities that
they would be likely to undertake. A normal or good day was
relatively symptom-free, and this gave participants more energy
to undertake everyday activities, which might be within the
home. For some, thisfeeling of well-being inspired participants
to undertake activities in the garden or to go out.

Well on a good day | live like a normal day virtually,
don't 1?...Ermif | want to go for a walk, we go for a
walk. We go shopping, whatever, visit people. [Brian]
How often these good times occurred, how long they lasted,
and the degree of extraenergy experienced, all varied depending
on the severity of HF. For some, these good times were both
infrequent and transient.

In contrast bad days were characterized by alack of energy (“a
whole system tiredness’), a lethargy, and with it an
accompanying feeling of listlessness, irritation, and negativity.
During such times participants preferred to stay at home and
may have undertaken gentle activities or those requiring very
little energy, such as watching the television or using the
computer. Again the degree of intrusion from the symptoms
varied, with some participants very badly affected by bad days
and unable do anything, while others ignored their symptoms
and kept going.

You can have days when you feel really down and
you know it just seemslike you are useless, you can't
do anything and you don’t have the energy to get a
meal or anything [Dawn]

http://www.jmir.org/2017/6/e231/

Bad days were regarded as atransitional state to be endured in
order to reach better times.

Thethird health state was exacerbation. Not al the participants
had experienced an exacerbation, but for those who had, it was
remembered with horror—as atime when health concerns came
to thefore and everything became astruggle. The key symptoms
were breathlessness, tiredness, and swelling (oedema), with
breathlessness especially reaching frightening levels as
participants described struggling for breath.

...Just if you were walking up a little incline erm that
was something or nowt [nothing] really you had to
stop and you would be going [participant acts out
doing heavy gasping breaths, followed by a deep
lurching breath] and feel as if you couldn’'t get
enough in. [Larry]

Exacerbations differed from bad days because of the degree of
exercise intolerance and dyspnoea, and the perception that the
body was out of contral, trapped in a“downward spiral.”

The impact on home activities built up over time, with
participants describing how they spent more time at home, and
even there, were limited and selective in their activities. A
notable aspect of activity within this health state was slowing
down, when activities were undertaken very slowly, especialy
more exerting activities, such aswalking and climbing the stairs.

Ermbut just everything wasjust so slow, so very, very
slow. [Willow]

The exacerbation also changed activities at night, with sleep
broken by episodes of breathlessness which prompted the
participants to undertake activities to ease their breathing, such
as sitting on the edge of the bed or going downstairs to sit the
night out on the sofa.

I come down and was watching sport two, three, four
0’ clock in the morning, and was dozing on the settee.
You know awful, awful feeling when you waken in the
night-time like that. [Larry]
A number of participants spontaneously described how thefirst

thing that alerted them to the onset of exacerbation was a new
or increased difficulty in walking or using the stairs.
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I had been having thisincreasing breathlessness and
then the snow, | couldn’t go further than five yards
with a bag and | had to stop myself and think thisis
ridiculous. [Janice]

It waswalking really. | had always been a fast walker
and | had to slow down. [Willow]

During an exacerbation of symptoms, walking became an ordeal
as the physical effort caused breathlessness. The length of an
acceptable walk was scaled down, and the activity was carried
out more slowly than normal with stopsto breathe. Thischange
was observed both inside the home and outside.

...from the top of the stairs into the toilet 1 was
absolutely shattered. From there to the chair | was
shattered, fromthat chair to the end of the settee there
[a few steps] and | would have to stand [sound of
panting] out of breath completely. [Eric]

...Just walking to the bottom of the street really slowly
and if other people saw me that know me, you should
have seen the look on their faces to say what's the
matter with you? [Larry]

As the exacerbation progressed, participants described how
activity became pared down to absolute necessities and they
avoided climbing the stairs as it became too exhausting and
distressing.

Other FactorsInfluencing Activity

The interviews explored the broad experience of living with
HF, and the accounts highlighted how participants were chiefly
concerned with living their livesin spite of HF.

Err...| don't see myself as being bad, poorly, ill.
Whatever you want the classification to be. | don't.
Well it isjust me, | try not to see that part, | think |
amup and running, | am okay. [Alistair]

This stoical attitude presents a challenge to the concept of LM
because individuals with HF may not necessarily respond to
intrusive symptoms by changing activity. The most extreme
example of this came from a participant who, while suffering
an exacerbation, ignored his symptoms and attempted to carry
on.

| always remember that the Doctor said to me...he
said you are not working Mr Smith are you? Well |
have been to the gym this morning, | have been to
work all day, | just had a shower and | have run down
here. He said you could have collapsed and died, this
wasthe cardiologist. [Larry]

Participant accounts gave an understanding of how everyday
activity is influenced by both the individual situation of the
participant (eg, severity of HF and co-morbidities, age,
personality, gender, lifestyle, attitude to activity), and external
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factors (eg, housing, local geography, transport availability,
weather, demand on time) A good example of this came from
Janice, a participant juggling the demands of bringing up her
children while living with HF.

What | think | should do is put an Agatha Christie on
the DVD, have someone bring you afternoon tea and
put your feet up...But life's not like that. [Janice]

Theinterviewsillustratethat in redl life, the relationship between
activity and health isnot clear cut, thusLM systemswould need
to take account of thiscomplexity and individual circumstances.

Potential Targetsfor Activity Monitoring to Detect
Signs of Exacerbation

Participant accounts verified that an exacerbation is a
digtinctively different health state, and they also identified
activities that were undertaken in order to ease symptoms.
Participants described how symptoms built up over time during
the exacerbation, and often they did not seek medical help until
the symptomswereintolerable—for somein spite of their close
family urging them to seek help.

The accounts of the experience of activities undertaken during
different health states could provide the starting point for
developing aplatform of LM sensorsto monitor home activities
linked to an exacerbation of symptoms. Table 2 lists activities
which could potentially be monitored as well as insights into
how these changes might be monitored. During an exacerbation
of symptoms, participantswith HF, for example, described both
changesto existing activities (eg, reduced speed in walking and
climbing the stairs, staying at home more, and being more
sedentary) and undertaking new activities in response to
distressing symptoms (eg, sitting up at night to aid breathing,
perhaps watching television).

The interviews also highlighted the importance of signs of
ill-health relating to appearance, which would require new
sensors to be developed. An important sign was swelling, with
participants describing the extent of swelling to their body
during an exacerbation, as described by Willow:

My legs were very swollen, if | sat down | needed to

get them up and Edward used to have to lift them up

because they were just so heavy, | couldn’t lift them

up.
Thisswelling was reported in feet, legs, the abdomen, and even
fingers. More subtle signs noted by the partners of participants
with HF were changesin facia appearanceincluding expression,
appearance of eyes, blue lips, and alteration in mood and
demeanor. In addition, during ill-health, the role of partners
changed and they undertook more activities to support their
spouse.
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Table 2. Activitiesthat change during an exacerbation and insights into how these changes might be monitored.

Home activity Details of activity changes taking place

within the home when health declines

How these changes might be monitored

Climbing the stairs Stairs became more of aphysical challenge
during an exacerbation, and the climb is
likely to be undertaken more slowly (the
individual may also rest during the climb),
and over time the activity islikely to be
undertaken less frequently than usual or

avoided, as symptoms spiral out of control.

Dressing Participants were aware of shoes or clothes
becoming tighter. Dressing becomes more
of aphysical effort, especialy putting on
socks.

Food preparation Food preparation is simplified or avoided.

Staying at Home A reduction in leaving the home, and then

cessation. Participantswithdrew from social
activities as their health declined.

Increase in sedentary
activities

Anincrease in sedentary activitiesin the
home, such as sitting on the sofa; as health
declines, chores are likely to be limited to
necessities, and activitiesrequiring physical
exertion avoided

Activities undertaken
to ease breathl essness

Some people seek air during episodes of
breathl essness, opening windows or doors,
using afan, or sitting upright.

Sleeping in the bed Nocturnal sleep may be broken by episodes
of breathlessness, requiring the participant
to sit upright, or sit on the edge of the bed

to recover breath

Sleeping on the When breathlessness is bad, some people

Chair/sofa resort to sleeping upright in achair, or they
may go down stairsin the night to sit out
the night on the sofa

Signs noted by part-  Partners were aware of a deterioration of

ners: Symptomsand  symptoms, such asincreased breathl essness,

Subtle signs and swelling, and began to help their part-

ners undertake activities. People talk less
during a decline of health, and withdraw
into self. A change of appearance of the
face, eyes, and demeanour was noted by
partners during an exacerbation.
Television viewing Viewing may increase during an exacerba-
tion, with anincreasein viewing during the
day, and viewing at unusual times (such as
in the night) may be a particular indicator

Movement around the
home

Walking becomes more of a physical chal-
lenge during an exacerbation, and is under-
taken more slowly and less frequently.

A means of counting both the number and duration of stair ascents and descents
should be sought—potentially with a device recording the time spent climbing
from thefirst to the last step.

Some means of reporting that clothes or shoes have become tighter would be a
useful indicator of increased fluid build-up. It would be important to find out
the order in which parts of the body become swollen, as the fluids build up; the
normal pattern in individuals should aso be established.

Information about normal food preparation methods would need to be sought
in order to monitor and measure the duration of these tasks, as during periods
of ill-health participants described shorter and less elaborate cooking methods.
Microwave usage may potentially increase during periods of ill-health, in order
to reheat previously prepared meals, or shop-bought ready meals; this could be
measured using an electrical socket device.

A key sensor could be used to monitor when the door used to go out is locked
from outside (this may differ from the door used to access the garden). The key
sensor could provide an indirect means of measuring social isolation, as people
may cancel socia activities. A means of reporting the scale of breathlessness
during speech could provide an indicator of worsening breathl essness.

See “sleeping on the chair/sofa’ below

Windows and doors opening and closing could be monitored with adoor sensor,
with openings that occur at night potentially being of greater significance.
Window monitoring would only be of valueif the window was generally closed.

Mattress monitors are currently used to measuring bed occupancy, although they
would not be able to detect subtle signs of ill-health, such as more restless sleep.
A means of monitoring the duration of time spent sitting on the edge of the bed
is needed.

Information about where people sleep when they feel unwell should be sought
inorder to monitor use of thisaternative sleeping place, as participants common-
ly mentioned sleeping on the sofa or chair in the lounge during episodes of
nocturnal breathlessness. This measure of chair usage would be more reliable
if the chair was used exclusively by the participant; and thisis not unrealistic,
since some participants had an upright chair that they favored.

Some means should be provided for partners/family to report observations about
the appearance of their relative with along-term condition. Partners were very
in tune with their partner’s health, and thus this valuable information should be
fed into the monitoring.

Information about television viewing would need to be sought before monitoring,
as people may aways have the television on as background noise, or undertake
other activities during periods of ill-health—for example, listening to the radio
more. A television electrical socket device could record the duration of time the
televisionison, but not whether it isactually being watched. A measure of night-
time viewing may be an important indicator of a change in health.

The number of daily steps could be recorded via a pedometer, and speed
recorded via an accelerometer
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Discussion

Principal Findings

Thebasisof LM technology isthat the home activities of people
at risk of an exacerbation of a long-term condition may be
monitored via sensors in order to provide an indication of
important changes in health. This study found that a sensor
platform could potentially be tailored to identify signs of an
exacerbation in HF when the setup isinformed by understanding
the lived experience of HF, and in particular the impact of
intrusion of HF symptoms on everyday activity. We argue that
this emphasis on understanding the lived experience of
long-term conditions is important both for identifying which
health conditions may be appropriate for LM and for tailoring
the sensor setup to identify clinically important changes in
health. While this study focuses on HF, the approach has a far
wider application for the development of approachesto remote
monitoring and data analysis in long-term conditions.

The findings suggest the need for a more personalized and
targeted approach to LM to tailor sensor setup to monitor
activities which are potential indicators of important changes
in health. By exploring home activities during the different
health states of HF, we were able to identify activities which
should be monitored, and from this, choices could be made
about identifying appropriate means of detecting change. This
requirement to identify specific activities that are sensitive to
changes in symptoms (specific to a health condition) has not
been addressed by the LM literature, where descriptions of
systems, methods, and the context in which they are being used,
tend to be vague [17].

Although it was known that people with health conditions
change their behavior during an exacerbation (eg, during an
exacerbation people with HF may sleep upright), detailed
description of how these changes occur within the home were
lacking [46]. A key finding from this study is the detailed list
of changes that occurred during exacerbations (Table 2) and
this offers useful information for the devel opers of sensors and
platforms, and to inform the devel opment of algorithmsto detect
changes in the data collected. This key finding adds to insights
gleaned from other studies looking at varied long-term
conditions—Clarke, for example [46].

This targeted approach offers the potential for a reduction in
the number of sensorstargeted at specific activities, which may
provide more clinicaly meaningful data than a standard
broad-brush setup [47]. It may also lead to the devel opment of
sensors designed specifically to monitor activities of clinical
significance. LM has been criticized for the failure to capture
clinically significant data, and for Elwyn et a [48], this arises
from the focus on data that is easy to collect rather than data
that isindicative of achangein health. It isanticipated that LM
datacould inform clinical management of patientsliving within
the community, offering a potential safety net, so that primary
care services could be aerted to signs of decline in order to
intervene early and potentially prevent hospital admission. In
our study, participants delayed seeking help for an exacerbation,
a finding in keeping with other HF studies [31-33]. A LM
service may be of great value to patients, given that it would
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require no effort from the patient, and may reduce some of the
uncertainty and complexity of living with unpredictable
conditions.

An approach focused on collecting data of clinical significance
is more ethical, as it is more likely to yield data of value to
health professional decision making, leading to interventions
of clinical benefit [17,48]. In addition, the creation of abespoke
LM setup for a specific health condition, which also meets the
needs of users, is more likely to yield positive benefit for the
user and inspire confidence in health professionals. Thisis a
vital step in the wider adoption of LM [49].

It is likely that LM is more appropriate for some health
conditions than others. This study identified some aspects of
HF that make it more appropriatefor LM. First, the health states
within the condition were found to be distinctly different, and
in particular there were specific activitiesfound to be undertaken
during an exacerbation to ease symptoms, as well as broader
changesin activity that occurred (such as staying at home more)
during exacerbations. In addition, the exacerbation was found
to build up over time, and this would allow sufficient time to
identify a change in health and intervene. Participants of the
study were able to identify the first signs of an exacerbation,
and this could inform the sensor setup. Although taking a
bespoke approach to LM design should make it applicable to
other long-term conditions, the characteristics of other
conditionsmay makealL M approach lesslikely to be successful.
The buildup to an exacerbation in chronic obstructive pulmonary
disease (COPD) is much faster (eg, [50]). A COPD telecare
study was unsuccessful in identifying the early stages of an
exacerbation due to a lack of early predictors [51], and the
authors speculated that the system may have been identifying
signs of abad day rather than an exacerbation.

Another potential means of enhancing the remote monitoring
would be to feed in additional information. The study found
that the partners of people with HF were undertaking an informal
monitoring role, that is, observing their partner day and night
for signsand symptomsthat their health was deteriorating. This
monitoring included aspects which current sensors would not
be ableto capture, such as observing changesin the appearance
of their partner, their symptoms (observing increased
breathlessness, for example), mood, and noting additional
activities they were required to undertake. Other studies have
noted thismonitoring role aswell [25]. Such observations could
potentialy beclinically significant, or highlight aneed for closer
examination by a health professional [52]. A means of feeding
in this information would add an extra valuable dimension to
the resources for decision making [53]. There are, however,
ethical implications and potential negative impacts on family
relationships arising from this approach which would need
further exploration.

Remote monitoring of HF typically focuses on physiological
changes[54]. Utilizing technol ogies that measure physiological
changesin parallel with LM provides opportunity to assess the
respective accuracy of both data sources and adds an additional
depth of information [47]. It would also provide an additional
safety net for patients. The first change in activity noted by
participants of this study during an exacerbation was aslowing
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of their walking pace or in climbing the stairs, but they were
also aware of increased breathlessness. Unlike physiological
measurement technologies, LM technologies require no active
engagement from those being monitored, and thus may detect
exacerbations in those people unlikely to actively engage with
monitoring. The continuous nature of LM may also lead to
earlier detection of the beginning of an exacerbation. Future
research might focus on how measures of physiological change
and activity vary across the timeline of an exacerbation within
the complexity of the lived experience of HF.

Complexity arises from placing technology within the home,
wherethe monitoring interactswith theindividual circumstances
in which a person lives and the external factors impacting on
everyday life. The health state exists not as a separate entity,
which directshome activity, but within acomplex environment,
where factors interact and there may be conflicting demands.
Thispresentsachallengeto LM because an individual may feel
ill but not attend to those feelings by resting or staying at home,
astheir lifestyle has other demands. It iswell known that people
do not respond uniformly to the challenges of ill health [55-58];
and that people with health issues may prefer to focus on living
their lives, rather than the health condition [55,58,59]. This
means that there will be a level of uncertainty in the data
recorded by LM sensors. However we argue that by
understanding more about an individual and their attitudes,
priorities, circumstances, and routine, this would provide a
context within which to both tailor sensor setup to fit in with
individual circumstances and behaviors, and also a means of
interpreting the LM datain order to reduce the margin of error
[60]. We argue that this understanding is important in order to
establish a link between the sensor data and the person being
monitored. This would require a degree of personalization of
sensor setup and interpretation, which would involve additional
costs[61]; it may also involve the development of new sensors.
Thisrequirement for technol ogies to be designed “in the wild,”
taking account of how real people live in their homes is an
important element in designing technologies to fit needs [62].

Limitations

The participants recruited to this study were varied in terms of
age and HF severity, and therefore may not be representative
of the typical elderly HF patient cared for by general practice
[63]. This study focused entirely on HF, but for some the
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situation iscomplicated by co-morbidities[30], and the presence
of these is likely to make LM more challenging. The small
sample sizeisalimitation of the study, asit is unlikely that we
have captured all aspects of behavior within the home in
individuals with HF.

There was an imbalance within the sample, with a greater
proportion of male participants and few participants who lived
alone. In addition, the study participantswereall fromasimilar
geographical areawithin Northern England and were from the
same ethnic grouping (white British), and thismay havein part
influenced the way that participants responded to the challenges
of living with along-term condition. Certainly participantswere
stoical in their approach to living with HF, which may reflect
the culture of an area with a history of coal-mining and
steel-working. This stoical approach to living with along term
condition has been noted by another study based in Northern
England [64].

It is acknowledged that there is a risk that the presence of
partners may have influenced the interviews (eg, [65-67]).
However, we argue that the presence of partners was positive
asthey were able to provide vivid descriptions of the impact of
HF on activity and to act as a counterbalance to the instinct of
many of the participants with HF to underplay symptoms.

Conclusions

This study shows the importance of understanding of the lived
experience of long-term conditions in order to potentialy
identify which conditions are suitable for LM and of detailed
information about how home activities change when health
deteriorates. This detailed information is the key to designing
a sensor setup tailored to both specific health conditions and
individual circumstances and to inform data analysis and
interpretation. By this means it is anticipated that LM can
provide timely, clinically meaningful data that will contribute
to the management of long-term conditions of people living in
the community.
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Abstract

Background: Combination antiretroviral therapy (CART) as treatment for human immunodeficiency virus (HIV) infection is
effective and available, but poor medication adherence limits benefits, particularly in vulnerable populations. In a Kenyan
randomized controlled trial, aweekly text-messaging intervention (Wel Tel) improved cART adherence and HIV viral load (VL).
Despite growing evidence for short message service (SMS) text-message interventions in HIV care, there is a paucity of data
utilizing these interventions in marginalized or female cohorts.

Objective: This study was undertaken to assess whether the standardized Wel Tel SM S text-message intervention applied to a
vulnerable, predominantly female, population improved cART adherence and VL.

Methods: We conducted a repeated measures study of the Wel Tel intervention in high-risk HIV-positive persons by measuring
change in VL, CD4 count, and self-reported adherence 12 months before and 12 months after the WelTel intervention was
introduced. Inclusion criteriaincluded VL =200 copies/mL, indication for treatment, and meeting vulnerability criteria. Participants
were given a mobile phone with unlimited texting (where required), and weekly check-in text messages were sent for one year
from the Wel Tel computer platform. Clinical data were collected for control and intervention years. Participants were followed
by a multidisciplinary team in a clinical setting. Outcomes were assessed using Wilcoxon signed ranks tests for change in CD4
and VL from control year to study end and mixed-effects logistic regressions for change in CART adherence and appointment
attendance. A secondary analysis was conducted to assess the effect of response rate on the outcome by modeling final log,, VL

by number of responses while controlling for mean log,, VL in the control year.
Results: Eighty-five participants enrolled in the study, but 5 withdrew (final N=80). Participants were predominantly female

(90%, 72/80) with avariety of vulnerabilities. Mean VL decreased from 1098 copies/mL in the control year to 439 copies/mL at
study end (P=.004). Adherenceto cART significantly improved (OR 1.14, IQR 1.10-1.18; P<.001), whereas appointment attendance
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decreased slightly with the intervention (OR 0.81, IQR 0.67-0.99; P=.03). A response was received for 46.57% (1753/3764) of
messages sent and 9.62% (362/3764) of text messages sent were replied to with a problem. An outcome analysis examining
relationship between reply rate and VL did not meet statistical significance (P=.07), but may be worthy of investigating further
in alarger study.

Conclusions: WelTel may be an effective tool for improving cART adherence and reducing VLs among high-risk, vulnerable
HIV-positive persons.

Trial Registration: Clinicaltrials.gov NCT02603536; https://clinicaltrial s.gov/ct2/show/NCT02603536 (Archived by WebCite
at http://www.webcitation.org/6qK57zCwv)

(J Med Internet Res 2017;19(6):€190) doi:10.2196/jmir.6631
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Introduction

In Canada, approximately 75,500 people areliving with human
immunodeficiency virus (HIV), 16,800 of whom are women
[1]. Combination antiretroviral therapy (CART) has led to
enormous improvementsin health and survival of HIV-positive
individuals [2]. Moreover, by decreasing the amount of virus
circulating in the plasma (viral load [VL]), cCART offers the
possibility of treatment as prevention by minimizing viral
transmission [3,4]. Despite the well-established benefits of
cART, nonadherence to medications, delayed initiation of
therapy, and poor follow-up are ongoing limitations of effective
HIV management leading to multidrug resistance, progression
to acquired immune deficiency syndrome (AIDS), transmission
to others, and mortality [2,5-7].

Engagement in longitudinal HIV careis an ongoing challenge,
with studiesfrom the United States showing long-term retention
in care ranging from 37% to 65% [8-11]. Retention in care is
particularly important on a public health scale because those
individual s not retained in care have been estimated to account
for twice as many HIV transmissions as nondiagnosed
individuals[11]. In British Columbia, Canada, thereisemerging
evidencethat cART adherence among womenislagging behind
that of men (59% vs 68%, respectively) [12]. A variety of factors
have been shown to decrease care retention and cART adherence
inwomen, including intimate partner violence, medication side
effects, role as care provider, and gender-specific stigma[13-19].
Other risk factors associated with poor adherence in both men
and women include substance abuse, recent incarceration,
psychiatric conditions, advanced HIV, and lack of social or
housing supports [8,20-25]. Previous peer mentoring and
behavioral interventionstested in these popul ations have failed
to show objective improvements in HIV care [26-28]. For an
illness that now has beneficial long-term treatment available,
effective adherence strategiesfor difficult-to-engage popul ations
will be of paramount importance from an individual and public
health standpoint.

Mobile health (mHealth), the use of mobile phone technology
to deliver hedth care, is an emerging area of disease

http://www.jmir.org/2017/6/€190/

management that can assist in patient adherence to prolonged
chronic treatment regimens and monitoring of care [29-31].
Short message service (SMS) text messaging is particularly
appealing as a mHealth intervention because it makes use of
standard services offered by cellular providers, requiresminimal
additional infrastructure, and is user-friendly, ubiquitous, and
flexible [29,30,32]. In alandmark randomized controlled trial,
Lester et al conducted amHealth intervention (Wel Tel Kenyal)
whereby providing a bidirectional, weekly text-messaging
intervention for one year significantly improved cART
adherence and VL suppression compared with controls in an
HIV-positive Kenyan population initiating CART [16]. Several
other SM Stext-message i nterventions have been devel oped and
implemented in HIV care with promising results, however,
WelTel remains the approach validated in the largest setting to
date [33-35]. In addition, reviews and a meta-analysis have
assessed available evidence to confirm that SM S text-message
interventions can improve parameters of HIV care, especially
CART adherence [17,36-38]. Despite this emerging evidence,
there remains a lack of focus on vulnerable populations less
likely to access care and a paucity of data focused on female
populations[39-42]. Our goa in this study wasto assesswhether
the standardized WelTel intervention applied to a vulnerable,
predominantly female population improved cART adherence
and VL.

Methods

Study Participants

Participants were enrolled in a repeated measures cohort study
between April 2013 and May 2014 with the 12 months prior to
initiation of the study used retrospectively as the control year.
Participants were recruited from the Oak Tree Clinic in
Vancouver, BC, Canada, which is a provincial referral center
for women and families living with HIV throughout British
Columbia, many of whom face multiple barriersto engagement
in care. The clinic offers an interdisciplinary care team
consisting of physicians, nurses, pharmacists, social workers,
dieticians, and counselors addressing the holistic health needs
of women and their familiesin asingle care setting.
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Figurel. CONSORT flow diagram of trial.
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As outlined in Figure 1, 413 individuals were assessed for
eligibility, 129 were eligible, and 85 enrolled in the study. Five
participants dropped out of the study early on and were not
included inthefinal analysis. HIV-positive patientswere eligible
for study participation if they met the following inclusion
criteria: attendance at the clinic for at least one year prior to
study entry, an indication for cART (at time of study

development, CD4 <500 cellmm?), detectable VL (=200
copies/mL) in the year prior to study entry (control year), age
14 yearsor older, and high risk for disengagement in treatment
according to a list of predetermined criteria. High-risk
individuals were identified based on care team consensus that
at least one of thefollowing vulnerability criteriawere present:
intimate partner violence, unstable housing, advanced HIV
infection/AIDS, mental health illness, CART nonadherence,
difficult to contact, poor appointment attendance, active
substance use, long distance from care, or recent incarceration.
All candidateswere reviewed by the multidisciplinary careteam
that decided on applicable vulnerabilities by manner of
consensus. We excluded those who did not meet the preceding
criteria or lived in an area with no cell phone service. Those
who were unable to communicate by text messaging due to
language barriers, illiteracy, or physical disabilities preventing
use were also excluded. For those participants aged 14 to 18

http://www.jmir.org/2017/6/€190/

A 4

phones (3)
¢ Unexplained reasons (2)

-

years, parental consent for enrollment in the study was not
obtained in an effort to protect confidentiality and promote
safety in this marginalized cohort.

Prospective participants were introduced to the WelTel
intervention during aroutine clinical visit and provided written
informed consent if interested in the study. Participants were
given a basic cell phone with unlimited text-messaging
capability if they did not have one. For those patients that did
own a phone with atext-messaging plan, no payment incentive
was provided. However, if an individual required a phone or
phone plan at alater time, they were provided with one. When
required, participants received instruction on how to use text
messaging for communication. In addition to the intervention,
participants continued to receive their regular care through the
interdisciplinary team. In British Columbia, cART is fully
funded for HIV-positive patients through the Provincia
Antiretroviral Drug Treatment program and was prescribed
according to published therapeutic guidelines by the BC Centre
for Excellence in HIV/AIDS [43]. The study protocol was
approved by the University of British ColumbiaResearch Ethics
Board (H12-03002) and registered as a clinica tria
(NCT02603536).
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Intervention

The SMS text-message intervention was modeled after the
WelTelKenyal study with participant-driven modifications
according to a qualitative assessment conducted with patient
participants and health care providersat the clinic prior to study
start [16,18,44]. The Wel Tel model was selected because it has
been validated in the largest setting to date and contains many
features (ie, weekly, short, bidirectional messages) that have
been subsequently shown to be effective SMS text-message
strategies [16,34]. For one year, the text message “How are
you?' was sent to all participants every Monday at noon from
the automated Wel Tel platform through a number not traceable
to the clinic. Participants were instructed to respond “OK” or
“not OK,” and those responding “not OK” received afollow-up
cal by a study nurse within approximately 24 hours. If no
response was received from the initial SMS text message, a
second text message was sent on Wednesday stating, “Haven't
heard from you yet, how areyou?’ If therewas still no response,
this was followed by a call on Thursday by study nurses.
Participants were instructed that the intervention was not an
emergency service and were provided with a written reminder
of the current practices for after-hours concerns and
emergencies. This open-ended check-in approach was
specifically designed to preserve confidentiality and provide a
personal connection to clinic staff to triage all problem types.
For confidentiality reasons, health care providers did not text
information relating to HIV status unless asked explicitly to do
so by the participant. Participants who lost their own phone or
the study phonewere offered areplacement on aone-time basis.
Participants were allowed to reinitiate the study at any time
simply by providing the team with the new phone number.

M easuring Outcomes

The primary outcome of the study was change in VL from
control year (mean VL over one year prior to study entry) to
final VL at study end. Secondary outcomesincluded changein
CART adherence, CD4 count, and appointment attendance
following the WelTel intervention. Parameters anticipated to
respond after alag time (VL and CD4) were compared using a
mean of all measurements in the control year to final values at
the study end, whereas those expected to have rapid response
to the intervention (CART adherence and appointment
attendance) were assessed by comparing means of control and
intervention years in their entirety. To estimate the number of
CART doses taken, self-reported adherence was collected at
each medical visit with appointments arranged at 1- to 4-month
intervals according to health status. At each visit, the patient
was asked to estimate the number of ingested doses and missed
doses since the past visit. Self-reported adherence was then
compared to pharmacy refill records, alwaysfavoring the lowest
estimate of doses taken. Finally, adherence was then cal culated
asthe percentage of estimated dosestaken from the total number
of doses prescribed in the year. Appointment attendance data
was gathered from the electronic booking system for the clinic.

Data were collected for one year prior to texting start date and
for the duration of the study such that each participant served
astheir own control intheintervention. Participant self-reported
ethnicity and vulnerability data were collected at time of
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enrollment. Chart review was used to collect the following: age,
housing status, substance use, geographic location, CD4 count
and percentage, VL, CART regimen (including dates of initiation
or discontinuation), emergency department visits, hospital
admissions, self-reported medi cation adherence, pharmacy refill
data, and clinic appointment attendance. All text-messaging
responses, follow-up calls, and team member referrals were
tracked and nature of the problem noted.

Statistical Analysis

A sample size of 100 wasinitially targeted based on pilot study
values of the primary outcome (VL) to alow for statistical
assessment with a power of 80% and significance level of .05.
To assess changesin VL and CD4, we computed the geometric
mean (log,g-transformed for VL) from raw data of al laboratory
results from the control year for each participant. These means
were then compared to the finad VL or CD4 from the
intervention year using nonparametric Wilcoxon signed ranks
testsfor paired data. Oddsratiosfor CART adherence and clinic
attendance were analyzed based on binomial “yes/no” responses
for each event with several eventsfor each participant and then
calculated by logistic regression. For each participant, the
number of possible appointments and doses was tallied within
each year, and the proportion of those that were attended/taken
was compared between years using mixed-effect logistic
regressions to control for paired measurements for each
participant. Given the bidirectional nature of the text-messaging
intervention, participants and care providers were not blinded
throughout. In addition, outcomes were assessed according to
the pre/post intervention study design rather than blinded.

To facilitate a comparison between those patients regularly
using mHealth technology versus those not actively using it,
we analyzed variation in the number of responses to the text
messages. All participants should have received 52 messages
making the number of responses auseful proxy of engagement.
We used bivariate negative binomial regression to analyze the
number of responses by age, gender, ethnicity, income,
long-distance telephone, distance traveled to clinic (<50km,
>50km), any substance use (hot including smoking), and mean
log,g VL during control year. We estimated the effect of
response rate on the outcome by modeling final log;o VL by
number of responses while controlling for mean log;, VL in
the control year using agenera linear model.

Results

Cohort Characteristics

Between April 2013 and May 2014, 85 participants were
enrolled in the study. Although an initial target of 100 patients
was selected based on statistical analysis, there werelimitations
in eligible clinic patients for enrollment. As such, study size
was reanalyzed and determined to have sufficient power with
amodified goa of 85 participants. Five participants withdrew
from the study. Baseline demographics of the remaining
participants are outlined in Table 1. The population was
predominantly female (90%, 72/80) with a median age of 38
(IQR 29-47, range 15-61) years. Six (8%, 6/80) participants
were younger than 18 years and received pediatric care at the
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